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1 TIFLE OF THE HMI ON Magnet o- Resi stive Effect Thin-Film Magnetic

BACKGROUND OF THE I NVENTION This invention relates to a magneto-resistive
effect thin- filmmagnetic head which has a magnetic |ayer exhibiting a
magnet o-resi stive effect of being chanaed in resistivity by a recording
magnetic field froma nmagnetic recordi /g nmedi um and which is configured for
detecting changes in resistance as a pl ayback output voltage. In keeping up.
with devel opment of small-sized | arge-capacity hard di sc devices, there is
an increastbR den®HE foVEXTION | - sized hard disc device with a dianeter of
the order of e.g., 2.5 inches, as a possible application of the hard disc
devi ce tdagnpbotBbbéstanputdif eeteMhlinHFadm MaygarettiiculHeradyy a not ebook-t ype
per sonal conputer. VVth the snall-5|zed hard di sc, since the velocity of

t he r ecoBACKGRAHL NG fependi ng on the di sc dianeter, the

pl ayback output is decreased mnth t he conventional induction nagnetlc head
whose pl aybackPd§t piyenEpendsedpsnst ke 9emesn9900reﬁhétﬂé@oeéﬂﬁghnahnmn

t hus frust&atlng further attenpts in
_ m magnetic head which has a magnetic layer ‘exhibiting a

magneto—resistive effect of being changed in resistivity by a
recording magnetic field from a magnetic recording medium and
which is configured for detecting changes in resistance as a
playback output voltage.

In keeping up with development.of small—-sized large—capacity
hard disc devices, there is an increasing demand for a small-
sized hard disc Qevice with a diameter of the order of e.g., 2.5
inches, as a posﬁible application of the hard disc device to a
portable computer exemplified in particular by a nbtebook—type
personal computer.

With the small~sized hard disc, since the velocity of the
reeording med{um is decreased.depending on the disc diameter, the
playback output is decreased with the conventional induction
magnetic head whose playback output depends upon the velocity df
the recording medium, thus frustrating further attempts in
increasing the recording capacity.

On the other hand, a magneto-resistive effect thin-film
magnetic head (MR head), in which changes in resistence of a
magnetic layer having the magneto~resistive effect of being

changed in réeiSti?ify by the .magnetic field are designed to be



i ncreasi hg the recording capacity. On the other hand, a magneto-resistive

effect thin-filmnmagnetic head (MR head), in which changes in resistance
of a magnetic |ayer having the magneto-resistive effect of being changed in
resistivity by the magnetic field are designed to be 2 detected as a

pl ayback out put voltage (MR el enent), Has such a feature that its pl ayback
out put is not dependent upon the velocity of the recording nediumand a
hi gh pl ayback output can be obtained even with the |ow velocity of the

recor di nge pPedi B o TNy ph RS bNRKNS4 put a,g,tﬂt%%té Nratd 1990 d D) 2 tic

head capable of realizing a l'arge recording capacity wth t'he small- sized

hard di sgeafilifpe MRHdY Nitk! BBAshdis sUeBud Playhaek d8gesdést heddnvhigd
exploits the so-called nagneto-resistive effect in which the value of the

el ectri cabéloestgtafncthé sredangengbyed bémangd ca bigi gl epl dyicack r€et pwt Oin

magnetization in a transition netal and the direction of the current

fl owi ng baeokimindthaeves, witht bke low velocity of the recording medium.
Thus the MR head is attracting attention'As'a magnetic head
capable of realizing allarge recording capacity with the small-
sized hard disc.

The MR thin—-film head ig such a playback magnetic head which
exploits thé so—called magneto-resistive effect in which the
value of the electrical resistance is changed by the angle
between the direction of magneﬁizqtion in a transition metal and
the direction of:;he current flowing therein. That is, if the
s@ray magnetic f¥ux from a magnetic recording medium is received
by the MR element, the direction of magnetization of the MR
element is inverped by tﬁe magnetic flux and comes to include an
angle correspaording to the magnetic quantity with the direction
of the curreit flowing in the MR element. Thus the value of the
electrical resistance of the MR element is changed'and a. change
in voltage corresponding to. the change in the electrical
resistance value appears across both ends of the MR element in
which flows the sense current. Thus the changes in the
electrical voltage ma& be read out as a voltage signal for
reading out the magnetic recording.signal. A bias magnetic field
is applied at this time so that the operating point of the MR

element will.correspond to a point of superior 1inearityiof the



stray, magnetic flux froma magnetic recording mediumis received by the MR
elenment, the direction of magnetization of the MR elenent is inverted by
the magnetic flux and conmes to include an angle corresponding to the
magnetic quantity with the direction of the current flowing in the MR
el.enent. Thus the value of the electrichl resistance of the MR elenent is
changed and a change in voltage corresponding to the change in the

el ectrical resistance val ue appears across both ends of the MR elenent in

which fleyssthhReSeMaRgesUMAMtive thUthe ldiete SHENARSznd Dic tHfe A €£L4I CA
vol tage may be read out as a voltage signal for reading out the magnetic

recordi ngfsitpeamax imull as% sEIWIdeL dHalgh icE e MRl @lemdnts, t{HEL SDs t AAL
the operating point of the MR element will correspond to a point of
superi or obitneam byasf polimt. 3 resistance changes relative to the externa
magnetic field and of the maxi num resi stance change of the MR el enent, that
i s an opti munThieadRpshan-fIde kRadhiis- formededd fQPPéFEEHthMRoﬁhéngnthe MR
el ement electrode film or the insulating film on a I.J‘re—set substrate by
a thin film forming techniqué and by etching the thin films by
a photolithographic technique to a pre-set shape. The MR thin-
film lhread has a shield stfructure in which ﬁpper and lower
magnetic poles are arranged as shield matefials for specifying
the gap length for reproduction and for brohibiting unneeded
magneiic fluX'from'being intruded into the MR element.
Specifically, with the so-called vertical MR thin—-film head,
in which the sensSe current flowing in a direction normal to the
direction of track width, an insulating layer, a soft magnetic
layer. and an insulating layer formed of Alf% or Sioz are
. sequentially lﬁyered on a non—magnetié substrate, and the MR-
element is /arrayed on the insulating .layer so that its
longitudinalldirection is perpendicular to its surface facing the
magnetic recording medium (surface of the head on which slides
the magnetic recording medium) -and so that its one end face will
be exposed on the surface of. the head on which slides the
magnetic recording medium. Both end faces of the MR element are
provided with forward and rear electrodes for supplying the sense

current to the MR element, on which an insulating layer formed

of Alf% or SiOz is formed. This insulating layer is sandwiched



el ectrod€ filmor the insulating filmon a pre-set substrate by a thin film
formng technique and by etching the thin filns by a photolithographic
technique to a pre-set shape. The MR thin- filmhead has a shield structure
i n which upper and | ower magnetic poles are arranged as shield materials
for specifying the gap length for reprdduction and for prohibiting unneeded
magnetic flux frombeing.intruded into the MR elenent. Specifically, with
the so-called vertical MR thin-filmhead, in which the sense current
flowing in a direction nornal to the direction of track width, an
i nsul ati hgtwgparthe fufvanbgmet irearagéecanddan i i¥ultdie AgshagsinBol ardrof
A1203 or Si Q2 are sequentially |ayered on a non-nmagnetic substrate, and
the MR el&ndRfengedapr Ries copdudior jfegu &asing thy MR bemephtandt for
| ongi tudi,nal direction . is perpendicular to its surface facing the nagnetic
r ecor di nd"REGSEHPEs fir PL2% 8?g$ﬁ51ﬁe te bk V&n%ﬁ?3??&@?”?W§'na§ﬁe?h8 bias
recordin di and so that.its .one end face wll be osed on the
surface gfntqu%%adgoﬁgﬁ%Qﬁ$%ﬂﬁﬂki?ﬁ%ﬁgﬁﬁﬁﬁmxa%s?bdﬂ?d?ﬁgcﬁehfu YBEER end
faces of of B WRuRLAIRL Aol dl Aeldle Md Mmd ANE LAY heghe £1EChS PLCToLOr
supplying the sense current to the enent, o I C n rnsulatirng layer
fornmed okoh@tfiltu®ingelihle Mk @it i 1insadisul ating layer is sandw ched
Since the MR thin-film head is constructed so that the MR

element is sgndwiched betweeh the upper and lower magnetic poles

the S/N ratio of the playback output and the recording density

may be improved as compared to the head devoid of the upper and

lower magnetic poles.

The above—dgscribed vertical MR thin-film head has such a

feature that thefforwqrd electrode can be grounded for allowing

the sense current to flow in the MR sensor in a direction

verpendicular to the surface of the head on which slides the

magnetic recording medium, so that it is structurally superior

in resistanc¥ against electrostatic destruction. However, the

portion of the MR head lying directly below the forward electrode

represénts a so—called magnetically non—sensitive portion which

is not sensitive to the signal magnetic field from the magnetic

recording medium. With the MR thin-film head, since the signal

magnetic field from fhe magnetic recording medium becomes larger

towards the distal end of the MR sensor, safety against

electrostatic destruction is safeguarded at the cost of reduction

of approximately 20% of the playback output.



4 between the forward and rear electrodes. On the insulating layer is
arranged a bias conductor for facing the MR elenent and for inpressing a

bi as magnetic field to the MR elenent. On the bias conductor is arranged an
insulating layer, on which is |layered a soft -magnetic |ayer operating as

t he upper magnetic pole for constitutig the MR thin-filmhead. Since the
MR thin-filmhead is constructed so that the MR el enent is sandw ched

bet ween the upper and | ower magnetic poles the SINratio of the playback

cutput 21,1 SSRERIR AP P Ryt TBE R RgERTRSEbp, e i

devoi d of the upper above-desc verti cal

MR thi nddddn S les BHCIHAich W Cr 102! £hidBo! At AhGEId OFE Gamh i,

grounded for w ng the sense current to flowin the MR sensor in a
di recti gia e PENdpehbblie ithe $6ffaeRgpltliRe Heedr oo Whi cResbideagt

magnetic recording nedium so that it is structurally superior in

resi st anceg agaivht feugcguogeal AgedesSifelcid Miled HEWEWO! 1ayyB€s on the rear
end of an MR element 101. That is, an intermediate layer 103 for
Ni—Fe plating and a plating layer 104 formed by Ni-Fe plating are
sequentially formed on an underlying layer 102 fdrmed of a high
magnetic permeability soft ﬂagnetic material, such as Ta. The
intermediate layer 103 needs to be provided since the plating
layer 104 cannot be directly fqrmed en the underlying layer 102.
'The intermediate layer 103 may.be used for managing magnetic
anisotropy such that the plating la&er 104- will be grown in
accordance with fhe magnetic anisotropy. The underlying layer
102 operates for assisting in affording magnetic aﬁisotropy to
the intermediate layer 103. _

For assunpning magnetic-.stabiiity for the MR element by
,exploiting shape anisotropy of the flux guide layer, it is
necessary for the flux guide layer to be of a transversely
elongated shape with respeet to the sliding direction of the
magnetic recording mediﬁm, thet'is of such a shape which is free
from corners and in which L1>W1, where L1 and W1 denote the
transverse width and the vertical width of the flux guide layer,
respectively, as shown in Fig.2. However, the flux guide layer
forms a cyclic magnetic domain, as indicated by arrow M, so as

not to generate magnetic poles by itself. If a magnetic wall 105,



porti,on of the MR head lying directly below the forward el ectrode
represents a so-called magnetically non-sensitive portion which is not
sensitive to the signal magnetic field fromthe magnetic recording medi um
Wth the MR thin-filmhead, since the signal magnetic field fromthe
“magnetic recording nedlun1becones largér towards the distal end of the
MR sensor, safety against electrostatic destruction is safeguarded at
the cost of reduction of approxi mately 20% of the playback out put. 5 For

o o PHadEd e AND % 1 18 PR RORE LA 14 rlARIPRO RS Hhe ©
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as two layers on the rear end of an MR el enent 101. That is, an

i nternedifield ayertHOM {otuMb i o gié e angk B pliaid ﬁﬁlérﬁ%ﬂﬁrzem‘htfﬁm by
Ni -Fe plating are sequentially fornmed on an underlying | ayer 102 forned of

a hi gh megmetMR qlemerati 101 yi sofdp idipneihangeat ertitals mustucinglao-Hdiel led

i nternmedi ate | ayer 103 needs to be provided since the plating
Barkhausen noise and inducing an unstable magngtic head
operation. There is also a risk that the magnetic reluctance of
the flux guide layer and the bias magnetic field applied to the
MR element 101 be changed té depart from the optimum bias point
thereby lowéring the magnetic head output. In addifion, it is
extremely difficult to assure a cqnstant magnetized state of the
flux guide 1layer of each thin-film magnetic head, due to
manufacture cons&raints of the MR thin—-film magnetic head, thus
producing fluctyations in the intensity of thé bias magnetic
field from one product to another. | |

Thus, with the MR thin-film head, it is extremely difficult
at-present toﬁsﬁppress the Barkhausen noise and to maintain high

, magnetic heafl output, and thus a method is searched for possibly
avoiding these inconveniences.
OBJECT AND SUMMARY OF THE INVENTIO&

It is therefore an object ‘of the present invention to
provide é MR thin—-film magnetic head whereby it becomes possible
to substantially eliminate generation of the Barkhausen noise,
develop an extremely high output, suppress fluctuations in
various head chargqteristicé from product to product- in the

course of manufacture and to improve the yield and operational



| ayer. 104 cannot be directly formed on the underlying |ayer 102. The

I nternmedi ate | ayer 103 may be used for nanagi ng nagneti c ani sotropy such
that the plating layer 104 will be grown in accordance with the magnetic
ani sotropy. The underlying |layer 102 gperates for assisting in affording
magneti c ani sotropy to the i nt er medi at é | ayer 103. For assum ng nmagneti c.
stability for the MR elenent by exploiting shape anisotropy of the flux
guirde layer, it is necessary for the flux guide |ayer to be of a

transver @l o iangat ed ghae Mty respect to the sliding direction of the
magneti c recording nmedium that is of such a shape which is free from

corners and i IThshimdesdrit-Winvahetionlisanrtd féktdenote &heeaghatovaesd swidich
and the vertical width of the flux guide |ayer, respectively, as shown in
Fig. 2. Hefdieert, thintfikmgumagndtdywer héadns MR cylincf himndteiact)donav img aa
indicated by arrow M so as not to generate magnetic poles by itself. If a
magnet i c Mggdnetigs layers iirisdudad fiormete by @ ithimagridm & odaviaien teichindagied| y
noved by the . Lo
(MR element) and which is changed in resistivity by the magnetijc
field. The MR thin-film magnetic head detects changes in
resistance as a playback output voltage. The present invention
is mainly concerned with a go—called vertical MR fhin-film head
in which the magnetic layer having the magneto—-resistive effect
is provided in a di?ection perpendicular to the sliding direction
of the magnetic recording medium and the forward and rear
electrodes are formed at the upper and lower portions in the
longitudinal diréction of the magnetic layer, with the sense
current being supplied to the méénetic layer‘in a direction
perpendicular to the track width direction. -
The mﬁggﬁfo—resistive effect thinffilm magnetic head
, includes a m@gnetic layer exhibiting a magneto—resistive éffect,
and a flux guide layer of a high magnetic permeability soft
magnetié material, formed at one end of the magnetic layer,
wherein, according to the present invention, hard films operating
as permanent magnets are formed on both eﬁds of the flux guide
layer. |
The flux guide layer is formed of a Ni—-Fe based alloy or a

Co-Zr based amorphous alloy. The hard films are fofméd_of’ a

material selected from the group consisting of Co-Pt based



magnetic'field generated by the sense current, bias magnetic field or the
di sturbing magnetic field, the nagnetized state of the MR elenent 101 is
rapi dl y changed, thus producing so-called Barkhausen noi se and i nduci ng an
unst abl e nmagneti c head operation. There is also a risk that the nagnetic
rel uctance of the flux guide layer and &8 he bias nmagnetic field applied to
the MR el enent 101 be changed to depart fromthe optimum bi as point thereby
| owering the magnetic head output. In addition, it is extrenely difficult
to assure a constant magneti zed state of the flux guide | ayer of each

thin-fil iyt i COREERd, acﬁféitelhaﬁafa&"ur@ c‘b‘?’n%?‘i‘ala'rjrtl§5’(§f ¥ KR PBSEdfi | m

magneti c d, thu rodUC|ng fluctuations in the intensity of the bias
nagneth:%?i%%ff?qg;{; %duct to another. Thus, with the MR thin-film

head, it is expyomg xxdgg,tac § o 7b-PHSSCR 00 SURRY G55 b PReKhRUSgY o s

and to nalntaln outpu and t us a ne earchéd
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INVENTION It 1s therefore an object of the present i-nvention to provide a

MR thin-fidyaspgnetic head whereby it becones possible to substantially
el i m nate generation of the Barkhausen noi se,

With the MR thin-film head of the present invention, hard
films, operating as permanent magnets, are formed on both ends
of the flux guide layer wﬁich is formed of a high magnetic
permeability soft magnetic material and which is formed at an end
portion of the MR element. If the hard films are magnetized to
pre~set polarities for impressing the generated magnetic field
in the sliding direction of the magnetic recording medium, there
is produced no 6§clic magnetic domain in-the fiux guide layer,
but a sole magnetic domain is formed, with the magnetic field
emanating from one of the hard layers and reaching the opposite
hard layer. Thus there is hardly produced a magnetic wall in

. the flux guide layer thus suppressing the generation of the
Barkhausen noise due to magnetié wall movement and concomitant
unstaBle magnetic head movement or lowering in the magnetic head
6utput.

Since the Barkhausen noise is hardly produced, the MR head
has an extremely high output, such that it becomes possible to
.suppress fluctuations in head performance from product to product
for improving the product yield and operating reliabilfty.

BRIEF DESCRIPTION OF THE DRAWINGS -



devel op an extrenely hi gh output, suppress fluctuations in various head
characteristics fromproduct to product- in the course of manufacture and
to inprove the yield and operational 7 reliability significantly. The
present invention is directed to a magneto-resistive effect thin-film
magneti ¢ head (MR thin-filmhead) havithg a nagnetic | ayer which is forned
by a thin-filmform ng technique (MR el enent) and which is changed in
resistivity by the nagnetic field. The MR thin-filmnmagnetic head

det ect change i n, resistapce a pl ayback out ol tage, The present
inventison is ﬁégnﬂly ’C%n(s?':afﬁﬁ SRe ﬁca g’bq %T?%‘dtg%‘?u* c\éﬂ'el\‘?hgtsﬂlo?’f-lf’ﬁlon?}isﬁ%ad

o ChoLREIRARELLC e MOYLEM 1P TROTERS. el LSaf! ol S R CY!

I on" per pen ar to ing dire gnetic

' ecordi ngofvdhbabaRg R thehRE dndRdeheRk cChegly.0des are formed at the
upper and |lower portions I1n the longrtudinal direction of the nagnetic

ljfiyeri With thegsanse ULERBhabeENP1EHPPEERIshOwiHE TRENEHASL Y Lok No R
e IOzhe vicinity of each hard film and the fluinguide layer. |
Fig.3 is a schematic cross—-sectional view showing a MR thin-

film magnetic head according to a preferred empodiment of the

present invention, with thefupper magnetic pole being removed.

Fig.4 is a cross—sectional view showing the construction in
the vicinity of the flux guide layer.

Fig.5 is a schematic plan view showing the construction of
the vicinity of gpch hard layer and £he flux guide layer.

Fig.86 1is a?fschematic crossfsectioﬁal view showing the
construction of the vicinity of each hard layer and the flux
guide layer.

Fig.7 is &' schematic plan view showing another example of

, the constructfion of the vicinity of each hard layer and the flux
guide layer.

Fig.8 is a graph showing characteristics of magneto-
resistive effect.

" DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodimeﬁts of the
magneto-resistive effect thin-film magnetic head (MR thin-film
magnetic head) according to the present invention will be

explained in detail.



perpendi tular to the track width direction. The nagneto-resistive effect
thin-film nagnetic head includes a magnetic |ayer exhibiting a

magnet o-resi stive effect, and a flux guide |l ayer of a high nagnetic
pernmeability soft magnetic nmaterial, formed at one end of the nagnetic

| ayer,. wherein, according to the presd® invention, hard filns operating as
per manent nmagnets are forned on both ends of the flux guide |ayer. The fl ux
gutde layer is formed of a Ni-Fe based alloy or Co-Zr based.anorphous
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an underlying layer forned e.g., of Ta or i n view of adhesion of the
flux gui dgrlkeye(MRWidndde 1Wthbl1lﬂgf i‘cmlhﬂf:gﬁi fd it piesenionN¥LBEHh@Dnghar d
perpendicular to a surface of the-head alqﬁg which slides a
magnetic recording medium a is sandwicﬂ;d. between a lower
magnetic pole 2 and an upper magnetic pole 3, as shown in Fig.3.
That is, the MR thin-film magnetic head is constructed as a so-—
called vertical thin-film mégnetic head.
Sﬁecifically, on a non-magnetic substrate 11 of Alf%— TiC
ié formed, via an insulating layer 12, the 16wer magnetic pole
2 formed of'Ni—Fe, as a shield magnetic film. On the surface of
the lower magnetpc pole 2 is deposited an insulating layer 13
formed of Al,O,. |
Onlthe upper insulating layer 13 is formed the MR element
1. An insulating layer 14 of SiO2 is formed at a pre—set portion
in the vicinity of the .MR element 1, on.which is formed, via an
, insulating J}¢giyer 18, a bias conductor 15, as a component part
of the MR element 1, for impressing a bias magnetic field to the
MR element 1. On the bias conductor 15 is formed an ipsulating
layer 16 of SiOz, on which the upper magnetic pole 3 is formed by
a magnetic film of e.g., Ni-Fe for constituting the MR thin-film
head.
The depositing position and the pattern of the bias
conductor 15 may be‘of a variety of configurations, such as a

two—layer or spiral configuration. A permanent magnet film may



filnms, operating as permanent nmagnets, are fornmed on both ends of the flux
gui de layer which is fornmed of a high magnetic perneability soft nmagnetic
material and which is formed at an end portion of the MR elenent. |If the
hard filnms are nmagnetized to pre-set polarities for inpressing the
generated nagnetic field in the slidingtHirection of the magnetic recording
medi um there is produced no cyclic nagnetic domain in the flux guide

| ayer, but a sole magnetic domain is forned, with the magnetic field

emanat | ng ) §r0BL DR, Dby LRE; HArchd Yk AN Had " faklis e 0BPRELLE PRRMoLAYer

Thus there is hardly produced a nagnetic wa ux gui de l[ayer

thus suppgessird@nithe generation of the Barkhausen noi se due to nagnetic
wal | nmovenent and concomitant unstabl e nagnetic head novenent or | owering

in the magnet mhehents Wld Pirig Papeest Ne3 Bahhausemayoisl s | Behafabimed of
produced, the MR head has an extrenely high output, such that it becones
possi bl e berydudmme ox ifdeu oiru atlivorisum nicad degr fior neteesl fofomlpdoductsS Q). .
product for inproving the product yield and operating reliability. BRIEF
DESCRI PTI ON' OV ithEtbrARPRE@8—described MR .thin—-film head, thé MR element
is arrayed so that its longitudinal direction is perpendicular
to the surface of the head facing the magnetic recording medium,
that is the surface of the Héﬁd along which slides the magnetic
recofding mediqm a, and so that its one end face is exposed on
the surface of the head along which slides the magnetic recording
medium a. At the end portion of the MR element 1, towards the
surface of the hgad along which slides the magnetic recording
medium a, and a.'portion spaced a pre-—set distance therefrom,
there are respectively formed a forward end electrode 17a, which
is an electrode formed by an electricaily conductive film, and
a flux guide layer 17b, which is similarly an electrode formed
by an electrfcally conductive film, and which also operateS'as
a rear end electrode. The forward end electrode 17a and the flux
guide layer 17b are. formed for flowing the sense current along
the length of the MR element 1, that is in a direction
perpendicular'to the surface of'the head along which slides the
magnetic recording medium a. That is, the MR élement 1 and the
insulating layer 18 are sandwiched between the forward end

electrode 17a and the flux guide layer 17b. With the above-

described MR thin-film magnetic head, a region of the MR element



9 Fig.1is a schematic cross-sectional view showi ng the construction of the
-vicinity of the flux guide layer in a conventional MR thin-fil mmagnetic
head. Fig.2 is a schematic plan view showi ng the construction of the
vicinity of each hard filmand the flux guide layer. Fig.3 is a schematic
cross-sectional view showing a MR thind2fil mnagnhetic head according to a
preferred enbodi nent of the present invention, with the upper magnetic pole
being renoved. Fig.4 is a cross-sectional view show ng the construction in

the vicipity of the fl i.d . Fig.5 i henptic plan vi

Showi ng 1 HRSEDRER, Beierol i ot OF hftt §dk R TR | ByoPREnd e Hfx
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Fig. 7 is.gspshpyBtiespLaR Vi ew showi ng anot her exanple of the construction
of the vT%?n%ty of each ﬁard | ayer and the flux guide layer. Fig.8 is a

graph show ngrgbaraekerisiaés 18y eFINPt Qs formed by. sputtering on an .
underlying layer 21 of Cr and Ta using a Cb;Zr based amorphous
alloy as a material for sputtering, as shown in Fig.4. The
material for the flux guide 17b may e.g., be Ni—Fe, it being
sufficient if it is a soft dégnetic material having the initial
magnetic permeability @ of not less than 2000 in the plain coated
state. However, since thé flux guide layer of Ni-Fe cannot be
directly applied by blating on the underlying layer 21, an
intermediate layer needs to be provided between the underlaying
layer 21 and the flux guide layer.

In the present embodimenf, hard films 24, 25, functioning
as permanent magnets, are formed on ends 22, 23 of the flux guide
layer 17b, as, shown in Figs.5 and 6. Tﬁe hard films 24, 25 are
formed of pepsianent magnet materials, such as Co-Pt based alloys,
Co—-Cr based alloys, Sm—Co based_a@loys, Nd—-Fe based allqys or
ferrite, and are formed in a transversely elongated plan
configuration along the sliding direction of +the magnetic
recording medium. The transverse width L1 and the vertical width
W2 of the flux guide layer 17b, where L2>W2, are selected to be
larger than the transverse width L1 and the vertical width Wl of
the flux guide layer 17b, where L1>W1l. i

It is unnecessary for the flux guide layer 17b to be free



resi stive effect. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to the
drawi ngs, preferred enbodi nents of the nmagneto-resistive effect thin-film
magneti c head (MR thin-filmmagnetic head) according to the present
invention will be explained in detail. 10 The MR thin-filmhead of the
present enbodi nent is of such a const r &3ti on in which a magnetic |layer 1

Wi th magneto-resistive effect (MR elenent 1) having its | ongitudinal

di rection extending perpendicular to a surface of the head al ong which
slides a nmagnetic recording nediuma is sandw ched between a | ower
magnet i c Qfol P INGFRY % cppeenkhgnal iy, pose shiovms ghdB it FF82B. ifhatbes,
the MR thin-filmpagnetic head is constructed as a so- called vertical,

thin-fil hitdgietie® nkBXeT shERi PP¥aPry Tt 80 &idieidhet 7ePSubst r §P8YR 1 151
e a0 IR SRR RS EbASehE cls AEL ICLS TRl
the hard film 24 or 25 may be on the order of 100 to 400 nm.

If, with the above—described MR thin—fiiﬁlmagnetic head, the
MR element receives thé stray magnetic flux from the magnetic
recording medium, the di;ection _of magnetizatibn of the MR
element 1 is inverted by thé magnetic flux and comes to have an
angle corresbonding to the intensity of the magnetic field
relative to the direction of the current flowing in the inside
of the MR element 1. Thus the magnetic recording signal may be
read in terms of sthe change in voltage as a voltage signal. A
.bias magnetic fiéld Ho is impressed at this time so that an
operating point A of the MR element corresponds to a point of
superior linear;ty' of changes in resistance relative to the
external magngﬁic figld H and of maximum amount of change of the
resistance Rgbf the MR element, that is the optimum bias point,
as shown in Fig.S. If the sense purrent is supplied in this
manner to the MR element 1, the input magnetic signal field AHs
may be taken out as a voltage output AVs with changes in
resistance AR,. -

Thus, with the MR thin—film.head, the hard films 24, 25,
operating as permanent magnets, are formed on one end of the MR
element 1, herein on both ends 22, 23-of the flux guide layer 17b

of a high magnetic permeability soft magnetic material formed



the J] ower magnetic pole 2 is deposited an insulating |ayer 13 fornmed of
[err]. On the upper insulating layer 13 is fornmed the MR elenent 1. An
insulating layer 14 of [err] is forned at a pre-set portion in the vicinity
of the MR elenent 1, on which is forned, via an insulating |layer 18, a bias
conductor 15, as a conponent part of th® MR elenent 1, for inpressing a

bi as magnetic field to the MR elenent 1. On the bias conductor 15 is forned
an insulating |ayer 16 of SiQ2, on which the upper nmagnetic pole 3 is
formed by a magnetic filmof e.g., Ni-Fe for constituting the MR thin-film
head. Theimebbareewglpoastibe apart Radpatestsode -t ABali 4§, cdfdtdxeorhasi my
be of a variegzlof configurations, such as a tmn-ga%gr Qr. spiral

conf i gurbt1Bh.2% ﬁf?_r FERRLERBGHRED randnthgy maBngitds baepteEantated of
and 12 nhg SPEDTRE 1By i ovl B 9 fRe Sk b HRSRe TRl ng cac
of [err]mgﬁiLﬁfrdhere is produced no. cyclic magnetic,domain on the flux
guide layer 17b, but a unidirectional magﬂ;tic field emanating
from the hard film 24 and reaching the hard film 25 ié'generated,
such that the flux guide layer 17b presents a sole magnetic
domain. Thgs there is scaréely produced a magnetic wall on the
flux guide layer 17b, so that generation of_thg ﬁarkhausen noise
due to movement of the magnetic wall is suppressed for thereby
suppressing the resultiné unstable magnétic head movement or the
lowering in the magnetic head output.

For fabric&éing the MR thin-film head, a pre-set resist
paﬁtern is formed via the insula?ing'layer 12 on the non—magnetic
suﬁstrate 11 formed of Alf%. The lower magnetic pole is then
formed by e;gg; ion beam etching as a ﬁagnetic film of Ni-Fe.

On the fower magnetic pole 2 is layered an insulating layer
13 on which the MR element 1 is_formed. That is, Ni-Fe is
sequentially layered on the insulating layer.13 by a thin f?lm
forming technique, such as sputﬁering or vacuum deposition. The
MR element 1 thus fofmed is patterned to the shape of the MR
eleﬁent 1, using a photoresist, and etched to a required shape.

The insulating layer 14 then is formed at a pre—-set position
in the vicinity of the MR element 1, and an electrode hole, not

shown, serving for forming the flux guide layer 17b, which is



Wth.the above-described MR thin-filmhead, the MR elenent is arrayed so
that its longitudinal direction is perpendicular to the surface of the head
facing the magnetic recording nedium that is the surface of the head al ong
whi ch slides the magnetic recording mediuma, and so that its one end face
i s exposed on the surface of the head 4Pong which slides the magnetic
recordi ng mediuma. At the end portion of the MR elenent 1, towards the
surface of the head al ong which slides the magnetic recordi ng nediuma, and

a portion spaced a pre-set distance therefrom there are respectively
forned aYFEAWBIAVLhnePRELY ot Uhey fodmiead rRdaplerbEedede’s AN dhByraAT

el ectrically conductive,film and flux, guide | gyer .17k, which is
sinilarl?ngnegFg fP88e fﬁrﬁ@ﬂmﬁa‘aﬁr%ﬁ%cigicﬁﬂqﬁfﬁ§ d&b?ﬂﬁéthPﬁ%e3n5°ﬁhich
al so_oPeLales 130 22 L83l e Alechiade s The, Lor uard. €nd el egtLode, 18,00

the flux gui | ayer b ar or e or” fI'ow ng € sense curren g the

| engt h Ot.xfsti%pg M%&Lﬁtm%h&m{xﬁi%ﬁ%geglﬁﬁ rfﬁﬂ%d%%f&fe%gﬂj sehec:.é&e §BA

surface of the head al ong _ e magnetic.recordi ng medi um a.
That is, ekhaiMg eREEPNod Bhidle dHSW1akithdedltBle 160 & @ reardw gge@er\z}vt ]

between the forward end el ectrode 17a and the flux guide layer 1
t he abovanddeubsdy@@nVR yt iihe fidsns®mangtdc icathmovddgi on of the MR el enent

On the MR element 1, the bias conductor 15., with the
interposition of the insufating layer 18, the forward end
electrode 17a and the flux guide layer 17b, formed of W, Ti and
Mo, are formed by sputtering followed by RIE. The hard films 24,
25 are magnetized in the direction indicated by arrow N in
Figs.s or 7, thay¥ isgin the sliding direction of the magnetic
recording mediumfffor magnetizing the flﬁx guide layer 17b with
a sole magnetic domain as indicéted by arrow N.

After subsequently forming the flux guide layer 17b, the
hard films 24, 725, operating as permaneﬂi magnets, are formed on
both'ends.Z%$ 23 thereof. That is, a resist layer is formed by
coating a resist and trimmed io a_pre—set.shape using a mask.
Subsequently, the hard films 24, 25 are formed by sputteringl
followed by RIE, as in the case of forming the forward end
electrode 17a and the flux guide layer 17b.

On the forward end eléctrode i7a, flux guide layer 17b and
the hard films 24, 25 is formed the insulating layer 16 on which

a Ti-N-Fe film is formed by sputtering as an underlying layer for

plating. A pre-set resist frame is formed and Ni~Fe is formed



12 1.defined between the forward end el ectrode 17a and the flux guide.layer
17b of the MR elenent 1 exhibits the magneto- resistive effects. The flux

gui de |

ayer

17 is forned by sputtering on an underlying |ayer 21 of C and

Ta using a Co-Zr based anorphous alloy as a material for sputtering, as

shown in Fig.4.

The material for thel®l ux guide 17b may e.g., be N -Fe,

it being sufficient if it is a soft nmagnetic material having the initial
magnetic perneability [err] of not |ess than 2000 in the plain coated
state. However, since the flux guide |layer of N -Fe cannot be directly

appl i ed

y platiing-onThige resdeit firagel dgeremavednandt ar nediatelisafermadeds

to be provided between the underlaying layer 21 and_the flux guide |ayer.
In the pr@sén®Pr&mssdi rdifpe Bt $1Psedvent by rempeed BY nyehisebehhasefpr

magnet s,
in Figs.
mat eri al

are fqr.ned,on ends 22, 23 of the flux guide |ayer 17b, as, own
5t oF 1h 5 TR FRORr | haeBat Loshale § of A e RBPYEBROCRRRRCERS
R 45035 1P e AP L d 1. .

By suitably adjusting the amount of mégnetization of the
hard films 24, 25 from one MR thin film head product to another,

at the time of magnetization, the magnétic permeability u of the

"flux guide layer 17b may be'édjusted from one MR thin film head

to another, thus enabling fluctuétions in the bias efficiency and
signal magnetic field engagement effects to be eliminated from
one product to another; The result is the significantly improved
product yield and-operational reliability.

The presentfinvention is not limited to the above—described
embodiments. Thus the material, shape or size of various
components may be optionally selected without departing frdm the
scope of the-iinvention. For example, although the above
description.ﬁés been made of the vertiéal MR thin-film head, in
which the MR element 1 is provided_in a direction perpendicular
to the direction of sliding of the magnetic recording medium and
the forward end electrode 17a and the flux gpide layer 17b are
formed at the upper and lower portions in the-longitudinal
direction of the MR element 1, the present invention may.aléo be
applied to a fransverse MR thin-film head in which the MR element
1 is arrayed in a direction parallel to the sliding direction of

the magnetic recording medium and the electrodes are arrayed on



Co- Cr. based all oys, Sm Co based all oys, Nd-Fe based alloys or ferrite, and
are formed in a transversely elongated plan configuration along the sliding
direction of the magnetic recording nedium The transverse width L1 and the
vertical width W2 of the flux guide IaY 17b, where L2>W2, are selected to
be larger than the transverse width L114nd the vertical width W of the
flux.-guide | ayer 17b, where L1>W. It is unnecessary for the flux guide

| ayer 17b to be free 13 of corners as conventionally, as shown in Fig.5.
That is, the flux guide |ayer 17b may be rectangul ar_in sha as shown in
Fig. 7. T Hams Flpppnpfhreﬁnb%%gbvu@h@ahakr@aw@m%fyetrhelm? £haneRs hand

film24 b h der of 100 00
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layer films of Ni-Fe/Cu or Ni-Fe—-Co/Cu are formed as multiple

layers.



relative to the direction of the current flowing in the inside of the MR
el ement 1. Thus the nmagnetic recording signal nay be read in terns of the
change in voltage as a voltage signal. A bias magnetic field Hb is

i npressed at this tine so that an operating point A of the MR el enent
corresponds to a point of superior linearity of changes in resistance
relative to the external magnetic field H and of maxi mum amount of change
of. the resistance [err] of the MR element, that is the optinmum bias point,
-as shown in Fig.8. If the sense current is supplied in this manner to the
MR el emeWAT IShELARYMEP BB¢gnetic signal field [err] may be taken out as a
voltage output [err] with changes in resistance [err]. Thus, with the MR
thin-filk heall, tHRENeIrTasimtive 28ffepbr atitigizid [9er nEABREt hagndtead ar e
formed on one.,end of the MR elenent 1, herein on both ends 22, 23 of the
fl ux QU|ﬂ%mPﬁ§7§Fn§7b of a high magnetlc perrreabl lity soft magnetlc mat eri al

formed 14 21 MU A0EOUH Yo A% % 1153 & SaghEt ”9@2151*‘9& Lfredd; iRy hard
a flux guide layer of a high magnetxc permeability soft
magnetic material, formed at one end of the magnetic layer;
wherein the improvement comprises
hard films operating d% permanent magnets formed on both
ends of the flux guide layer.

.2. The'magneto—resistive effect thin-film magnetic head as
claimed in claim 1 wherein the flﬁx guide layer is formed of a
Ni—-Fe based alloy or a Co-Zr based amorphous alloy.

3. The magnetgiresistive effect thin-film magnetic head as
claimed in claim 1 wherein the hard films are formed of a
material selected from the group consisting of Co-Pt Dbased
alloys, Co-Cr based alloys, Sm—Co baéed alloys, Nd—-Fe based
alloys and feéerrite.

4.. The magneto~resistive effecp thin—-film magnetic head as
claimed in claim 1 wherein the flux gﬁide layer is formed via an
underlying layer.

5. The magneto-resistive effect thin-film magnetic head as
claimed in claim 4 wherein the underlyiﬂg layer is formed of Ta
or Cr.

6. The magneto—resistive effect thin-film magnetic "head as

claimed in claim 1 wherein the magnetic layer exhibiting magneto—

e
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films 24; 25 are magnetized and the magnetic field thus generated is
applied in the sliding direction of the nagnetic recording nedium there is
produced no cyclic magneti cdomain on the flux guide |layer 17b, but a
uni directional magnetic field emanating fromthe hard film 24 and reaching
the hard film25 is generated, such the® the flux guide layer 17b presents
a sole nmagnetic domain. Thus there is scarcely produced a magnetic wall on
the flux guide |ayer 17b, so that generation of the Barkhausen noise due to
movenent of the ragnetic wall is suppressed for thereby suppressing the
resul ti ngrehsthbre afkprt ks We%ﬁmfgewerﬁ A e AMHRATRAPY I W T reyridie ¢
head outpu{, FordIabricatin the MR thin;filn1hgﬁd, a pre-set nfsist .
pattern | SLIOIREAIASC TN i A6 UiRR itRETe S TEEH e LYy AT YheRRiR at e
11 formed, o rrl. he,l ower .magnetic _pole is then.forned b : j on
beam et chi néog‘garé rr%tré%e #Ec}é\??%eognﬁli 9F§I.ga@1 ef’ﬁe elqc?\ﬁécrmrfd;egnaert%/cf%ﬁ%leéi At s
| aver ed agpbO5Ubadl ﬂ&%ﬁ%@%ﬁ&@%ianageo%ﬂﬁéeﬂsgae%ihs yhoeped. - That
y Ia )

is, Ni-Fe TS sequentria ered on the rnsulating 'ayer 1 y athin film
form ng technigHe, magald t3S reRYkkGVeNde PFe ¥ACYHUTNASAAN thdine e WBall &PnNt

1 thus formed is patterned to the shape of the MR elenent 1, using a
phot oresi stained efrched die aer eqHéF8EnSheme. flux guide layer is used
' simultaneously as the rear end electrode.
8. The magneto—resistive'éffect thin-film magnetic head as
claimed in claim 1 wherein the transverse width and the vertical

width of each hard film are wider than the transverse width and

the vertical width of the flux guide layer.

TrU




The insulating layer 14 then is formed at a pre-set position in the
vicinity of the MR elenent 1, and an el ectrode hole, not shown, serving for
formng the flux guide |ayer 17b, which is 15 used simultaneously as the
forward end electrode 17a and the rear end electrode, is formed. That is, a
resist is first coated for forming a red@st layer which is then forned to a
pre-set s e u5|n a_mask. The insulating layer 14 is etched by reactive
| ion-etchlnER§NFE9 BSISTLYE REFERE EﬂEﬂrFBgﬂ MAGNETEC HEAR. set pattern and
subsequent%%s&eﬁ ﬁe5|st | ayer is renoved. On the MR el enent 1, the bi as
conduct or ER the interposition of the “insulating |I|ayer t he

f orwar d end,el 7a and t he flux guide Iayer 17b, fornmed of Ti
“and ‘Mo, are forned’{%geespu Feetthye o?%%%‘g ttW“R]fE‘ mrRHg8RgEdcr head E‘H‘\’/Y‘Q‘?%re

magneti zedy phBnklR¢cdilege d_b row N in Figs t hat s
in the sllﬁlﬁggglregtlon ofqgﬁéﬁﬂggﬁgflc %3 or Pnﬁeﬁéalun1fgf% neﬁ

}\1 he flux gpide kayee 1Zhewi b7 a 0l MBI d;%m&@ﬁiﬂﬂ'é?oaﬁteqné)éfn&” ow

material, formed at one end of the.magnetié'layer. On both ends

of the flux guide layer, there are formed hard films operating

as permanent magnets.

Figure 3



After subsequently formng the flux guide [ayer 17b, the hard filns 24 25
operating as permanent magnets, are fornmed on both ends 22 23 thereof. That
is, aresist layer is forned by coating a resist and trinmred to a pre-set
shape using a mask. Subsequently, the hard filns 24, 25 are forned by
sputtering followed by RIE, as in the case of fornlng the forward end

el ectrode 17a and the flux guide |layer1Z3b. On the forward end el ectrode
17a, flux guide layer 17b and the hard filns 24, 25 is fornmed the
insulating layer 16 on which a Ti-N-Fe filmis formed by sputtering as an
underlying layer for plating. A pre-set resist frane is fornmed and Ni-Fe is
f or med 16 by plating. The resist frame is renoved and a resist is forned
to a pre-set shape and subsequently renoved by wet ‘etching for conpleting

t he upper magnetic pole 3. By the above process, the MR thin-filmhead is
conpl eted. By suitably adjustlng the anount of magnetization of the hard
films 24, 25 fromone MR t pad product to anq&?ar
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“at the ti'me of magnetization, the magnetic perneability [err] of the flux
gui-de layer 17b may be adjusted fromone MR thin filmhead to another, thus
enabling fluctuations in the bias efficiency and signal nagnetic field
engagenent effects to be elimnated fromone product to another. The result
is the significantly inproved product yield. and operational reliability.

The present invention is not linmted to2/Re above-described enbodi nents.
Thus the material, shape.or size of various conponents may be optionally
sel ected without departing fromthe scope of the invention. For
exanple, although the above description has been made of the vertical M
thin-filmhead, in which the MR elenent 1 is provided in a direction
perpendi cular to the direction of sliding of the nagnetic recordi ng nmedi um
and the forward end el ectrode 17a and the flux guide |ayer 17b are forned
at the upper and |lower portions in the |longitudinal direction of the MR
element 1, the present invention may also be applied to a transverse MR
thin-filmhead in which the MR elenmep 1 is arrayed in a direction parallel
to the sliding direction 6faGthe magne}ic réBordify me® um and the

el ectrodes are arrayed on 7 178

I~ 14

I— KRR
777777 AN 2

12
I

FIG.3

Yttt e

S NN\ \\\\\\\\\\\\\\‘ ~2

FIG.4



17 eit.her "sides of the longitudinal direction of the MR elenent. In this
case, the flux guide layer and the hard filns are forned at back of the

MR el enent. As the MR element, a so-called artificial giant
magnet o-resi stive effect film in which two- layer filnms of N -Fe/Cu or
Ni - Fe-Co/ Cu are formed as nultiple |ayers. 18 WHAT IS CLAIMED IS: 1. A

magnet o-resi stive effect thin-film naﬁﬁ%tic head conprising: a
magnetic | ayer exhibiting—a = st —and a flux guide

| ayer of a high magnetic pergigbility sofWznagneti c ;aterial, fornmed at one
end of the magnetic |ayel; whérein the i nprovenent conprises hard filns
operating as pernanent nugnet;—12L222_22_22£E~32Ei~2£]?he flux guide | ayer
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2.  .,The'magneto-resistive effect thin-filmnmagnetic head as clained in
claim1 wherein the flux guide layer is formed of a Nl -Fe based alloy or a
Co- Zr based anor phous alloy. 3. The magneto-resistive effect thin-film
magnetic head as clained in claim1l wherein the hard filns are forned of a
materi al - sel ected fromthe group-consisting of Co-Pt based alloys, [err]
based alloys, Sm Co based alloys, Nd-Fetbased alloys and ferrite. 4. The
magnet o-resistive effect thin-filmnagnetic head as clainmed in claim1l

wherein the flux guide layer is forned via an underlying | ayer. 5. The
magnet o-resi stive effecy thrmrfrtmmagmettcead—=as—ct=jnmed in claim4
wherei n the underlying lfayer Fs formed ofyyba or ,!6. The

magnet o-resi stive effectl thinf+mragret+ec—head—as—ctmimed in claim1
wherein the magnetic Iaﬁer expi bi ti ng nmagnet o- 19 registive effect is
arrayed in a direction perpeng t
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sliding direction of*the magnetic recording nmedium and wherein a forward
end el ectrode and a rear end electrode are formed at upper and | ower

I'ongi t udi nal ends of the magnetic |layer. 7. The magneto-resistive effect
thin-filmmagnetic head as clained in claim6 wherein the flux guide
| ayer is used simultaneously as the rear, end el ectrode. 8. The

magnet o-resi stive effect thin-filn1nagne§4% head as clained in claim1l
wherein the transverse width and the vertical width of each hard filmare
wi der than the transverse width and the vertical width of the flux guide
| ayer . - :

AVjor AR |
!

\b

3

AVs,or ARs

N "
. AHs

: ot

Hb

FIG.8



