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TITLE OF THE INVENTION. 

Magnetoresistance-Effect Magnetic Head 

BACKGROUND OF THE INVENTION . 

Field of the.Invention 

The present inyentio~ relates to a magnet~resistance-effect magnetic head that · 

utilizes magnetoresistance effec~ to rea<l: signals magnetically recorded on a magnetic 

recording medium .. 

Description of the Related Art 

Recording/reproducing apparatuses using a magnetic tape· as a recording mediwn, 

such as a .video. tape recorder and a digital data recorder,. ~e known. · In such a 

recording/reproducing apparatus, the magnetic head writes and reads magn~tic signals on 

and fr~m the magnetic tape running in the appaI."atus, while kept in contact with tlie 

magnetic tape. 

Recording/reproducing apparatuses of this type, which use a magnetic type; have. 

·been modified, reduciiig the wavelength of signals to record data :at high-density. To 

aceo~plish high-density recording, ·it is.· at~empted to ·incorporate·. a 

.magnetoresistance-effect magnetic head (hereinafter referred to as "MR head'.')·into. 

recording/reproducing app~tuses that use .a magnetic tape .. This is ·hecau~e :the. 

magnetoresistance-effect magnetic head c~ reproduce signals with high efficiency. 
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The MR head has hitherto been used as a data-reproducing head, mainly in hard 

disc drives. The MR head for use as a data-reproducing head in a hard disc drive has a. 

magnetoresistance-effect element (hereinafter referred to as "MR element") that. has 

magnetoresistance effect. The MR element is exposed at that surface ofthe·MR he~d, . 

which opposes the magnetic disc used as a recording.medium in the disc drive. Thus 

. exposed,-. the MR eJement <!811 ·detec~ the si~;tl magnetic· field emanating·. from the 

magnetic disc. 

The MR head is used as a ·data-reproducing head in recording/reproducing 

.apparatuses using magnetic tape, too. In such arecording/reproduc(ng apparatus, the MR 
. . 

head c~ntacts the.tape·running while the MR head recording data on~ or reproducing data·· 

· from, the tape. The.MR element of the MR head is exposed to the recording medium, i.e., 

. the tap~. As the tape runs, sliding on the MR element, the MR element gradually wears, 

changing the charaqteristics of the MR head gradually. Additionally, the operating 
. . 

reliability of the Ml_l-.head decreases due to the noise made as the tape'rnns in sliding-; 

contact with the MR element. In view of this it is desired that an MR head for use in 

. recordirig/reproduciilg apparatuses·tising magnetic tape should have an ¥R~Iement that. 

-is·not expose<Ito-the magnetic tape, i.e., the_ recording medium .. 

. A so-called .''flux-guiding MR head" has. been proposed as an MR head having-an . 

MR eforilent not expo~ed to the recording medium. The flux-guiding MR head has a 
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flux-guiding element that is made of, for example, soft magnetic thin film. The 

flux-guiding element is arranged,_ with its one end exposed to the recording medium. The 

flux-guiding element c~ therefore guide the signal magnetic field emanating from the . 

recording mediwn, to the MR element. 

FIG. I shows an example ofa fl~x-guidingMRhead.100. As showu in FIG..!, the 

flux-guidingMRhead 100 comprises a pairofma~etic shi~ldlayers 10.l and.102, an MR 
. . . 

element I 04, and a flux~guiding element 105. ~e magnetic shield layers. I 01 and 102 are 

spaced apart:. The layer 102 is positioned above the layer 101, providing a ~ap 103 

between the layers 101 and 1Q2. The MR element 104 and the.flux-guiding element 105 

are:arr.anged.in the gap· 103. The fl_ux-guiding element 105 has one end positioned near· 

.. the surface lOOa of the MR"head 100, which faces the recording m~wn.; Thus, this·~nd · 

of the flux-guiding eleme~t 105 is exposed at the surface_ I OOa.md opposes the recording 

me4ium. The MR element 104 is positioned at a longer distahce from the surface l OOa 

than-the flux-guiding element 105 and is not exposed at.the surface .lOOa.: 

. ·In the t1l1X:-sfilding MR head lOO;the flux-guiding.element 105 guides the signal 

ma8Jl:etic field emanating from the magnetic recording medium, to the MR element 104 .. · ·. 

The resistance o~the MR element 104 varies in accordance with the signal inagnetic field 

guided to the MR elem~t 104. The change in the resistance·ofthe MR eleme~t 104 is 

·detected. as a voltage. ch~ge, whereby a magnetic signal is read from the magnetic 
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recording medium. As described above, the MR element I 04 is not exposed at the surface 

1 OOa that faces .the recording medium and does not contact the recording medium. The 

MR element 104 never wear or make noise while the recording·mediwn,. i.e., tape, is. 

running. Hence, the MR head 100 can read the magnetic signal from the recording 

mediuni, without degrading the operating reliability. 

In the fl'JX-guiding MR head I OD of the structure described aboye, it is desired that· 

·the di~tance .. between the MR element 104 and the flux-guiding element .I 05 be. as short· 

as po.ssible. The shorter the distance, the more efficiently the signal magnetic. ~eld can 

be transmitted from the flµx-guidi~g·element 105 to the MReleme~t 104. The hither the 

. ·field-transmitting effici~cy, th~ greater the magnitude of the output.:Ifthe MR element 

. 104 and the flux-guiding element 105 contact, .however~·a part ·of.the sense . .currentto.be 

supplied to the MR element 1~4 will flow to the flux-gu~ding element 105. To prevent 

the sense current from.: flowing to the flux-guiding element 105, it-is necessary .to space 

th~·MR·.element 104 and the flux-guiding element 105 apart-from ea·ch other by a very · .. 

short distance in ~e flux-guiding MR.head 100 that has the structure specified above.: · · 
. . 

. Agap is·provided between the.MR.element 104 and the.flux-guiding element 105 . 

.in a specific manner. As FIG. 2 shows,.an electrically_insulating-film 106 is formed, · 

cov.ering the MR element 1~4, before the flux-guiding element 105 is.fonned .. Once the 

flux-guiding element 105 is formed, that part of the film 10~, w~ch is deposited on one 
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side of the MR eJement I 04 lies between the MR eJement I 04 and the flux-gliiding 

element 105, spacing.the MR eJement 104 from the flux-guiding element 105. TI1e gap 
. : . . 

between the eJements 104 and 105 is therefore detennined by. the thiclmess of -that part 

of the electricalJy insJJ)ating film I 06. 

Here arises a problem. .It is extremely di_fficult to control the thickness of the 

· . insulating film 106 deposited. on said side of tbe MR eJ~ment 104; with higb precision of 

nanometer order.· In.the flux-guiding MR.head ~OO·ofthe structure described above; the. 

operating. efficiency of the MR ·element 104 will sharply decrease even if th_e distance 

between the· MR element 104 and the fl1:1X-gui~g element 105 changes a little.- In view . 

· · of this., it is considered very difficult. to manufacture, in:.a high yield, fllix-guiding. MR 

· heads that ~generates outi>uts of large magnitude. 

BRIEF SUMMARY OF TIIE INVENTION 

. ~The present_ invention has been made m view of the foregoing.: An· object-of the· 

·invention ._is to ·provide a flux-guiding MR head· ·in: which· the .distance betWeen: the 
. . 

magnetoresistan~-effect element and the flux-guiding element can ·be =controlled with· 

. high.precisfon.and ·which can therefore ge~erate ~large output .. 

: · Amagnetoresistance-effect element and a flux-guidingel~ent cai:l. be spaced apart · 

from ~ach other by forming an electrically insulating fihn between them .. ~t is relatively. 

easy to.controlthe .. thic~ess of the insulating film, as measured~ the-direction of 
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depositing the insulating film. Hence, the distance between the magnetoresistance-effect 
. . 

element and the flux-guiding element can be control1ed with high precisio~ only if the 

elements are fonned at different levels, one overlapping the-other. 

In a magnetoresistance-effect magnetic head of the structure described above, the 

efficiency of transmitting a signal magnetic fieJd from the.flux-guiding element to the. 
. . .... ·:i" . . . 

magnetor~sistance-effect eleinent greatly depends.not only o~ the distanc:e between these 

e]ements-, :but also on the distance for which the eiements ·overlaps each "other. lt.fol1ows . 

that the signal magnetic filed can be very efficiently transmitted from the flux-guiding 

-el~nent to the magnetoresistance-effective element if the distance between-these elements 

and the overlapping.distance thereqf are set at optimal values.· The flux-guiding MR head 

can th~ generat~s a large-magnitude.output. 

A magnetoresistance-effect magnetic he_ad according to the invention has been 

. devised based·-on the ·:finding described above ... The·. flux-guiding -MR head_- has: a 

.mediwn-facing surface and comprises_an.upper magnetic shield layer, a lower magp.etic 

-shield-iayer~ an inter-shield gap, a magnetoresistance-effect element, and a-flux-guiding 

elem~t. The inter-shield gap is provided between the :UPP~ and Iower·magnetic shield 

. fayers. The magnetoresistance-effect elem~t i_s prqvided in the inter-shield gap and-is 

not exposed at the medium-facing surlace. The flux-guiding element has one end exposed 
. . . 

at -.the medium-facing surface.- It guides . ·an external -- magnetic , field . to the 
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magnetoresistance-effect element. lit the flux-guiding MR head, the 

magnetoresistance-effect element is arranged at a different level from the flux-:guiding. 

· element. An electrically insulating film . is . interposed between the 

ma~etoresistance-eff~ct .element and the flux-guiding ~Iement.. That part of the· 

.. magnetor.esistance-effect element which lies close to th~ med~um-facing surface overlaps 

that part of the flux-guiding element wlllch lies· remote :from the.medium-facing surface . 

. The niagnetoresi~ce-effe~t element over~avs the flux-guiding .element for a distance 

that falls within a range of 15 to 25% of the length· of the magnetoresistance-effect 
. . 

·element as measured in a direction perpendicul_ar to the medium-facing surface. 

·The magnetoresistance-effect magnetic head can ·read'magnetic signals: from. a 

magnetic recording medium, while set in contact with the· niagnetic .recording mediwn; 

That" is, the flux-guiding element, which h~. one end exposed. at the medium-facing 

surface,• guides- the·· signal - magnetic field emanating from the:. medium, :to .the . 

. magnetoresistanc»:effect-element, which reads the signals recorded· on the medium, by 

utilizing-its magn.etoresistailce effect. 

The:shorter the distance. between the magnetoresistanc~ffect element and the 

. fll1X-guiding.element, th.e more efficiently the signal magnetic field can be transmitted 

. · ·from the flux-guiding element to the magnetoresistatice-effectelement.. The distance can 

be maintained. short to a precise value in the magnetoresistance-effect ma,gnetic. head .. 



according to the inv~ntion, for the following reason. The magnetoresistance-effect 

. element is arranged at a different level from the flux-guiding element. .Therefore, that 

part . of the magnetoresistance-effect element which lies close to the .medium-facing 

. surface overlaps that part of the flux-guiding .element which lies remote from the 

mediwri-facing surface,. :with the electrically insulating. film i~terposed between. the. 

magnetoresistance-effect· element and the fl~~guiding element. Thus, .the .. distance 

·between. the: elements ,c~ be accurately adjusted, merely by. cont:t"olling' the thiclmess of 

the electrically insulating f:ilm. The efficiency of transmitting the signal magnetic .field· 

from the= flux .. guiding element to the magnetoresis~ce-effect_ element· is thereby 

·enhanced •. Hence, the magnetic heacJ can reproduce ·signals from the medium with high 

.·efficiency. 

The efficiency of transmitting the signal magnetic field from the flux-guiding 

element to the magnetoresistance-effect element depends-upon the distance bywlrich the 

.magnetoresistance-e.ffect: ele~nt overlaps the flux:.guiding'.element. .. In the magnetic 

. head of this inve~tion, the magnetoresistance-effect element overlaps" the· flux-guiding 

' element for .. a distance that .falls within a range of:i5 to.2·5% of.the; length" of ~e. 
. . 

.· magnetoresistance-effect · element as measured in a. direction pei-pendicU.lar. to the 

medium-facing surface .. This increases the efficiency· of transntjt;ting.the.signal magnetic . 

, field from the flux-guiding element to the magnetoi"esistan~-effect element even more. 

8 



The magnetic head can therefore reproduce signals from the medimn with an even higher 

efficiency. 

In the magnetoresistance-effect magnetic head according to· this invention, the . 

magnetoresistance-effe(ft element is arranged at a different level. from the flux .. guiding 

element.· The .part of the magnetoresistance-effect element .which lies.close to,.the 

Jnediwn-facing surface~.therefore, overlaps that part of the flux-guiding element which· 

-.lies ·remote from the medium-facing surface,. with ·the electrically.' .insulating film·: 

. "interposed between the magnetoresistance-effect element and the flux-guiding element. 

Hence, the ·distance between the elements· can be accurately -adjusted, ·merely by 
. . 

controlling the thickness of the electrically insulating mm. The efficiency of transmitting· 

the signal magnetic field from the flux-guiding _element to the magnetoresistance-effect­

element is thereby enhanced. The magnetic head can reproduce signals from the medium 

with high efficiency ... 

. In the·: .. magQetoresistance-effect magnetic .. head . of . the invention, . the 

magnetoresistan~effect element overlaps the flux-guiding·element for a distance that · 

. falls within a range·of 15 to 25% of the length of the magnetoresistance-effect element· 

. -as- measured in a directiqn.perpendicular to .~e medium-facing surface. -This .makes.it·. 

possible. to transmit the .signal. magnetic field from ·the fl~x-guiding. element to .the 

.maguetoresistance-effect. element, even more efficiently; The magnetic head can 
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therefore reprod1:1ce signals from the mediwn with an even higher efficiency. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. I is a sectional view showing a conventional flux-gu~ding MR.element; 

FIG. 2 is a diagram explaining a method of adjusting the distance between the MR . 

. element and flux'-guiding element provided ill the conventional flux-guiding MR element;· . 

. FIG. 3 i~ a perspective. view of the rotary:·fuagnetic:head-device that incorp~rates 

an MR head according ta the present invention; 

FIG. 4 is a perspective view of the MR head according to this invention; 

. FIG. 5 is a magnified, perspective view of the magnetism-detecting section of the · 

·,MR·head; . 

FIG.-6·is a ~ectional view taken along line Xl-~2 shown in FIG.- 5;-. · 

FIG. 7 is a schematic view illustrating the positional relation between the MR 

element and flux-guiding element that are incorporated .in the MR h~d; 

. ,FIG .. 8 is a·graph:representing the relation between the distance between the·MR "· 

·element and the ~ux-guiding element, on_ the one hand; and the flux·density·in the MR 

. element;· on -the .other hand; .: · 

·FIG. 9· is a graph depicting the relation .between the ratio ~f .the ·overlapping 

·. distance.to .the MR height and tbe flux density in the MR element;. . . . 

FIG.· .IO. is. another graph illustrating the relation,_between .the ratio· of. ~e: 
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over]apping distance to the MR height and the flux density in the MR element; 

FIG. 11 is another showing the relation between the ratio _of the overlapping 

distance to the MR ~eight and the flux density i11 the MR element; .. 

. FIG. 12 is a sectional view showing an MR head of another type, according to the 

invention, wherein the MR element is a TMR element~ . 

. FIG. 13 is a sectional view showing 3n MR head of still another type, according t~ 

·the invention, wherein the MR element is arranged above. the: flux .. ~dlng element;· 

FIG. 14 is a sectional view showing an MR head of another type, according to the 

invention, which comprises two flux-guiding element, the second of which is more spaced · 

from the medium-facing surface than the_ MR element; 

··FIG .. 15 is a perspective vi~~ explaining a method of manufacturing an MR head 

of.the invention, showing the first substrate and the lower magnetic shield layer provided 

· on the fust substrate; 

· FIG. 16:is-a perspective View explaining themetho~ of mariufactuiingthe MR head· 
. . 

of the invention, _illus~ting a·groove made in the lower magnetic shield layer; · 

FIG. 17 is a perspective view ex}llainingthemethod ofnianufacturingthe MR head. 

of the invention, depicting the first gap film .proyided on the lo~er magnetic.shield layer; 

. FIG. 18 is aperspe_ctive view explainingthemeth<?d of manufacturing the MR head . 

of the invention, illustrating~ layer formed on the first gap film;. which will.be processed· 
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to provide an MR element; 

FIG.19isaperspectiveviewexplainingtbemethodofmanufacturingtheMRhead ... 

of the invention, showing~ photo resist pattern fonned on the layer that will be processed 

. to pro.:vide an MR element; 

FIG. 20 is a perspective view explaining the method of manufacturing the MR head 
. . 

of the invention,. showing a Jayer formed on ti{~ photo resist patte~ said layer. to be 

processed to provide a pair of bias/electrode layer~;· ... 

FIG. 21 is a perspective view explaining the method of manufacturing the ~Rhead 

of the invention, illustrating the pair ofbias/electrode layers .. embed~ed ina lay~r that will · 

be: processed into an MR element; 

. FIG~.22 is a perspective vi~w explainingthen:iethod ofmanufacturingthe MRhead ·· 

of the invention, showing a photo resist pattern forined on ~e pair ofbias/electrode layers 

and the layer to be processed into the MR ~Ieinenti · 

· .. FIG. 23 is a· perspective view explainiDg the·riiethod of man\ifacturing:the MR head 

of the invention, ~owing the second gap film provided ·on·tbe first gap film 011 which the' 

MR element lies and is connected to the bias/electrode-layers; ... 
. . 

FIG. 24 is a perspective view explaining the method of manufacturing.the MR head · · 
. . . 

of the invention, illustrating a soft-magnetic film w~ch is fonned on the second gap :fihn ... 

and which will be processed into a fl~-guiding element; 
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FIG. 25 is a perspective view explaining the method of manufacturirig the MR head 

oftbe ~nvention, showing a photo resist pattern fanned on the soft-magnetic film that will 

be processed into the flux-glliqing element; 

FIG. 26isaperspectiveviewexplainingthemethodofmanufacturingtheMRhead 

of the inv.ention,:showing a ferromagnetic film whichis-fonned on the photo resist pattern 

and which.wiJI b~ processed.into a pair of bias layers; . 

FIG.-27-is a persp~tive view explaining the method of manufacturing the MR head · 
. . . 

of~he invention, ilJustrating a pair of bias layers embedded in. the soft-magneti~ film to 

be-_processed into the tlQX-guiding element; 

FIG. 28 is a perspective-view explaining the method of manufacturing the MR head · · 

of themventi~n, .showing a ph:oto resist pattei:n formed on the bias .layers and that part of~ · 

the soft-magnetic film on which the :flux-gmding element will be provided; 

FIG. 29 is a perspective yiew explaining the method of manufacturing the MR.head 

of the invention; illustrating a third gap layer: fonned ·on the ·second.gap. layer on .which. 

. the :flux-guiding ~lement is moUJ?.ted and connected"to the· bias layers; . 

. FIG:30isaperspectiveviewexplainingth~metbodofmanufacfiuiqgtheMRhead.; · 

-of.the inventjon, showing an upper magnetic·shield layer provided-on the third. gap fihn; · 

.FIG, 31 is a perspective view expl~ ano$er method of manufacturing an MR 

head .of the invention, showing contact holes made in the second gap film~. 
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FIG. 32 is a perspective view explaining another method of manufacturing an MR 

.head of tl~e invention, iJlustrating the upper electrode provided on the second gap. film; 

F.JG. 33 is a perspective view _for describing another method of.manufacturing an 

·MR head, according to.the present invention, illustrating the contact.holes made in the 

third gap .fihn; 

Flq:. 34 is a perspective view explaiiiing ~~thermethod of manufacturing~ MR 

head, ·a~i:ding. to the present invention, sh~wing· the-.upper. in.agnetic shield layer·. 

·provided on the ~rd gap film; and 

FI~. 35 is a ~erspective view explaining another method of manufacturing an MR 

head;: according to the present invention, showing a pair· of tennin~s that are formed on 

the third gap film.· · 

DETAILED DESCRIPTION OF THE.INVENTION 

: .Embodiments of the. present invention will be descnbed in detail,_ ·With reference .·.­

to the accompanying drawings.· 

the first embodiment of the invention ·is· a magnetoresistance-effect head 

(hereinafter -referred ·to . as "MR head" for.· use : a8 ·.a· ·reproducing. head · in. a . 

recotdmg/i:eproducing apparatus. .Like a video tape-·recorci;er; the· apparatus ·performs. 

helical scanning,.thereby to.records and reprQduces ·signals _on and from a1ilagne~c tape. 
- . 

'As-FIG. 3 ~ows, the recording/repro~ucing apparatus incorporates a rotary 
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magnetic head device l. The rotary magnetic head device l comprises a stationary drum 

2 and a rotary drum 3. The rotary drum 3 is coaxial with the stationary.drum.2 and driven . 

by an electric motor (not.shown). 

111e station~ drum 2 has a tape-guiding groove 4 that.is made in the outer 

circumferential surface. The groove ~ guides a magnetic tape. T wrapped around the 

stationary drum 2 and k~eps the tap~ T in a specific position .. The tap~iding groove . 

4 inclines at a prescribed.angle to a direction perpendicular to the axis of the stationary 

drum 2. The magnetic tape T is helically ~apped. ar01md the outer circu~erential 

surface of the rotary magnetic head device 1, with its lower edge held in the tape-guiding 

groov.e·4. · 

. The rotary.drum~ is mouµted on the shaft of the electric motor·and positioned 
. . 

c"Oaxial. with the electric motor. The motor can rota~e the rotary drum 3. The rotary drum 

. 3 incorporates the MR head_ 1 O.accordmg to this invention;-which is used as reprodu¢ing 

head for.readinginagnetic signals from the magnetic tape T. ·More specifically, a support· 

member (not sho~) secmes the MR head 10 to the rotary drum 3," with·its distalend·(Le., 

me~mn;.facing surface). faces the magnetic tap~· T. The rotary :drum 3 incorpora~s .an_ . 

, . · inductive magnetic head, too. : The inductive head is provided to record magnetic signals.-, . · 

·.on the magnetic tape.T .. The: inductive he~d is not shown. Nor. will it be. described in · 

detail in ·the present specification. 
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The magnetic tape T is guided in the direction of arrow A (FIG. 3) by the 

tape-driving device provided in the recording/reproducing apparatus of helical scan type, 

the tape T is wrapped around the outer circ~ferential surface of the rotary magnetic· 

.: head device .!-.through an angle of, for example, 1~0°. More precisely, the tape Tis. 

wrapped around the rotary magnetic head device 1, along.the.tape-guiding.groove 4 made 

. in the .outer circwnfe~ential surface of the stationkY drum 2. In other words, the magnetic · 

tape-~ .is :helieally wrapped ·around the outer circumfer.ential _surface of the -rotary 

magnetic head device 1. 

To reproduces a magnetic signal from the magnetic tape T in the -recording/ 

reproducing apparatus of helical scan type, the rotary drum 3 is rotate~; with the:magnetic 

. :titpe· T .wrapped .around the outer circumf~ntial -s~ce ~~-the-rotary. m~etic head-. 

device 1. As the rotary drum 3 is rotated, the MR hea~ I 0 of the invention, which secured 

to.the rotary drum3, moves along the outer circumferential surface of t:Qe rotary magnetic:. 
. . 

.~ead device l;-or in the direction of arrow B shown--iri FIG; 3. Thus; the MR·head ·10 . 

· slides on the re~rding. surface of the magnetic tape T wrapped around: the ·outer· 

·circl;iinferenti~- surface ·of the. device l, while moving :along a line-.inclined to· the 
- . 

lengthwise direction of the magnetic· tape T. The-MR.head. I 0 reads the magnetic signal· 

recorded on.the signal-recording suefa.ce of the ·magnetic tape T~ .. 

As shown in FIG. 4, the MR head IO comprises two substrates 11and12, both · 
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made ofhard materials. TI1e first substrate 11 and the second substrate 12 are bonded 

together, one at one side to.one side of the other. A magnetism-detecting section 13 is 

interposed between the first substrate . ll and the· second substrate 12. The 
. . 

magnetism-detecting section 13 is configured to detect signal ·magnetic fields emanating. 

from-the magnetic tape·T .. The upper surface of the first substrate II. and the upper 

. surface oftbe second su"Qstrate 12 are arcuate, defining-a medium-facing surface l Oa that 
. . 

.contacts th~_magnetic tape T: The medium-facing surface_ lOahas a predetermined radius . 

of curvature. ~e magnetism-detecting section 13 is inclined to the direction (8!1"ow B) 

.in which tlie MR head 10 moves, at an.azimuth-angle(:); 

·As FIGS.· 5·and 6 show, the.magrietism-detecting section)l3 has a pair·ofmagnetic 

·.shieldfayers 21.and22,.aninter-shieldgap 23, a flux-guiding element24~ Tlie·sectio:1:1: 13, · 

has a flux-guiding element.24. and a magnetoresistance-effect element 25 (hereinafter 

. referred to as ~~MR element 25"), too. The magnetic.shield fayers 21.-and 22 are spaced 

:apart from each other, the ·form.er lying b_elow the . .Jatter. :The -inter-shield ·gap 23 is· 

provided betwee~ the lower-magnetic shield layer 2 land ~e upper magnetic· shield layer 
. . 

. 22'. .. Both the fll1X-guidirig element 24 and the MR eiement 25. are pr_ovided ·in t~e .· · 

.inter-shield gap 23. ·FIG . .S is a magnified, perspective view of the magnetisni-detecting 

section 13 of the MR head IO, and. FIG. 6. is a sectional view taken ~ong line·Xl-X2 

shown in FIG. 5. 
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The lower magnetic shield layer 21 is composed of a base layer and a soft-magnetic 

fihn. The soft-magnetic film is fonned on the base Jayer. It is about 3 µm thick and made 

.of soft-magnetic material such as Ni-Fe alloy (known as "Permalloy") or Fe-Si-Al allo:y 

(known as '.'Sendust"). The lower magnetic shield Jayer 21 cooperates with the upper. 

magnetic shield layer 22 to.shield the external magnetic field~~ That is, the shield layers 

21 ~d ·22 prevent the extem~ magnetic fields ff~m influencing the signal magnetic field 

. emanating.from the magnetic-tape T. 

In ~e magnetism-detecting section 13 illustrated in FIGS. 5 and 6, the flux~guidin~ 

·eiement 24 lies halfway between the lower magnetic shield fayer 21-and the upper 
. . 

magnetic shield layer-22.- ·The.-MR element 25 lies ·below the flux-guiding element.i4 . 

. · Thatis, 1he_·MR element25 is located n~ar the lowerinagnetic shield layer 21 in the inter­

sJ:,ield gap 23. The MR element 25 is not s~fficiently spaced from the lower magnetic 
. . . 

·shield layer 21 ·to be electric8lly and magnetically ins:ulated :from the. lower magnetic 

·shield layer 2 l. The lower magnetic shield layer 21 has a gi:oove26 positioned below. the. · 

MR element 25, _whereby the MR element 25 is sufficiently·spaced apart ·from the layer 

2 L · This reliably prevents the.signal m~gnetic field conducted; from. the·.flux-gwding 

elemeJ?.t 24.to the MR element-25, from leaking to the lower magnetic shield .. lay~ 21: 

· Additionally, this. prevents the MR element 25 from being- short-circuit to.the lower 

ll18:gnetic $hield layer 21. Therefore, breakdown of the MR .element 25 w.ould not occur. 
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The inter-shield gap 23 is a layer formed on the lower magnetic slrield layer 21 and 

made of non-magnetic, non-conductive material such as Al20 3• The inter-shield gap 23 . 

is composed of three gap .films i3a to 23c laid one·.upon another. The first gap film 23a 

is provided on the lower magnetic shield layer 21. The second gap film 23b is formed on 

the.first gap fihn.23a. The .. third gap film 23c is forme<f on the second gap film 23b. The 

.MR element 25 is-mounted on the first gap film 23a and covered with.the second.gap film 

23b. Th~ flux-guiding element 24 is" mounted on the second gap film· 23b and covered 

with the third gap film 23c. 

The flux-guiding element 24 absorbs the signal magnetic field emanating fro1nthe · 

magnetic tape T ·and efficiently guides the field to the MR-element 25.- The:element 24 · 

is a. layer made: of soft-magnetic material such as an Ni-Fe a11oy and· provided. on the ·· 

second gap" fihn23b that is on~ component of the.inter-shield gap 23. The element 24 has 

.one end exposed at tbe.mediwn-facing.surface lOa,ofthe MR head· 10 •. As-indicated 

above~. the flux"'.'guiding .. element 24 is proVided in the inter-shield ·g1;tp-23 ·andlies:halfWay 

·between·the·low~rmagnetic shieldlayer.21 and the·uppermagnetic shield layer 22. This . 

means ... that the total.· thickness of the first and second gap. films 23a and 23b; both .. 

positioned below the:flux-guiding element 24, is equal to the thickness of the third gap· 

film 23c that lies above the fltµe-guiding element 24. . 

It .is -desired that-.the flux-guiding element 24 should exhibit" such .magnetic· 
. . 
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anisotropy that its easy magnetization axis extends parallel to the medium-facing surface 

· · lOa of the MR.head 10. The magnetic anisotropy of the element 24 is so controlled by 

. one of two. alternative methods. In the first method, soft magnetic material such as an 

Ni-Fe·alloy is deposjted by sputtering in a magnetic field, thus.fonning the flux-guiding 

element 24 .. Jn.the. second method, a film of soft magnetic material, such as -an ~Ni-Fe 

alloy, is.fonned.and then subjected to ~tic.field -annealing (SFA) .. Once its magnetic. 

·anisotropy has been so controlled, the flux-guiding element 24 has a broad dynamic range 
. . 

with respect to the signal magnetic field. 

Th~ flux-guiding element 24 ~ay be electrically connected to the lower magnetic· 

shield layer 2l and.the upper ma~etic shield 1ayer22. ':In this case, the flux-guiding · · 

element 24: and both magnetic shield layers 21 and 22, all exposed at the mediwn-facing . 
. . . 

surface lOa of the MR head 10, are at the s_ame potential. This prevents electrical 

.·short .. circuiting. between·the element 24 and theJayers·21-and 22. ·The MR head 10 
. . 

therefore reads themagnetic.signal only. . . 

· · In the MR: head IO, the flux-guiding elemen~ 24 is exposed at-the medium-fa~ing 

.surface: 1 O~ ·and absorbs the.signal magnetic field. Hence, the width of the flux-guiding.:·· 
. . .. . . 

element 24 detennines the width of the recording tracks ·provided . .on the magnetic tape·· . 

T. 

As shown.in FIG. 5;.two bias layers. 27a arid 27b are corinected to the lateral edges . 
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• 

of the flux-guiding element 24, respectively. These layers 27a and. 27b are provided to 

. apply a bias magnetic field to the flux-guiding element 24. Both layers 27a and 27b have 

.been formed in a particular method. That is, a fi]m of ferromagnetic mate~al such as 

CoCrPt alloy or.the like is fonned on the second gap film 23b, i.e., one component of the. 

_ -inter-shield gap .23. -Then, this fihn is processed into two-layers of a specific shape. As 

the bias ]ayers 27a and 27b apply a bias magnetic _field to the flux-guiding element 24, the. 

·-element 24 has its magnetic -domain stabiJiied. 

The bias layers 27a and 27b are thin layers of, for example, CoCrPt. They are 

· magneti~ed in ~ prescribed clirecti~n in the process of manufucturing the MR head-10. 

Once. so magnetized, the bias layers 27a and 27b. apply a. bias. magnetic· field to the 

·=flux-guiding: element 24.:. 

The MR element 25 has its resistance changed as the external magnetic field 

chariges-in intensity. As mentioned above, the MR elerilen,t25 lies belOw the flux-guiding. · 

element 24. - To be more specifjc, it is provided on ·the first.gap film 23a (i.e:, ·oJ;le: 

component of the inter-shield gap 23), not expos~lat tbe medium-facing surface lOa 
. . . . 

.That erid·par.t ·of the MR element ~5, wh~ch is closer to the medium-facing ·surface 1 ()a 

' . than the other.end part, overlaps that end part ofthe.flux-guidmg element 24, which is 

farth~r from the sur(ace lOa than .the other end part. Nmnely,. the .MR element 25 
- . 

.. _overlaps. the flux-guiding element 24 for a distance S, as.shown in FIO. 6,: with a part of 
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the second gap fi)m 23b in~erposed between the e)ements 24 and 25. 

The MR element 25 is, for example, a GMR (Giant.Magneto-:Resistive) element 

of spin-valve structure, which exhibits a giant magnetoresist~ce effect. ~FIG. 7 shows, 

.the GMR element (i.e., MR element 25) composes an .anti-ferromagnetic .layer 25a, a 

, ma~etized -layer (pin layer) . 25b, a non-magnetic conductive -)ayer . 25c, and a 

magnetjziltion-free fayer (free layer) 25d. The anti-ferromagnetic layer 25a is made of . 

Pt·Mll· alloy or the lik~. The magnetized layer 25b.ls made of Ni-Fe· atioy,.Co, Co-Fe 

alloy, Co-Ni alloy, Ni-Fe-Co alloy or the hlce. The non-magoetic iayer 25c is made of Cu 
. . 

.. or the like. The free layer 25d is made of Ni-Fe alloy, Co, Co-Fe alloy, Co-Ni -alloy; 

Ni-Fe-Co alloy or the like. The bias niagnetic field emanating from the anti-ferromagnetic: 

. layer ~~a determines the. direction iri which. t:J::ie pin -layer :25b is- magnetized: . J;be . 

magnetization direction of the free layer 25d changes in accordance .with the signal 

magnetic. field.· . 

·:The iayers. constituting the GMR element of spin .. valve. structure,' ie.: the· MR : , 

elemenf2?, have_been formed on the first gap film 23a; -one laid upon another in the ·order 

.. tbe}r have be·en mentioned. Thus, the free.layer 25d lies closer-to the. flux.-guiding:elem~nt 
. . . . . 

. . 
. 24 .th~ any other .constituent layers of the GMR element. . 

. . 

. As.FIG~ 5 ill_ustrates, a pair of bias/electrode layers 28a-and.28b. are connected to· 

the lateral ed~es of the MR element 25, respectively •. The bias/electrode layers.28a and 
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28b perfonn two functions. The first function is -to apply a bias magnetic field to the free 

. layer 25d of the MR element 25, converting the magnetic domain to a simple magnetic 

domain .. The second function is to supply a sense current to the MR ~lement 25. The 

bias/electrode layers 28a and 28b have been formed. in a. particular manner. J'hat is, a 
. . 

laminated· film composed of, for example, a CoCrPt.alloy filin, a TiW film and a. Ta film 

is. formed. Then, the. laminated film is process~ into two layers of a specific .shape, 

w~ch are_ magiietically:and electrically colll_lected,-.at one.end, to.:the Jateral edges o(the· 

MR element 25. As shown in FIG. 4, the other end of ~ch bias/electrode layer lies . . . . 

outside the interface· between the first and second substrates 11 · and 12. The 

=bias/electrode layers.28a·and 28b are connected, at the other.end, to two tenninals.29a 

and Z9b, ~espectively. The terminals 29a·and 29b-:are made of electricaJly conductiye. 

material. 

The CoCrPt film included in each of the bias/electrode·.layers:28a and·28b-is 

:-magne~d-in the course of manufacturing the MR head 10 .. · Once·the-CoCrPt fihns are .. 

·magnetjzed,'bo~ bias/electrode layers 28a and_28b work as permanent magnets. Thus, 

1:he layers. isa an4 28b..therefore apply bias magnetic fit:?ldS.to the MR: element·25. 

It is desired that the bias/electrode lay~rs 28a and 28b be -configured to apply bias 
. . 

. magnetic fields ~o the MR element 25 in the widthwise direction ~f the tracks. If the. 

· layer8 28a .. and 28b are -so configured, the. free layer 25d- of the MR element 25 is. 
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magnetized in the widthwise direction ·of the track when no signal magnetic fields are 

.. applied to the MR element 25. Thus, the free layer 25d is magnetized in the direction at 
. . . 

right angles. to the direction in. which the pin layer 25b is magnetized .. The MR element 

25 can therefore achieve a prominent magnetoresistance.effect.· 

. · .. In the M:l_l head 10 it is desired that the bias magnetic fields the bias layers 27 a and 
. . 

27b apply to the flux~guiding element 24 extend in the same direction as the bias magnetic 

.:fields,the bias/electrode layers 28a and 28b apply to the MR element- 25~ .If the bias 
. . ~ . . 

magnetic fields applied to the flux-guiding element 24 extend in the same direction as the 

bias- magnetic field is applied to the free layer 25d of the··MR-element. 25. The 
. . 

flux,.guidingelement-24 can therefore guide the extemalsignal magnetic fields to the MR 

:~le]])ent 25 with hi_gli efficiency .. 

The support member (not s~own), which holds the MR ~ead 10, has a terminal 

section .. To the terminal ·section~ the terminals 29a arid 29b of the MR-·head-10 are· 

· electrically connected .. The MR head I 0 is thereby connected to the·circriit sectfon· of the · · 

recording/· repro~ucing apparatus. The circuit section·ofthe ·recording/ reproducing 

.apparatus supplies th~ sense current to the MR elem~t 25 through the terminals 29a and· · · 
. . 

29b and bias/electrode layers 28a arid 28b. The resistance of the MR·element 25 ch:anges 
. .· . 

. . in S;CCOrdance wi~ the signal· magnetic field. The resistance change· is detected 8$ a 

. voltage change.in the magnetism-detecting section 13. 
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The upper magnetic shield layer 22 is, for example, a 'layer of soft magnetic 

material such as.Ni-Fe alloy, amorphous material such as ZrNbTa, or soft magnetic 

material such as Fe-Si-Al alloy. The layer 22 has a thickness of,. f<?r exmnp1e, about 3 µm 

and is deposited on the flat surface .of the third gap .film 23c (i.e.·~ one compo~ent of the 

inter-shield gap .. 23). The layer 22 has been processed to. have a specific shape. As. 

pointed out above, the upper magn.etic s11ield lay~; 22 cooperates with the lower magnetic 

, -shield layer 21 to shield.the external magnetic fields,"i:e;,.~e magnetic-fields other than 

the signal magnetic field emanating from the magnetic tape T. The upper magnetic shield 

layer-22 is boned to the· second subs~te 12, whereby the MR head 10 of the structure 

shown in FIG. 4 is provided. . 

. · The·MR _head 10 is held by the support member· and ·s~rired·to the· rotary dtum 3 
. . . . .. 

oftherotmymagneticheaddevice 1. When the electric motor rotates the drum 3, theMR 

-head- I 0 ·slides on tlie recording.surface of the magnetic·.t11pe T wrapped around the outer. 

· · circumferential -sllrface' of the devic~ 1, whlle moving alo~g-~ lhie ,incliried.,to, the .. : 

lengthwise direction ·of the magnetic tape T. At this titiie, -the flux:.guiding element 24, 

. which is .exposed at the medirim-facing surface· lOa; absorbs the=signal magnetic.field 

. ema:nating- from -the magnetic -t~pe T and guides the si'snal magnetic field. to the MR 

element 25., The resistance of the MR element 25 changes in accordance with the.signal· 

magnetic field. The resistance change is detected.· as a . voltage. change ·in the:: 
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magnetism-detecting .section 13. Thus, the MR head IO reads the magnetic signal 

recorded on the magnetic tape T. 

. fo the MR head 10 according to this invention; the MR-C?lement 25 would not slide . 

on the magnetic tape T because it is not exposed at the mediwn-facing surface lOa. The 
. . . 

MR element 25 will neither wear nor make noise while r-eading magnetic signals from the­

. magnetic tape.T. Hence, the MR head I 0 can read.magnetic signals from the tape T, with 
. . . 

high .reliabilify~ 

In the MR head 10, the flux-guiding element 24 and the MR element 25 lie at 

differ~nt levels. In addition, one end part_ of the MR element 25, which is closer to the · 

mediwn-{acing surface I Oa than the other end part; overlaps . one ·end part of the· 

flux-guiding element-24, which is farther from the.surface lOa than the·other·end part. 

Further, ·the second gap film 23b is interposed between the elements 24 and 25. 

Therefore, the distance betWeen the elements 24 and 25· Cari be: set at a very sin.all value· 
. . . 

~th high precisioa .This· much enhances the efficiency of transmitting a signal.magnetic .. 

·field from the flux-guiding eiement 24 to the MR ·element 25. · · 

.. .:In· the conventional.MR head, the MR element and the.flux-guiding element are 

:.po~itioned.at the-same level. The distance between these-elements is.therefore the.gap 

between·one·.end of.the MR-element and that end.of.the flux-guiding element which -

opposes srud end of the MR element. Hence, the th~ckness of the electrically insulating 
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film deposited on that end of the MR el~ment detennines the distance between the MR 

element and ~e flux-guiding element. It is extremely difficult, however, to fonn the. 

insulating fihn to a desired· sma11 thickness. The MR el.~ent and. the flux-guiding 

el~ent can hardly be spaced apart, precisely by th~ desired distance, Even if the distance . 

. differs only a little fr.om the desired value,. the efficiency of transmitting a signal .. 

. m~etic.field from.the flux-guiding element to;the MR element ~11 greatly decrease. 

In the MR head 10 of the present in~ention, one part ofthe MR eleinent.25. and one 

part of the flilx-guiding element 24 overlap,. with the second gap ·fihn. 23b interposed 

·between the elements 24 and 25. Thus, the thickness .of the second. gap film 23b 

determines the distance between the elements 24 and 25. Itis reiatively easy'to control 

· tP.e thickness. of the second· gap film 23b. The distance between the MR eleme:t;1t 25 and 

the flux-guiding element 24 can therefore be .set the desired value with high precision. 

AS a result, the.signal magnetic field is transmitt~d·from·the flux-guiding.element 24· to .. 

· · the MR element 25 .with a yery high efficiency.· Indeed, the efficiency .of transmitting the . 
. . 

· signal magnetic f?.eld from the element 24 to.the MR element 25 _inay decrease when the 

=·distance betWeen the element 24 and the ·MR element-25 ·changes. Nonetheless; the· 

.. ·decrea8e in the-signal-transmitting efficiency is far· less.than in the .conventional MR head. . 

. :This.is·because the flux-guiding element 24 .and the -MR eleinent 25 partly overlap each . 

. ·other;·. · 
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The inventors hereof conducted two-dimensional simulation to detennirie the flux 

density in the MR element of the conventional MR head and the flux density in the MR 

element of the MR.head 10 according to the present inyention. In the ~o.-dimensional 

simu1at~on, the distance between the MR element and th~ flux-guiding element was used 

as .parameter, for .both. the conventional MR bead .and the. MR head 10 (the present 

. invention). FIG. 8 is a graph representing the results ·of the two..dimensional simulation 

In· the grap~ the ordinate indicates the flux density .normalized; assum1ng that the· flux 
. . . . . 

density will be 1 if the MR element and the flux-guidmg element contact each other in the 
. . . 

conventional MR head. The abscissa indicates the distance between the MR element and 

the flux-guiding element. In the graph; the solid line depicts bow the flux-density changes 
. . 

in th<? MR e)ement.25 of the MR head l O_, and the broken line shows: how the flux· density 

changes in the ¥Jl element of the conventional MR head. 

.. As.se~n from· FIG. 8, the signal~transmitting efficiency.abniptJy.falls to decreases. 

·the flU?C· .density in th~ MR element in the conventiorial MR head -when·'the distance · 

between the MR_ element and the flux-guiding element changes but a little.:· In the MR 

head 10 according.to this·inventio~ the signai-transmitting efficiency gradually falls as 

. the. distance between the MR element ·25 and the .flux-guiding element.-24 ·increases.· 

.. Obvi<?usly,. the deer~~ of the flux density in the MR element ·25 dec~ases, but fai I~ss · 

titan in the conventional MR head. A practical value for the distanbe between the MR 
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element 25 and the flux-guiding element 24 may be, for example, about 10 run. If the MR 

.. el~ment 25 is spaced apart by 10 run from the flux-guiding elemen~ 24, the flux density 

in the MR element 25 can be raised to 1.5 times the value possible with the conventional 

MR head. This advantage of the MR head 10 over.the conventional one may b~ ascribed ... 

, to. the fact ~at the. flux-guiding .element 24 and the MR elem~nt 25 partly overlap each 

other . 
·-··· ·.~ ~ 

... The-distance S for which the MR element 25 overlaps the flux-guiding element .24 
. . 

greatly influences the efficiency of transmi~g the signal magnetic field fl:om the 

;flux-guiding element· 24 to the MR element 25. Therefore, the -signal-transmitting 

.efficiency can b~- .enhanced. °!JY setting the . distance. S at an optimal value: If the · 

signal~transmitting efficiency is. enhanced, the flux density in the MR element 25 .can.be 

increased to a maximum. The maximum flux density in the MR element 25 depends on 

.. the·distance ·be~een the lower magnetic shield layer 21 ·and the upper magne:tic shield.· 

.. layer-22 .. It depends. also on whether.thegi-~ove26.is made in the lower magnetic shield:_. 

layer 21 or the u~per shield layer ~2. ··Further, it depends on the length (or MR height). of 

,the MR·elemeilt25, ~ ·measur~d in .the:direction.perpendicUlar ·to·the medium-facing. · ··· 

surface l Oa. The.results of ~e two ... dimensional simulation teach that tbe·maximum flux · 

density in the MR element 2S can be nilsed.to ~ maxi1num, provide~ that the overlapping · 

distance S falls within a specific range. 
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The inventors conducted another two-dimensional simulation to determine the 

maximu~n flux density in the MR element 25 . .In this simul~tion, the ratio of the distance. 

S to.the length (or MR height) of the MR eleme~t 25 was used as parameter. FIGS. 9 to 

11 are graphs that show the results of the simulation. -In these graphs, ordinate indicates 

the maximum flux density in the MR element 25, whereas the abscissa indicates the ratio . 

of the distance S to the MR: height. 

·To ·be more specific, .FIG:. 9 shows how the maximum .flux density ·changes. with. 

the ratio of the distance S to the MR height in the .case where the MR height is 3 µm and 

· the l~wer magnetic· shield layer 21 has a groove 26 that is·l ·µm-deep; for various 

. distances by. which th.e·.sbield layers 21 and 22 are spaced apart.--In FIG: 9, the' solid line 

indicates·ho"\V the maximum.fl~ density chang~ when the shield layers 21 ,~d 22 are 

spaced apart by a distance of 0.25 µm. The broken line indicates how the maximum flux 
·. . . . 

density chaI_J.ges when. the shield layers 21 and· 22 -are .spaced··apart by .a distanee :of "0.3 . 
. . . 

· µm. The qne~dot; .dashed line indicates how the"m3?'imuni:flux d~nsify changes when the· 

··shield layers ·21 ~d ~2- are spaced apart by a distance of 0.35 µm. · 

.. F19.; 1 O depicts how the maximum flux deiisitY changes. with. the· ratio· .. of the. 
. . 

overlapping distance. S in the case where the MR height is-3 µl,11 and inter-shield distance 
.. · 

of 0.3 _µm., in two. particular c~es. The solid line indicates how- the maximum flux 

density changes in the case where_the lower magnetic shield layer 21 has a.groove 26 that 
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is I µm deep. The broken line shows how the maximum flux density changes in the case 

. when~ the Jower magnetic shield layer 21 has no groove 26. . 

.. FIG. 11 depicts how the maximum flu~ density in the MR element 25 cl1a11ges·with 

. the ratio of the overlapping distance S in the case where no groove 26 is made in the. lower · 
. . 

magnetic shield layer 21 and the MR height is 2 µm. · 
. . ·.<.c 

As seen from FIGS. 9 .to 11, the maximum flux density .iirthe MR element 25 is 

· ver:y· high if the rt::ttio of the distance ·s to the MR height.is:about.20%, regardless= of : 

whether the groove 26 is made or whichever value the MR height has. As· long as the 

ratio of t4e distance .s to the MR height remains within a range of 15 ·to 25%, the 

.1naximum flux density in the MR elernent25 can be!sufficiently-higb. · 

. · · In the MR he~d.10., wherein· the flux-guiding el~ment 24 and the, MR element-25 . 

partly overlap each other, the efficiency of transmitting the signal magnetic field from the 

· · flux-gujding element24·to the MR element 25 is as high as desired;oniy if the ratio of the 

-distance S t~-the MR height falls within the· range of.15-to25%. Namely, the-operating· 

efficiency of the !\AR element 25 is so high that the MR head: lO·may generate a veiy large · 

. output. 

· · · Th~ MR.element 25 described above is a GMRelement ofspin~valv.e structure that · 

exhibits a giant magnetoresistance effect. Nonetheless, the.MR-elem-enf 25. may .be an. , 

AM~.-. (Anisotropic Magneto-Resistive). element ,that: exhibits·-. an. anisotropic 
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magnetoresistance effect, or by a GMR element of any structure other than the.spin-valve 

structure. Alternatively, the MR e]ement 25 may. be a TMR. (Tunneling 

Magneto.-Resistive) element. Whichever type of an MR element is used, the MR head 10 

can attain the.same advantage. 

If the MR el~ent.25. is an TMR element, the MR head 10 is moqified.as shown· 
. . 

fu FIG.· 12 in order to make _the sense current f1ow. in.a direction perpendicular to the·. 
. . 

surface· ~f.tbe TMR element, . More specifically,. an ·upper electrode -31 .niade of·· 
. . 

electrically conductive material is provided on the second gap film 23b (one component 
. . . 

of the inter-shic;Jd gap 23). The upper electrode-3l"is connected at one end to the upper 

surface of the MR element 25. The terminal. 29a.is mounted on the other end of the upper. · 

· el~ode ·31. :-.In the MR· head 10 of FIG. 12, the first gap fihn·23a:lying immediately· 
. . . . . . 

below the .MR element 25 is made of non-magnetic material such as Ta and function.s as 

.the.lower.electrode. The tennina1-_29b is c~nnected.to one·end of the first gap film 23a:­

·which-is Ijlore· remote than the other end from the mediilm-facing. surface .. I Oa. · .. 

· ·If the MR: element 25 is an TMR element, the-bias/electrode layers 28a and·28b · 

made ·by· processing a laminated · CoC:XPt/fiWffa·.Jay~ or: the like -are replaced. by 
. . . 

insula~ng bias layers made of, for example, Co-y Fei03.- The insulating·bias layers se~e. 

to-stabil~ the operating characteristics of the TMR element. . · 
. . .. 

. The .TMR ·element is an lantjn8:ted film compnsmg, for example, an 
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anti-ferromagnetic Jayer made of Fe-Mn alloy~ a magnetized Jayer (pin layer) made of 

. Ni-Fe alloy, Co, Co-Fe alloy, Co-Ni alloy, Ni-Fe-Co alloy or the like, an insulating layer. . . 
.. 

made of Al20 3 or the like, and a magnetization-free layer. (free layer) made ofNi"'.'Fe alloy, 

Co, Co-Fe ~Joy, Co-Ni alloy, Ni-FC?-Co alloy or the like ... These layers are provided on · 
. . . . 

the fir.sf gap film 23a, one laid upon another in the .order they are mentioned.· The free. . 

layer ·is positioned closer to the flux-guiding el~~ent 24.than any··other layers. : 
. . 

· .. In the-MR head ofFIGS. sand 6 and the MRheadofFIG.·Ji,.theMRe1ement25 

lies below the flux-guiding element 24. Instead, the MR element 25 tnay lie above the 

· · flux. .. guiding element.24 as is illustrated in FIG. 13 .. That is; the M~ element 25 may be 

· located closer to the upper-magnetic shield layer 22 than the "flux-guiding element-24. In 

, this ease, too; the MR head .10 attains the same.advantage·as the MRhead·ofFIGS .. -5 and·· 

6 ·and the MR bead of FIG. 12. Moreover, the magnetic anisotropy of the flux~guiding 

. element 24 can be w.eJI controlled, without thermany-datilaging the MR element 25; even -. 

. ;if the, element 24· is-subjected to heat treatment, s~ch. as annealing, at ·a relatively·high · 

. · temperature. Thi~ is because the MR element 25 is formed after the flux-guiding element · 

= 24.has-.been formed. ·. · 
. . 

.. In the structure of FIG. 13, wherein the MR element 25- lies above the flux-guiding 

· .. element 24, the upper magnetic shield layer 22 ~d-the element '.ts may not be spaced_. 
... . . . . . 

apart by a distance long enough to insulate the. µpper.magnetic shield, layer 22 .and the.· . 
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element 25 both electrically and magnetically. If so, a groove 26 should. better be made 

in that part of the upper magnetic shieJd Jayer 22, which lies immediately above the MR . 
. . . 

element 251 .thereby to provide. a su,fficient gap between the shield layer 22 and the MR 

element 25. If such a gap is provided, spacing the MR.el~ent 25 .sufficjently from _the 

shield Jayer.22, the signal magnetic fie]d.gitjded from the element 24 to the MR.element .. 

25 will. be reliably prevented.from.leaking to the upper magnetic-shield layer 22. This. 

renders.it-possible.to suppress the decrease in the efficiency ofti:a~1srriitting:the signal 

magnetic- field from the element 24 to the MR element 25. In addition, the breakdown of 

·the MR -element 25 can·. be avoided, because the MR element 25 would- not be 

short-circuited to the upper magnetic shield layer 22 .. 

· · 1n:the MRhead·ofFIGS. 5 and 6,-the MR head ofFIG. l2.and the.MR.head of· 

· FIG: 13, one flux-gui~g element 24 is provided near the medium-facing surface lOa. 

·As shown in· FIG. 14, the .second flux_..;guiding element 32 may be provided.at a position 

re~~te·from the medium-facing surface lOa .. The·second.flux-guiding:.element~32'is> 

provided on the s.e~nd gap :film 23b (an electrically insulating film).- It has·one end part · 

which is closer to the surface 1 Oa than the other end part and-which ove~laps that end part.· 
. . . . . . 

of the .MR·element 25 which is farther from· the surface lOa than the other end. part .. 

. : . A,$. indicated. above; the second flux-guiding element 32 one end part overlapping 

that end ·part of the MR eleinent 25 which is farther from the ~ace -lOa than the other·, · 
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end part. The signal magnetic field eman~ting from the magnetic- tape T can therefore be 

_efficiently transmitted to the MR element 25. Furthennore, the second. flux-guiding 

.element 32 can efficiently transmit the· signal magnetic field to the MR element 25 if the 

.ratio of the distance the second flux-guiding_element 32 overlaps the MR.element 25 to 

the MR t1eight falls within the range of 15 to 25%. This enhances the· operating efficiency 

of th~ MRelement.25 and, ultimately~ increas_ertlie output of the-MR h<'.ad.10. . . 

A m,ethod-ofmanufacturing an MR.head 10 according-to·this invention will be 

described. Note that this MR head 10 has an inter-shield distance of0.3 µm and a tack .- . 

width of 5 ·µm;-comprises a G~ ~lement of spin-valve ·structure used as MR element 25 -

. and can record data at the density of 1 Gbit/inch2 
•. Generally» one block is' processed, 

fonning.a number.ofMRheads 10 in the block,.and is.then, cut into pieces, thus providing· 

many fylR heads 10 (FIG.~) at a time~ Nonetheless, the_ method will be explained, with 

. -·refer~nce·to FIG~ -15 to 30, which show only one MR-head,: 

· -As·FIG.-15 sh~ws, anon-magnetic substrate(first substrate) 1 tis·prepared at first. 

The substrate 1-1~ is· coated with an oxide- film. A soft-magnetic thin fihn of Ni-Fe alloy, 

·Fe-Si""Al alloy or-.the:like·is formed on the first substrate -11.by means of sputtering, 
. -

plating·. or .·the like. The thin film has a thickness. of,·-.for .. e:>tample,: 3 µm. - The 

-.soft-magnetic thin film is sµbjected to photolithography ancrion etching,:thus processed, 

to .. a lower magnetic-shield layer 21. The shield layer 21: is provided on the _first substrate . 
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.11 and has a pre~cribed shape, as is illustrated in· FIG .. 15. 

Next,. the lower magnetic. shield layer 21 undergoes photolithography and ion 

etching. A groove 26 about .1 µm deep is thereby made in the upper surface of the shield 

layer 21.as is illustrated in FIG. 16. During the photolithography, the. photo resist is 

heat-treated in.specific conditions, imparting a tapered cross section.to. the photo resist, 

before the ion etching is perfonned. The groove 26. therefore has side wans that incline 

at a. specific ang1e of, for exampie, 45°. · . 

Thereafter, a non-magnetic, non-conductive film of, for example, A120 3, is fonned 

on the lower magnetic shield layer 21 _having the groove 26, by means of sputtering or the 

like. The non-magnetic~ non-conductive .film has a·tlnckness of, ·for example; a:bout.25 

: µm ... ·T4is. :filn1 is polished·by lapping using diamond grains, chemical .. polishing or a .. 

similar technique, until the upper surface of the lower magnetic shield layer 21 is exposed. 

The groove 26 is thereby filled with non-magnetic, electrically .conductive material .. · Thus, 

· the structure has. a flat upper surface. 

- " · ·~ non•mawietic~ non-conductive film of Al20 3 or the lik-e is· formed on the low~ 
. . . 

magnetic . shield. layer 21 having the ·groove 26 .. filled 'With: the . non ... magnetic, 

· ·non-conductive material, by means of sputtering or the like to·a predetermined ~hickness. 

· . Thi~ non ... magnetic, non-conductive film is polished by, for. example,. chemical polishings 

until it becomes, for example, about 42.5 nm thick. As a re8ult; the structur~ shown in· 
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FIG. 17 is obtained. As FIG. 17 shows, the first gap film 23a, i.e., one component of the 

shield gap 23, is provided on the lower magnetic shield layer 21. . 

As shown. in FIG . .18, a laminated fihn 40; whi~h will be processed into .a GMR 

element (MR element 25) of spin-valve structure, is f.onn.ed on the smooth first gap film 

- 23a by. sputtering or the like, to a thickness of, for example; SO mn .. TI1e laminated film .· 
. ~ .. .: 

40 is so positioned that the easY magnetization aiis of theftee layer .of.the GMR element 

extends·paiallel to the.medium-facing sUrface 10a=while·no-magnetic field is applied to. 

the GMR element and that the easy magnetization ·axis of the pin layer .extends 

-·perpendicular to the medium-facings~~ 1 Oa. A free layer is fo~ed on the uppermost 

: ]ayer·so that-it may be located quite close· to the flux-guiding-ele1nent.24 that will be 

.formed later: .. 

Next, as shown in FIG. 19, a plJ.oto resist pattern 41 is fonned on the laminated film 

· 40, by photolithography. - :The photo resist pattern· 41 wilLbe used· to form a. pair of 

bias/electrod~ layers. 28a and 28b. The pattern 41 has openings 4 l_a and .41 b that lie at·, 

positions where t1ie bias/electrode layers 28a and 28b will be provided: Using the pattern · · 

·41.·as m~. ion· etching is carried ~u~ reinoVing those-p~s of the laminated .film 40 

-which lieit the.positions where the lay~s 28a and 28b.willbe.fonned. 

The.bias/electrode layers 28a and 28b are to be.formed and c9nnected .to the .ends 

of the-MR element 25. It follows that the MR ~lement 25 will be provided at the position . 
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that is detennined by the positions the ·openings 4la and 4lb take in the photo resist 

pattern 41. The positions of the openings 4la and 4lb are therefore detennined by the 

MR height of the ele~ent 25 and the ~ize of the element 24, so that the distance for which 

the MR element 25" ~hould overlap the flux-guiding e]em~nt 24 may fall within the range 

of 15 to 25.%. . 
. . 

As FIG. 20 shows, a laminated film 42 such as a CoCrPt/fiWffa layer is fonned 

. on the photo resist. pattern 41 by sputtering or the -like>: to a thickness of, .for example; ' 

about .SO nm. The laminated filD:142 Will be processed· to provide the bias/electrode layers 

28a and 28b~ Those parts of the laminated film ~O, which lie below those parts of the film· 

<42 which will b~ 0the -layers 28a and 28b have-already· been removed .. · Hence, ~e: 

laminated film 42 to be processed to provide the layers· 28a and 28b is forined above the~ 

first gap fihn 23a that is one camponent of the inter-shield gap 23. 

··Then; ~e photo resist patte~ 41 and the laminated filmA-2-are.i:emoved by.means · 

. oflift-off method . .-: As shown in FIG. 21, the.bias/electrode layers 28a and28b ·are now · 

embedded in the laminated film 40 .. 

AS,FIG .. 22 shows, a photo resist pattern 43 is formed on.the·biaS/electrQde layers· 

. 28a.and 28b; bridging these layers 28a and 28b, by photolithography.. The. photo resist 
. . 

pattern 43 lie~ a1;>0ve the laminated film 40 the_po.sition where the MR.~lement 25 will be 

. fo.rined. Usil)g the pattern 43 as mask, ion etching'is perfonned.· The lamin~ted film is· 
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thereby removed, except the part that is the MR element 25. The MR element 25 is 

thereby formed, which is connected to the pair of bias/electrode layers 28a and 28b. 

Thus, the MR element 25 has been formed on the first gap.film 23a and.connected 

to th~ bias/electrode layers 28a and 28b. Then, a non-magnetic,. non-conductive fihn of 
. . . 

A120 3 or the like is formed, by sputtering or the like, on the fir~t gap film 23a on which .. 

the MR e1ement 25.lies and connected to the bia8)~Jectrode layers .28a·and 28b. This film. 

-is·polished by.chemical polishing or.the like:. until its part lying on the:MR element 25. 

grows thinner to ab9u.t 42.5 run. In other ~ords, the non-magnetic, non;..conductive fiJm 

is polished until the distance between its upper surfac~ and the upper surface of the lower 

magnetic shield layer 21 decreases to 135 run. As a result; the second gap film 23.b is 

forined on the.first gap· film 23a, covermgthe MR element25 as is.illustrated in FIG .. 23: 

The second gap fihD 23b is an electricall)' insulating film that is interposed between 

· the·MR_element 25 ·and the flux-guiding element 24~ The.thickness-of the seeond gap film · 

·23b determines the distance betwe~n the~ element 2.S and the flwe-guidingele~ent 24;: 
. . 

As shown _in FIG. 24:. a soft-magrietic fihn 44 of Ni-Fe alloy ·or the like is formed 

··on.the second gap film 23b. having a flat.upper surfaee~ ·by means .9f sputtering or the like:· 

to. a. thickness of-about 30 nm. Note that the film. 44- will-be pr~cessed·into the­

·. ~ux-guiding. element. The soft-magnetic fihri 44 is subjected to magnetic anisotropy. 

control so that it may have an easy magnetization ~xis that extends parallel. to. the 
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above-mentioned mediwn-facing surf~ce lOa. The magnetic anisotropy c01~trol is 

accomplished by first fonning· the film 44 by sputtering in a magnetic field or upon the 

se~ond gap .film 23b and then annealing the film 44 in a fixed magnetic field. . 

As illustrated in FIG. 25, a photo resist pattern 45 is fonned on.the soft-magnetic· 

. film 44. by photolithography. The photo r.esist pattern 45, which will .be used to form a 

.pair of bias layers 27a and 27b> has openings 45a and 45b that lie above the. position 

where the bias layers 27a and 27b will be provided.· Using the photo·re~istpatt~ 45.as, :. 

mask, ion etching is carried out. those parts of the soft-magnetic_ :film 44> at \\_'hich the 

bias layers 27a and 27bwill be formed> are thereby remo~ed . 

. · The_.bias=Iayers 27a and 27b will be formed and-connected to the ends of the 

· ·. flux-guidingelement.24.: Hence, the positions of the openinw.; 45a and·45b made.in-the:. 

photo resist pattern 45 will determine the position of the flux-guiding element 24. The 

. positions.of_the openin~:45a and 45b are therefore detennin~d bythe·position and MR 

.. ·height of the eleinent25> so that the overlap distance·of.the elements 25 and 24 may-fall·· . 

within the range _of 15 to 25%. 

. ,~ext, as-fIG. 26.shows, a ferromagnetic film46 such-as a CoCrPt-~oyis forined, 

on the photo-resistpattern.45 by sputtering or tbe-like,,to· a.thickness ot: for exampler 

· about. 50 .. nm. At this _tiµi~> those part of the soft-magnetic ·film 44, on which the bias. 

· layers 27a and 27b .will be provided, have been removed. Hence1 the ferromagnetic film . · 
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46 is formed above the second gap fihn 23b. 

Then, the photo resist pattern 46 and t11e photo resist pattern 45 are removed by 

_means of lift-off method. As shown in FIG. 27, a pair of bias layers 27a and 27b are now 

. embedded in the soft-magnetic fihn 44 . 

. _ . As shown in.FIG. 28, a photo resist pattern 47 is formed, by photolithography, on 

the. bias· layers 27a .and 27b, bridging these:··1ayers. 27a.- and-. 27b> and above the _ 

soft-magnetic· fihn 44. ·-The photo.resist patte~ 47 lies abo~e--th~ po~ition=where the 

flux-guiding element 24 will be formed. Using the pattern 47 as mask, ion et~hing is 

performed. The soft-magnetic film 44 is thereby removed, ·except that part which will be 

_·the :flux-guiding ·element 24. Thust the flux-guiding element 24 is provided, which is 

. cormected to the pair of.bias layers 27a and 27b. 

After the flux-guiding element 24 con:ilected to the bias layers 27a and 27b has 

,been·fo!1Ded·on the·seeond gap film 23b, a non-magnetic, non-conductive film.~ade of · 
. ~ . 

. A1203 or the like is ;formed" on the second gap film' 23b by. ".sputtering or .the like. to a 

prescribed·thic~ess. This film is polished by cheuiical polisliing·or the like, ·µntil its part . 

lying- on~the flux-guiding element24 becomes thinner to=about 1;35 ~.·. As a resrilt, the -

third· gap .film 23c-is formed on the second gap ·film 23b, covering-.the·_flux-guiding 

element24 as is illustrated iii FIG. 29. 

A soft-magnetic.film ofNi-Fe alloy, ainorphousmaterial such asZrNbTa, Fe-Si-Al 
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alloy or the like is fonned on the third gap film 23c having a flat upper surface, by means 

of sputtering, plating or the like to a thickness of about.3 µm. This soft-magnetic film is 

subjected to photolithography and ion etching, acquiring a specific shape. Thus, the 

upper magnetic shield layer 22 is formed on the third gap film 23c as is illustrated in .Fl G. . 

30 .. 

Next, tenninals 29a ~d 29b made of electrically conductive material are formed. 
. . 

. by plating or the like, on the other end ofthe·bias/electrode layer 28a and the other.end· 

of the bias/electrode layer 28b, respectively. Thereafter, the second substrate 12 is 

bqnded to· the upper magnetic shield layer 22 with an adhesive or the like. · Cylindrical 

. : grinding is. performed on the upper edges of the first and second substrates 11 and 12, . 

forming the medium-faeing surfiice lOa and shaping the ~ntire-structure like a chip .. Thus, . 

the MR head I 0 of the type shown in FIGS. 4 and 6 is manufactured . 

._ · .Descn"bed above is .the metho.d of manufacturing the MR:head 10 that.has a GMR 

element of spin~valve structure, or an: MR element 25: . The .MR element· 25: may be 

·replaced by a Tfy1R element. If this is the case, a sense current flows, perpendicular to 

the TMR element .that is· a film. Hence, the MR bead: 1 O .is manufactured in a method 

· som~what.different f!om the·above-described method of manufacturing the MR head 10 -

having a GMR element. -

A .method of manufacturing an MR head 10 having an TMR element used as the 
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MR element 25 will be described, illustrating only the ~teps that differ from those of the 

method of manufacturing the MR head 10 having a GMR e]ement of spin-:val:ve-structure. 

To manufacture an MR head IO having a. TMR element for an MR .e]ement 25,. 

ahnost the sa1:Jle. steps are perfonned as in _the method of manufacturing the MR head· I 0 

having the GMR e]ement of spin-value structure, until the MR e]ement 25.is provided on 

the.first.gap film 23a ·.However, the first gap film 23a.is.. made of non-magnetic, 

electrically, conduetiv.e material such as ·ra,- to function.as lower ele~trode. The MR 

element 25 is a TMR ·element, not a GMR element of spin-value structure. . The 

uppel'II)ost layer of the TMR element is a free· layer, which lies more close ·to the 

.flux.-guidmg element24.·than any other constitrierit layers of the TMRelement. Further, 

.an insulating bias:layet of, for ex~ple, Co-yFe203.or .the like is provided,· in place· of a. 

pair of bias/electrode layers 28a and 28b. 

-After the MR· element 25 has been fomied on the first-gap· film 23a;-a·second·gap 

::fihn.23b.is formed o:p. the first gap film 23a. The. second gap :fihn 23h·is inade of . 

non-magnetic; n~n-conductive material, such as Al20 3• A part of the second gap fihn 23b; ' 

which lies.above.the.MRel~ent ~5, and another part ofthe-film23b,.which is· spaced 

apart by. a prescribed distance from the medium-facing -surface I Oa, are removed by 

lift-off method or a smwarmethod. Two contact holes 51 and 52 are thereby made in the 

second gap fihn.23b a8 is shown.in.FIG. 3L The first contact hole Sl.exposes the MP 
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element 25. The second contact hole 52 exposes the first contact film 23a . 

. As FIG. 32 illustrates, an upper electrode 31 made of conductive material such as 

Cu is fonned on the second gap :film 23b. The upper electrode 31 has one. end extending 

through the contact hole 51.and connected to the upper surface of the MR element 25 .. 

The other end of the upper electrode 31 lies, spaced away from the medium~facing 

surface IOa. . 

. A flux-guiding element 24 is. fonned on the second gap film123b on which the· 

upper electrode 31: is now provided, in the same manner as in the method of 

manufacturizj.g the MR head 10 of FIGS. 5 and 6. The-flux-guiding element 24· is 

connected to.bias- layers 27a. and 27b. A third gap film 23-c niade.'of.non-magnetic, 

non~nductive material such as Al20 3 is formed on the second gap film 23b. · Two parts 
. . 

of the third gap film 23c, which lie on the.other end of the upper electrode 31 and at.the 

contacthole.52,-respectively;-·are removed. Two contactholes,53.and 54 are thereby 

.made in the third. gap· film 23c. The contact hole·53 exposes _the:upper electrode 31, and · 

the contact hole ~4 exposes th~ first gap film 23a. 
. . 

·.A soft-magnetic film offii-Fe allOy;amorphous_ material such as ZrNbT~ Fe-Si-Al· -

~Uoy or the like is .formed on-the third gap film 23c· having a flat .upper surface. ~This· · 

soft-magnetic.film -is subjected to photolithography and ion etching; acquiring a specific · 

. shape. Thus, an upper magnetic:shield layer ·22 is formed on the third ·gap film 23c as is·· 
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illustrated In FIG. 34 . 

. As shown~ FIG .. 35, .tenninals 29a and 29b made of conductive material are 

formed by plating or the like,.in the contact holes 53 and 54 made·in the third gap film · 

23c. The terminal.29a extends through the c;:ontactho1e 54 and is.coruiected to the other. 

end of the upper electrode 31-.. The tenninal 29b extends through the contact holes 54 and 

_52 and is.connected to the first gap film 23a thaiserves as lower·eJectrode. 
. . 

Thereafter; a second substrate 12 is bonded to the upper niagnetic shield layer-22 - -

with an adhesive or the like. Cylin4fical grinding is performed on the upper edg~s of the 

first and second s-qbstrates 11 and 12, fanning the niediwn-facing-surface 1 Oa and shaping 

the entire structure like.a chip. Thus, an MR head I 0 is manufactUred, which has the MR 

.element 25 -that.is a TMR element. 
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CLAIMS 

1. A magnetoresistance-effectmagnetic head having a rnediwn-facing surface 

and .comprising ·an upper magnetic shield layer, a lower magnetic shield layer, ·an 

· inter .. shield. gap provided between the upper and lower magnetic -shield layers, .a . 

. maW:J.etoresistance-effect element v.rovided in the inter:--shield gap and not exposed at the . 

. mediwn-facing swface, and. a flux-guiding el~ent having one end exposed ·.at the 

mediµm-facing. surface and configured to guide, an. external ·magnetic field to . the · 

1nagnetoresistance-effect element, 

wherein the ma@etoresistance-effect element is arranged at a different level from 

· the flux-guiding· element, art electrically insulating film -is· interposed between the 

magnetoresistance-effect element and the flux-guiding. element,: that part of ·the·, 

magnetoresistance-effect element which lies close to the mediwn-facing surface overlaps_ 

that part of.the flux-guiding element which lies remote from the medium-facing suiface, .. 

and the magnetoresistance-effect element overlaps the· flux-guiding element for a distanc_e· 

that falls within _a range of 15 to 25% of the length of the magtietoresistance-effect 

element _as measured in a direction perpendi~ular to the medium""facing surface. 

2. The magnetoresistarice-effectmagnetic head according to claim 1, wherein . 

at least one of the magnetic shield layers, which lies close to the magnetoresistance-effect 

element has a groove aligned with the magnetor~sis~ance-effect element. 
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3. The magnetoresistance-effect magnetic head according to claim 1 or 2, further 

compnsmg another flux-guiding element that has one part lying close to the 

medium-facing surface and overlaps that part of.the magnetoresistance-effect elemeIJt 

which lies .remote from the medium-facing surface, with the electrically insulating fihn 

interp<?sed. between ·the other flux-guiding element and the magnetoresistance-effect 

element. 

4 .. Themagnetoresistanmagneticheadaccordingto claim 1, 2 or 3, wherein 

the magnetoresistance-effect element is a giant magneto-resistive element of spin-v.alue 

structure. 

· 5 ;- The magnetoresistance-effect magnetic head·accordmg to claim 4, wherein 

the giant magneto-resistive eleinent of spin-value structure is a l?llrinated -layer including-
. . . . . . 

a magnetization-free layer provided at the flux-guiding element. 

6. The magnetoresistance-effect magnetic head according to any one of 

claims 1 to 3, wherein the magnetoresistance-effect element is a tunneling magneto-

resistive element that achieves a ferromagnetic tunneling ~gnetoresistan~ effect. 

1~ -The magneto~esistance-effect magn~tic head accordingto-~laim 6,.:wherein 

the -.tunneling -. magneto-resistive element is a Iaininated layer including a 

magneti:iation-free l~yer provided ~t-the-flux-guiding ~lement. 

8. The magnetoresistance-e:ffect magnetic head according to any one of the 
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preceding claims, further comprising: 

bias/electrode layers conti~ed to apply a bias magnetic field to the 

. .magnetoresistance-effect element in a track-width direction and to supply a sense current 

to the magnetoresistance-effect element; and 

. . . . _bias . layers configured to apply a bias magnetic field . .to · the. 

magnetoresistance-effect element and a_ bias Jl}agnetic field to the tlux .. guiding element 

. in the same direction the bias magnetic field -is applied to the magnetoresistance-effect 

element. 

9. Recording/reproducing apparatus having a magnetic head according to 

any one of the preceding claims. 
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