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TITLE OF THE INVENTION
Magnetoresistance-Effect Magnetic Head
BACKGROUND OF THE INVENTION'
Field of the Invention -

The present ..im./entio'n relates to a inagneﬁoresistance-effect magnetic head that -
utilizes magnetoresistance e_ﬁ'ecf to read signals magnetically recorded on a magnetic
recording medium. - | | |
‘Descrip'ti_on of the Related Art

Recording/reproducing epparatuses using a magnetic tape-as a recording medium,
such as a video. tape recorder and 5 digital data recor.der',. are known." In such a
| recording/reproducing apparatus, the magnetic head writes and reads magnetic signals on

and from the magnetic tap.e_' running in the apparatus, while kept in.contact with the
magnetic tape. _ ._ | ..

| Recording/reproducing apparetuses of this type which use a magnetie type:have.
‘been modlﬁed reducmg the wavelength of 31gnals to record data -at high-density. To -

aceomphsh hlgh-densxty recordmg, it is. attempted to -mcorporate . a
.1nagnetores13tance-effect magnetlc head (heremafter refen*ed to as "MR head")-into.
recordmg/reproducmg apparatuses that use a magnetlc tape This is -because -the

magnetoresistance-effect magnenc head can reproduce s:gnals W_lth high efficiency.



The MR head has hitherte been used as a data—reproducing head, mainly in hard
disc drives. The MR head for use as a data-reprodueing head in a hard disc drive has a.
magltetoresistance-effect element (hereinafter teferre_d to as "MR element") that-l has
magnetoresistance effect. The MR element 1s exposed at that sut'face 'of -,the-M'R he_ed, .
which opposes thelm'agnetic dise used as a recbrdirtg.medium in th.e- disc drive. Thus
‘. exposed,.the MR element can detect the sxgnal magnetie field entanating'- from the
magttetic disc. | . |
| The MR head is used ae a -data-reproducing head in Ecor_ding/repreducing
apparatuses using magnetic tape, too. Insuch arecerding/reproducing apparatus, the MR
~ bead contacts the: tape-running while the MR: head recording data on, or reproducing data -
' from, the tape. The MR element of the MR head isexposed to the reeordmg medium, i.e.,
the tape. Asthe tape runs, sliding on the MR element the MR element gradually wears,
changing the charactenstlcs of the MR head gradually Addltlonally, the operatmg :
reliability of the MR-.head decreases due to the noise made as the tape runs in sliding -
contaet with the MR eclement. In view of this it is desired that an MR head for use in
- recording'/reproducing apparatdses'lisihg meghetic tape should have an Mﬁelement that. .
| .-is "net- expos:ed' to.the magnetic tape ie., the recoi'ding mediuttr
A so-called "ﬂux—guldmg MR head" has been proposed asan MR head havmg an .

MR element not exposed to the recordmg medium. The ﬂux—gmdmg MR head has a



ﬂﬁx—guiding element that is made of, for 'exemple, soft magnetic thin film. The
flux-guiding element is arranged, with its one end exposed to the recording medium. The
flux-guiding element can therefore guide the_ signal magnetic field emanating from the .
recordmg medium, to the MR element. ) |

FIG. 1 shows an example ofa ﬂux-guldmg MR head 100. As shown in FIG. 1, the
ﬂux-guldmgMRhead 100 cempns‘es a pairof magnetic shield layers 101 and.102, an MR
element 104,anda ﬂuxfguiqing element 105. The magnetie shiéld layers..IO'l and 102 are -
spaced apart. The layer 102 is positiened above the lay& 101, providing a gap 103
between the layers 101 and 102. The MR element 104 and the flux-guiding element 105 -
ere:atranged-in the gap-103. The flux-guiding eleﬁlent 105 has one end positioned néar
. the surface 100a o:fthe MR head 100, Which faces the recording ﬁedimn.; Thus, thisend
ofthe ﬂux-guiding element 105 is e;c’posed at the surface 100a and opposes the recording
medium. The MR element 104 is positioned at a longef- distaﬁce from the surface 100a
than the flux-guiding element 105 and is not exposed at the surfaee 100a.

-In the ﬂux-guldmg MR head 100, the ﬂux-gmdmg element 105 guides the signal
-magnetlc :ﬁeld emanating ﬁ'om the magnetic recordmg medlum to the MR element 104. -
The resistance of the MR element 104 varies in accordance w1th the signal magnetlc field
guided to the MR element 104. The change in _the resxstance-of the MR elemen_t 104 is

. detected. as a voltage. change, whereby a magnetic signal is read from the maghetic



recording medium. As described above, the MR element 164 isnot exposed at the surface
100a that faees the reeording medium and does not contact the recording medium. The
MR element 104 never wear or make noise while the recording medium, i.e., tape, is.
running. Hence the MR head 100 can read the magnetic signal from the recording -
medium, w1thout degradmg the operating rehablllty |
Inthe ﬂux-guldmg MR head 100 ofthe structure descrlbed above itis desired that
.the dxstance- between the MR element 104 and the ﬂux-gmdmg element 105 be as short:
as _po',s_sible. The shorter the distance, the more efﬁcienﬂy the signal magnetic field can
be transmitted from the flux-guiding element 105 to the MR element 104. The hither the
- ﬁeld-trans'nlitting efficiency, the greater the magnitude of the output.: If the MR element
-104 and the ﬂux-gmdmg element 105 contact, however -a part of: the sense current tobe
supphed to the MR element 104 will ﬂow to the flux-guiding element 105 To prevent |
the sense current from: flowing to the ﬂux—guldmg element 105 1t is necessary to space -
.the MR element 104 and the ﬂux-gmdmg element- 105 apart:- ﬁ'om each other by avery
shoxt dlstance in the flux-guiding MR head 100 that has the structare speclﬂed above. :
| A gap isprovided between the MR element 104 and the flux-guiding element 105 .
na speclfic manner. As FIG. 2 shows an-electncally msu]atmg film 106 is formed, -
covermg the MR element 104 before the ﬂux-guldmg element 105 is. formed .Once the .
. .ﬂux-guldmg element 105 is formed that part of the film 106, whlch is deposxted on one |



side of the MR element 104 lies between the MR element 104 énd the flux-guiding |
element 105, spacing the MR element 104 from the flux-guiding element 105. The gap
between the elements 104 and 105 is therefore determined by.the thjchleés of that part .
of the elgctrically insulating film 106. |
Here arises a problem. It is extremely difficult to control the thiélcness of the
-. insulating film 106 deposited on sdid side of the MR element 104, with high precision of |
nanometer order.-In.the ﬂux-guiding'MR head 100-of the structure described aﬁover, the.
operating efﬁciency of the MR element 104 will sharply decrease even if the fiiétance
between the MR element 104 and the flux-guiding element 105 changes a little. In view .
- of this it is considered very dl;fﬁéul't-to manufacture, in:a high yield, flux-guiding MR
: hea&s that can generates outputs of large magnimdé. |
BRIEF SUMMARY OF THE INVENTION
-The pi'gsent_ invention has been made in .view of the foregding. : An object-of the:
invention 1s to previde a flux-guiding MR head in- whi;‘,li'the distance between: the
magnetbresistanqe-eﬂ'ect element and the-ﬂux.-g“uidin'g element can-be ‘Gontrolled with
..l;_igh.precis'ibn.and ‘which can fherefore generate a larg§ output.-
c A mdgrie_toresistande—eﬂ‘éct element and a flux-guidingelement can bespaced apart -
frbm each other by forming an elech‘ic;cill& insulaﬁng ﬁ]m between them. Ttis rélati\}ely_

easy to .control the.thickness of the insulating film, as measured in. the-di_rection of .



. depositing the insulating film. Hence, the distance between the magnetoresisiance—eﬂ'ect
element and the flux-guiding element can be controlled with high precision, only if the
elements are formed at different levels, one overlapping the-other. |

Ina magnetores1stance-effect magnetxc head of the structure described above the
efficiency of transmitting a signal magnetlc field from the.flux-guiding element to the..
magnetoresistance-effect element greatly depends not only _o_n the distance between these
elements, but also on the distance for which the elements overlaps each other. It follows
that the signal magnetic filed can be very efﬁclenﬂy transmitted from the ﬂux—guldlng
elementto the magnetoresistance-effective element if the distance between these elements
sn'd the overlappmg.dlstanee thereof are set at optimal values. - The flux-guiding MR head
can then generates a large-magnitude output. | |

A megnetoresisfance-eﬂ'ect magnetic head according to the invention has been
- devised based on the -ﬁnding described above .The- ﬂux—guiding ‘MR- head: hes ‘a
_.medmm—facmg surface and comprises an: upper magnetlc shield layer, a lower magnetic
shield layer an mter-shleld gap, a magnetoresmtance—effect element and a ﬂux-guldmg
element. The inter-shield gap is provided between the _uppen and lower'magnetic slneld :
. l'ayers The magnetoresistanoe—eﬂ'ect elexnenf is pro;rided in the inter-shield gap and is
not exposed atthe medlum-facmg surface The ﬂux-gmdlng element has oneend exposed

.. at .the medlum-facmg surface. It guides. ‘an external - magnetic . field . to the



magnetoresistance-effect element. In the ﬂux-guiding MR head, the

magnetoresistance-effect element is arrangc_éd ata diﬁ_'erent level from the flux-guiding.
- element.  An e]ectrica]ly- insulating film. is . interposed between the

magnetoresistance-effect .element and the flux-guiding e_lemént.. That part of the-
- mégnetoreSistance—eﬁ'ect element which lies close to the medium-facing surface overlaps

that part of the flux-guiding element whi'clil l'it;,s'fcmote from ﬂmmediuin—facing surface.

. The magnetoresistance-effect element over_l.a.ps the ﬂ_uﬁc-guiding element for a distance

' thgt falls within a range of 15 to 25% of the length of the .magnetoresistanqe-eﬂ'ect

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

‘The magnetoresistance-effect magneﬁc head can read:-magnetic signals:from.a
-magnetic recording medium, while set in contact with the: magnetic recording medium:
That'is, the flux-guiding element, which has_ one end eprsed at the medium-facing
surface,: guides- the- signal- magnetic field emanating from the: mediﬁm, to the.

‘magnetoresistance-effect-element, which re'aciS the signals récorded- on the medium, by
utilizing-its magnetoresistance effect. | | | |

The.shorter the distance.-bétween the mag'ne-toresiétance'.-eﬁ‘ect clement and the
: ﬂuX-guiding.elemeﬁt, the more. efﬁciently thé Sigual magnetic field can be transmitted

- from the flux-guiding element to the magn:efofekisfaﬁéé-éﬁ'ect element. The distance can

be maintained.short to a precise value in the magnetoresistance-effect magnetic head . .



according to the invention, for the following reason. The magnetoresistance—eﬁ‘ect
. element is arranged at a different level from the flux-guiding element. Therefore, that
part of the.magnetoresistaﬁce-effect element which lies close to' the medium-facing
. surface overlaps tﬁat part of the ﬂux-guiding -element which .lies -remote from the
rquium'—facing surface,. with the electrically in-sulating.ﬁlml interposed between. the.
magnetoresistance-effect: element and tﬁe ﬂu;jguiding element. Thus, the distance
‘between. the.clements.can be accurateiy adjusted, merely by. cont_rolling:the thickness of -
the electrically insulating film. The efﬁciency of transmitting the signal magﬁeﬁic field’
from the: flux-guiding element to the magnetoresistance-effect element. is thereby
enhanced.. Hence, the magnetic head caﬁ reproduce signals from the medium vﬁth high
‘efficiency. | _ |
_ The efficiency of transmittihg the signal r_n_aénetic field from the flux-guiding
element to the ma'gllﬁt;)resistance—eﬁ'ecf element depends upoh the distance by which the i
.mégnetoresistande-eﬁ'ect-: element overlaps the ﬂux¥g'uidingt-ele1nent; i ﬁe magnetic
~head of this inve_nﬁbn, ihe magtletoresistance';ef;f'ect element bverlaps'the- ﬂqx-guiding
. elemient for. a distance that falls w1th1n a -raqge of :15 to.2j'5'.% of the: leﬁgth' of the.
_'magnetox_'esistanr.;,e-eﬂ‘ect: element as measured .in a. direcﬁoﬁ perpendicular. to the
medium-facing surface. This increases the éﬂiciepcy- of tmnémit_ﬁngthe. signal magnetic .

.field from the flux-guiding element to the magnetoi'es_istancé-eﬂ‘ect element even more. -



The magnetic head can therefore reproduce signals from the medium with an even higher
efficiency.

In the magnetoresistmce—effect magnetic head according tdthis invenfion, the.
magnetoresistance-effect element is arranged at a different level from the flux-guiding
element.- The .part of the magnetoresistancé-eﬁ'ect element :which lies.close to.the
: medium-fa.cing surface, therefore, overlaps that part of the flux-guiding elément which- -
. -lies-remote from the medinm-facing surface,. with -the élec;trically-'-insulating film:
“interposed between the magxletorésistance-eﬁ'ea élement and the ﬂux-guiding glement.
Hence, the -distance between the elements can be accurgtely adjusted, ‘merely by
contfolh'ng the thickness of the electrically insulating film. The _e_ﬁi ciency of transmitting
the signal magnetic ﬁel& from the ﬂux-guiding element to the magnétoresistance-effect-
element is thereby enhanced. The magnetic head cén reproduce signals ﬁom the medium |
with high efficiency. -

In the. -...magnetoresi'stance-eﬂ'ect magnetic _head . of .the inventi on, . the -
magnetoresistance-effect element overlaps the ﬂux-guidfng-element for a‘dist-ance tﬁat -
. falls within a raﬁge of 15 to 25% of the lehgth df the mégnétoresistance—éﬁ‘ect clement-
. as-measured:in a direction perpendicular to the mediuﬁ-ﬁcmg surface. -This -mékes_-it -.
possible.to transmit. the signal magnetic field from-the ﬂf;x-guidiﬁg. eleine_nt to the

magnetoresistance-effect . clement, even more efficiently. The magnetic head can -



therefore reproduce signals from the medium with en even higher efficiency.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1is a sectional view showing a conventional flux-guiding MRelement;
FIG. 2 isa diagram explalmng a method of adJustmg the dxstance between the MR .
. element and flux-guiding element providedi in the conventlonal ﬂux-gmdmg MR element; .
. FIG. 3 is a perspective view of the rota:j'iﬁag:etic.—headdevice that incorp_brates
an MR head according to the present inventioﬁ; |
FIG. 4 is a perspective view of the MR head accordihg to this invention;
-FIG. 5 is a magnified, perspective view of the magnetism-detecting section of the
. MR head: . E . |

FIG. 6.is a sectional view taken along line X1-X2 shown iri FIG: 5;.

FIG. 7 is a schematic view illustrating the posiﬁonal ;elation between the MR

element and flux-guiding element that are incorporated m the MR h_ead;,

FIG..8 is a graph representing the relation between thé distance between the MR -
-element and the flux-guiding element, on the one hand, and the ﬂux-densi.ty-in. the MR-
: eiement-,- on the other hand; - - .-

FIG. 9is a graph‘ depicting the felaﬁon between the'.ratio of- the -overlapping
. distance.to the MR helght and the ﬂux density in the MR element

FIG.- 10. is. another graph illustrating the relation.. between the ratio -of. the

0



overlapping 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 height and the flux density in 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 showmg an MR head of stﬂl another type according to
the invention, wherein the MR element is arranged above the ﬂux-guldmg element;
| FIG. 14 is a sectional view showing an MR head of another type, accordn_lg 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 view eecplaining a met_hod of manufacturing an MR head
of _the invention, showing the first eubstrate and the lower magneﬁc _shiel& layer provided
- ont the first substrate _
. FIG. 16is. aperspectlve view explalmng themethod of marniufacturing the MRhead :
of the invention, ﬂlustratmg a groove . made in the lower magneiic shield layer; -
FIG 17 isaperspective view expla:lmng the method of’ manufactunn gthe MR head
of the invention, depicting the ﬁrst gap film provxded on the lower magnetic- shleld layer;
- FIG. 18isaperspective view exp_lalmng the method of manufacturing the MR head

of the invention, illustrating a layer formed on the first gap film, which will be pfocessed' .
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to provide an MR element; |
FIG. 19isa ﬁerspectivg view explaining the method of manufacturing the MR head ...
of the invention, showing a photo resist pattern formed on tﬁé.layer that will be processed
-to pro.vidé an MR element; |
FIG. 20 is a perspective view éxplaining the method of manufacturing the MR head
of the invention, showing a layer formed on the photo resist pattern, said layer to be |
procgssed to provide a pair of bias/electrode lgyers,;-.
| FIG. 21isaperspective view exjilainihg the met'héd of manufacturing the MR bead
of'the invention, illustrating the pair of bias/e_léctrode layersembedded ina layer that will -
be processed into an MR element; |
F IG_-.'.22 is a perspective view expl_ainigg the method ofmam_xfat:tilﬁn gthe MR-head e
ofthe invention, showing a photo resist pattern formed on tﬁe pair dfbiaslglectrodé layers
and the laye;r to Be processed into the MR element; - -

.FIG.23is a-p'cr-spectivé view explaining the method of manufacturing the MRh_ead-
of the -inv‘eﬁtion, sﬁowing the s’ecﬁnéi gap ﬁlm provided 'on'the: ﬁrst gap film o which the-
MR element liés and is connectcd to the b1as/electrode layers

FIG 24 isa perspectlve view explalmng themethod of manufacturmgthe MR head * -
of the invention, ll]ustratlng a soft-magneﬁc ﬁlm whlch is formed on the second gap ﬁ]m_ -

and which will be processed into a ﬂux-guldmg element;
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FIG. 251s a perspective view enplaining the method of manufactuting the MR head
. ofthe tnvention, showing a photo resist pattern formed on the soft-magnetic film that will.
be processed into the flux-guiding element;

FIG. 26isa perépective view explaining the method of’ nlannfacturing the MR head
of the invention, showing a ferrotnagnetic film which is formed on the photo resist pattern
and which.will be proeessetl into a pair of bias layers; .

FIG.27isa perspectwe view explalmng the method of: manufactunng the MR head -
of the mventlon 1llustrat1ng a pair of bias layers embedded in the soft-magnetic film to
be-'processed into the flux-guiding element;

FIG. 28 is a perspective view explaining the method of manufacturing the MR head -
of the invention -showing a photo resist pattern fermed on the bias .layers and that part of -
the soft-magpetic film on which the ﬂux-guldmg element will be provided;

FIG.29is aperspectlve view explammg the method of: manufactunng the MRhead
~of the mventlon,- ﬂlustratmg a third gap layer- fonned on the second.gap.layer on which.
- the flux-guniding element is mounted and connected to the blas layers

'FIG:30isa perspective view explalmng the method of manufactunng the MRhead.: | :
.of the invention, showmg an upper magnetic shield layer provxded- on the third gap film;-

-FIG: 31 is a perspective view explaining énet__her rnethod of manufacturing an MR

‘head of the invention, éhowing 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 the invention, illustrating the upper electrode provided on rhe second gap. film;

FIG. 33 is e perspective view for describing another method of ,manufactuﬁng an
‘MR head, accordihé to-the present invention, iﬂustratrng the contact.holes made in the
third gap film; | |

FIG 34isa perspectwe view explaining another method ofmanufactunng anMR
_ head accordmg to the present mvennon, showmg the upper. magnetrc shield layer.
'provrded on the third gap film; and | _

FIG. 35 is a perspective view explaining another method of manufacturing an MR
head; according to the present invention, showing a pa1r of terminals that are formed on
the third gap film. -

DETAILED DESCRIPTION OF THE INVENTION
- .Embodirrients of the. bresent invention will be described n detail,_ with reference -
to the accolnpanying. drawings.-

. The first _embodiment of the invention is- a | magnetoresistance-effect head
(hereinaﬁer -referred to .as "MR head" for use : as. & 'reprodrxei]rg head ‘in. a.
recordmg/reproducmg apparatus. Like a v1deo tape recorder the apparatus performs :
hehcal scanmng, thereby to records and reproduces srgnals on and from amagnetlc tape '

As FIG 3 shows, the recordmg/reproducmg apparatus mcorporates a rotary

14



magnetic head device 1. The rotary magnetic head device 1 comprises a stationary drum
2 and arotary drum 3. The rotary drum 3 is coaxial with the stationary.drum.2 and driven -
by_l an ei_ectric motor (not.shown).

“The stationary drum 2 has a tape-guiding groové 4 that is made in the outer
circumferential surface. Tﬁe grobve 4 guides a magnetic tape T wrapped around the |
stationary drum 2 and keeps the tape Tina specific _posiﬁon. The tape-gu_i&ing groc.)ve' :
4 inclines at a prescribed.angle to a direction pcrpéndicular to the axis of the stationary |
drum 2. The mag_neﬁc tape T is helically wrapped. around the outer circumferential
surface of the rotary magnetic head device 1, with its lower edge held in the tape—guicﬁng
: groove- 4. _ |
. The ro;ary'drum 3 is mounted on the shaft of the electric motor-and positioned
coaxial with the electric motdr. The motor can rotate the rotary drum 3. Therotary drum_
© 3 incorporates the MR head 10.according to this inv'ention;-which is used as reproducing
héad for reading magnetic signals from the magnetic tape T. 'Mo'lfe.spec-:iﬁcally, a sﬁpport' :
mémbér_ (not Shown_) secures the MR head 10 to the rotary drum 3, withrits distal end (i.e.,

: niediﬁrh'—fé:cing surface).faces the ma.gx_xetic- tapeg'i‘. The rotary drum 3 inco:por;tes am .
. ind_ﬁc%tive magnetic head, .tdo. :The ixidﬁctiv_e head is proﬁded td record magnetic signals.: .-
o_h the magnefic tape T . The.inductive head 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 recordiog/feproducing apparatus of helical scan type, .
the tape T is wrapped around the outer circumferential surface of the rotary magnetic:

- head device 1 through an aﬁgle of for example, 180°. More precisely, the tape T is .

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

.in the outer cxrcumferentlal surface of the statlona!y drum 2. In other words, the magnetlc :

- tape ‘T .is helically wrapped -around the outer circumferential surface of the rotary
magnetic head device 1.
"To reproduces a magnetic signal from the magnetic tape' T in the.-re_cording/

reproducing apparatus of helical scan type, the rotary drum 3 is rotated; with the magnetic

-tape T wrapped around the outer circumferential surface of the rotary. magnetic head-

device 1. Asthe rotary drum 3 is rotated, the MR head 10 of the invention, which secured

-~ tothe rotary drum 3, moves along the ooter eircumferentia‘l surface of the rotary magnetic:- -
.head device I; or in the d1rect10n of arrow B shown m FIG 3. Thus the MR head 10 .

: shdes on the recording. surface of the magnetic tape T wrapped around: the -outer

clrcl___xmferentlal. surface -of the. dewce 1, while moving ‘along a line ,mclmed to: the

lengihwise direction of the lhagnetie tai)e' T. The MR head.10 reads the magneﬁc signal -

recorded on the signal-recording surface of the magnetic tape T ..

As shown in FIG. 4, the MR head 10 comprises two substrafes 11 and 12, both -
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made of hard materials. .The'ﬁrst substrate 11 and the second substrate 12 are bonded
together, el_le at one side to.one side of the other, A magnetism-detect_ing section 13 is
interposed between the first .s.ubstrate 11 and the second substrate 12. The
magnetiém—detecting section 13 is conﬁgﬁred to detect signal magnetic fields emanating. |
 from the magnetic tepe-T.. The upper surfece of ihe first substrate 11 aﬁd the upper
. surface ofthe second substrate 12 are arcuate, defininga med:um-faclng surface 10a that
contacts the magnetic tape T. The medlum-facmg surface 10ahas apredetermmed radius -
of curvature. The magnetism-detecting section 13 is inclined to the direction (arrow B)
in which the MR head 10 moves, at an azimuth angle 0.
.AsFIGS. 5and 6 show, the .magrieti'smfdetectiﬁg section']3 has a pair of magnetic .-
-shield ‘layers. 2].and 22, an inter-shield gep 23,a ﬂw_;—guiding element 24. The section‘13. -
has a ﬂux-guiding element 24 and a magnetoresistance-effect element 25 (hereinafter
. referred to as "MR.element 25 ")'. too. The magnetic.shield l'ayers 21l-and 22 are spaced
-apart from each other, the former lying below the. latter : The inter-shield gap 23 is' .
- provided between the lower magnetic shield layer 21 and the upper magnetic shield layer
. 22_.' . Both the flux-guiding element 24 and t_l_le MR element 25. are provided ‘in t1_1e o
: .inter-slﬁeld gap 23 FIG.5isa magmﬁed perspective view of the magnetisrri-detecﬁng
section 13 of the MR head 10 and FIG. 6.1 isa sectlonal view taken along hne X1-X2
shown in FIG. 5.
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The lower magnetic shield layer2'1 is composed of a base layer and a soft-magnetic
film. The soft-magnetic film is formed on the base layer. Itis about 3 pm thick and made
 of soft-mégnetic material such as Ni-Fe alloy (known as "P@alloy“) or Fe-Si-Al alloy

(known as ’.'Séndust“). | The lower magnetic shield layer 21 cooperates with the upper.
magnetic shieki l@er 22 to shield the extern;al magnetic ﬁe]d.__s'.. That is, the shield layers
21 and22 prevent the external magnetic fields from inﬂﬁencing the signal magheﬁc field

. emanating. from _ﬁle magrietic tape T.-. '
| in_the magnetism-detecting section 13 illustrated in FIGS. 5and 6, the flux-guiding
"eleme_nt.-2.4 lie;s ilalfway between the lower mag_netic shield 'lay_e'r 21 .and the upper
magn_éﬁé_shield laygr 22. The MR element 25 lies below the flux-guiding element 24.
--That -iS, the MR element25 is located near the lowgr magnétic shield layer 21 in the inter-
shield gap 23. The MR element 25 is not sufficiently spaced from the lower magnetic
‘'shield layer 21 to be electrically and magnetically.-ins_ulated from the. lower magnetic
-shield layer 21 qTﬁe lower magnetic shield layer 21hasa gx:oové 26 positioned below:the. -
MR elément 25, _'whcreby the MR element 25 is sufﬁc_ienﬂy spaced apérf from the layer
21..- Th1s reliably prevents the.signal _inagncﬁc field conducted: from. the-flux-guiding
eiemeﬁt 24.to ﬂle MR elemcnf 25, from leakihg fo the lower inagneﬁc shield layer '21;.
- Additionally, thls pi'events the MR elérhent 25 from being shoﬁ;ci;cuit to the ioWer

: magrietic '_shield'layer 21. Therefore, Breakdown of the MR element 25 would not bccu:. :
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. The inter-shield gap 23isa layer formed on the lower magnetic shield layer 21 and
madq of non-magnetic, nbn-conductive material such as A1203. The inter-shield gap 23 .
1s composed of three gap .ﬁlms 23a to 23c laid one _uﬁoh aﬁdth@r. The first gap film gSa
is provided on the lower magnetic shield layer 21. The second gap film 23b is formed on
the first gap ﬁhﬁ-.23a.' The third gap ﬁlrﬁ 23c is formed on the sécbnd gap film 23b. The
.MR'elemeni 25 ismounted on. the first gap ﬁlﬁ 23a aﬁd cové;ed with the seéond gap _ﬁlm
' 2-3b. The ﬂux-guiding é]emént 24 is mounted on the second gap film-23b and coyered
with the third gap film 23c.. - |
. The flux-guiding element 24 absorbs the signal magnetic field efnanating fromthe -
magnetic tape T and efficiently .guidcs- the field to the MR element 25.. The.element 24 -
is a layer made: of soft-magnetic niateri’al such as an Ni-Fe alloy and provided. on the -
_ second gap ﬁlm 23b thatisone component of thé,inter-shield gap 23. The element 24 has
one end exposed at the-medimn—facing.surfacé 10a ;of the MR head: 10.. As-indicated
“above, the ﬂux-.guidin'gielmﬁent 24 is provided in the intex"-shield gap 23'andlies halfway
‘between the lower mag_neﬁc shield layer 21 and the upper magnetic shield layer 22. This™
means that the total-thickness of the first and seco_nci gap films 23a and 23b, both -
positioﬁed below th'e:ﬂux-guid.ing element 24, is éQual to the thickness of the third gap
film 23c that lies aBov'e the flux-guiding _e]erhent 24. |
© Tt is -desired that" the ﬂux—glxiding element 24'. should exhibit: su‘ch ‘magnetic
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- anisotropy that its easy magnet:zahon axis extends parallel to the medmm-facmg surface
10a of the MR. head 10. The magnetic amsotropy of the element 24 is so controlled by
.one of two. altemative methods. In the first method, soft magnetic material such asan .
- Ni-Fe-alloy is deposited by sputtering in a magnetic.ﬁeld, ﬂlus_ forming the flux-guiding
element 24.'... In the. secon& metﬁod, a film of soft magnetic 'materiai, such as.an Ni-Fe
alloy, is formed and then subjected to steﬁc.ﬁe;ié annealing (SFA). .Once ite magnetic.
-aniseﬁopy hasbeen so controlled, the ﬂux-guidixig element 24 has a broad dynamic range
with i‘esbeet to the signal magnetic field. B
The flux-guiding element 24 may be electrically connected to the lower magnetic
shield layef 21 and.the upper magqetic shield layer 22. :In this case, the ﬂux-guiding -
element 24: and both magnetic shield layers 21 and 22,all exj:;oeed at the medium-facing -
surface 10a of the MR head 10, .are at the same potential; Thie prevents electrical
.shorts-clrcuxtmg between the element 24 and the layers- 21 .and 22. “The MR head 10
therefore réads the 'magnetle s1gna1 only |
--In the MR head 10, the ﬂux-guiding eleineht 24is exposed at the medium-facing
surface:10a-and absorbs the. 31gnal magnetlc ﬁeld Hence the widih of the ﬂux-gmdmg .
element 24 detenmnes the width of the recordmg tracks prov1ded on the magneﬁc tape-f-
T.

- As shown.in FIG. 5, two bias layers 27a and 27b are connected 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 mag!]etfc field to the ﬂux-guidiﬁg element 24. Both layers 27a and 27b have
been formed in a particular method. That is, a film of ferromaénetic material such as .
CoCrPt alloy or the like is formed on the second gap film 23b, i.§., one component of the.
_ inter-shield gap 23. ‘Then, this film is procéssed mto two.laycrs of a specific shape. As |
the bias layers 27aand27bapplya bias magnetxc field to the ﬂux-gmdmg element 24, the.
'-e]ement 24 has 1 1ts magnetlc domain stab;hzed
The bias layers 27a and 27b are thm layers of for éxample, CoCrPt. They are
: magnetlzed in a prescribed direction in the process of manufactunng the MR head 10.
Once .so magnetized, the bias layers 27a :_m_d 27b.apply a. bias. magnetic field to the -
-flux-gniding:element 24.:. | |
The MR element 25 has its resiétance changed as the eﬁemal magnetic field
chan'ges-in intensity. As mentioned above; the MR element25 lies belo'iv the flux-guiding. -
element 24.- To be more specific, it is provided on the first gap film 23a:_ (i.e:, one:
component of'tln_a'inter-shield gap 23), not exposgd“ af the mediﬁm-facihg surface 10a, |
That end part of the MR element 25, w_hich is closer to the -mcdium-fécing surface 10a -
* _ than the other.end part,. overlaps that end .part of the.ﬂux—guiding element .24, whichis
farthc_xj 'i.‘rom- the surface 10a than .t.he other end patt 'N'amely,..ﬂle MR element 25

. .overlaps.the ﬂux-guiding element 24 for é distance S, as. shpwﬁ in FIG. 6, with a part of
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the second gap film 23b interposed between the elements 24 and 25.
The MR element 25 is, fon example, a GMR (Giant .Magneto-.Resistive) element
of spin-valve structure, which exhibits a giant magnetoresistance effect. AsFIG. 7 shows,
the GMR element (ie., MR elemenl 25) composes an.anti-ferromagnetic .lay'er 25g a
,. magl;‘etized layer .tpin léyer) .25b, a non-magnetic conductive: leyer 25¢, and a .
ma_g_xletizetion-ﬁee layer (free layen) 25d. The anti—ferromagneﬁc layer 25a is made of .
Pt-Mn elloy or the like. The magnetized layer 25b.is made of Ni-Fe alloy,-Co, Co-Fe
alloy, Co-Ni allcy', Ni-Fe-Co alloy or the like. The non—maghetic layer25¢c 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 éllo_y orthelike. The bins magnetic field emanating from the anti-ferromagnetic:
. layer 25a- determines the.direction ini which. the pin layer 25b ie-magnetized' ' The :
magnenzatmn direction of the free layer 25d changes in accordance with the 31gna1
magnetxc ﬁeld
| The layers constituting the GMR element of spin-valve structure; i.e., ‘the-MR .
element 25 have been formed on the first gap film 23a; one laid upon another in the order
'..they have been menhoned Thus, the free layer 25 d hes closerto the ﬂux—guxdmg element
: 24 than any other. constltuent layers of the GMR element
| .As. FIG 5 illustrates, a pair of bias/electrode layers 28a-and 28b. are connected to .

the lateral edges of the MR element 25, respecnvely .The bias/electrode layers 28a and
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28b perform two functions. The first function is to apply a biés 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 element 25. The
. biés/e]ect_rode layers 28a angi 28b havé been fofméd in a particular manner. Thatis, a
laﬁﬁnated' film composed of,, for example, ;1- CoCrPt a]loy film, a TiW film and a Ta film
is. formed. Then, tllé.la;rﬁnated film is procesé'-gd into two layers of a specific shape,
| v_v_hich.are_ magnetically.and elecu'ically co.m.lectcd,- at one.end, to the lateral edées of the
MR element 25. As.shown in FIG. 4, the other end éf each bias/electrode lgyer lies
outside the interface between the first and secoﬁd substrates 11 - and 12. The -
: :bias/electfode layers 28a-and 28b are §dnnécted, at the other.en_i to two terminals 29a
.~ and 29b, fespectively. The terminals _29a-and 29b-are made of electrically conductiye-
_ matenal | |
The CoCrPt film included in each of the blas/electrode layers- 282 and 28b.is
;1nagnet1zed in the course of manufacturmg the MR head 10.. Once the CoCrPt ﬁlms are .
-magne_tlzed,'bo_th blas/electrode layers 28a and 28b work as permanent magnets. Thus,
the layefs. 28a and 28b-therefore apply bias magne;tic fields to the MR element 25.
Itis desired that the bias/electrode layers 28a and 28b be configured to apply bias
. magneﬁc fields to the MR element 25 in the widthwise direction of the.tracks. If the

. layers 28a and 28b are s0 coﬁﬁgur_ed, the free layer 25d- of the MR element 25 is.
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magnetized in the widthwise di;ection of the track when no signal magnetic fields are
. api)lied to the MR element 25. Thué, the free layef 25dis magnefized in the direction at
- right angles to the direction in which the pin layer 25b is ﬁ;agnetized._ The MR element
25 can f_herefore achieve a prb‘minent magnetoresistance. effect.
. .. Inthe MR head 10 it is desired that the Biés magnétic fields the bias layers 27a and
27b apply to the flux-gui diﬁg él ement 24 exténd inthe same direction asthebias méglneﬁc
fields the biasfelectrode layers 28a .and 28b api)ly to the MR element.25. If the bias
- magnetic fields applied tc;' the flux-guiding element 24 éxtend in the same direction asl the
bias magnetic field is applied to the free layer 25d of the-MR -element 25. The
flux-guiding element 24 can therefofe guide the extemal._signai] magnetié fields tb the MR
element 25 with high efficiency. . | . o |
The sﬁppor_t member (not _sl_lown), which holds.the MR head 10, has a terminal
section. To the terminal section; the terminals 29a and 290 of the MR-head-10 are-
: e]'ectricélly connected.. The MR head 10is ihereby connected to the circuit section of the -
r_ecording/— reproducing apbaratus. 'fhe circuit section-of the -recording/ reproduciné
' .aj)pé_ﬁ'a‘t-us égpplies the sense current .to the MR element 25 through'the terminals 29a and- -
' 29b aﬁd_bias/e_lectmde layers 28a- and 28-6. Thé resfstance ofthe MR element 25 ch_énges :
.. in abéordanqe with the s'ignal-. fnagnetk field. The resistance change is détécted asa

 voltage change.in the magnetism—dgtéctin’g section 13.
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The ﬁpper magnetic shield layer 22 is, for example, a layer of soft magnetic
material such as.Ni-Fe alloy, amorphous material sucﬁ as ZrNbTa, or soft magnetic
material such as Fe-Si-Al allby. The Iéyer 22hasa thickhess of, for example, about 3pm
and is deposited on ﬁme flat surface of the third gap film 23c (i.e.; one compo_henf of the
inter-shield gap.23). The layer 22 has been proc.;ess;cd té have a specific shape. As.
- . pointed out above, the upper magnetic shield lajé; 22 céoperates with the lowerﬁagnetic
. shield layer 21 td shield the extémal magnetic ﬁel_ds,‘ i?e;,.tl)e magnetic fields other than -
~ the signal magnetic field emanaﬁnéﬁ‘om thé inagneﬁc tape T. The upper magneﬁc shield
. layer22 is boned to the'second substrate 12, whereby the MR hea_d 10 of the structure
shown in FIG. 4 is provided. : |

- The'MR head 10 is held by tﬁe support member andisgclired-t'o the rotary dium 3
| of the rotary magnetic head device 1. When the electric motor roiatés the drum 3, the MR
| .head- 10 -slidé_s on thie recqrdipg‘surfaée- of tile magneiic:tape T mppéd around the outer. -

. circumferential -;s.lirface= of the devicé i, while moving ﬂoﬁé -2 line incliried. to- the
| lengthwise direct_ioh of the magnetic tape T.' At this time, the flux-gniding element 24,
| .which is exposed at the fneditirﬁ-faciné émfac':g 10a, ﬁbsdrbs the signal magnetic.field .
emahaﬁﬁg‘from the magﬁeﬁc -fapé T and gﬁdes fh_e éfgnal magnetic field to the MR
- . element 25. The resistance of the MR eleﬁient 525 cha_iﬁges in accordance with the signal :

magnetic field. The resistance chahge is detected as a voltage. change -in the. -
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magnetism-detecting section 13. Thus, the MR head 10 reads the magnetic signal
recorded on the magnetlc tape T. |
. Inthe MR head 10 accordmg to this invention; the MRelement 25 would not slide -

on the magnetic tape T because it is not exposed.at the medium-facing surface 10a. The
MR element 25 will neither wear nor make noise while reading magneti ¢ signals from the-
. magnetle tape.T. Hence the MR head 10 can readmagnetlc signals from the tape T, with
high. rehablhty |

In the MR head 10, the flux-guiding element 24 and the MR element 25 lie at
different levels. In ad(lition, one end part of the MR element 25, which is closer to the -
medium—facing surface lOa' than the other end part- overlaps .one ‘end part of the
ﬂux-guldmg element 24, which is farther from the surface 10a than the-other-end part
Further, ‘the second gap film 23b is mterposed between the elements 24 and 25
Therefore, the dlstance between the elements_ 24 and 25-can be:set at a very small _value :
nvith high t)reeision.': This much enhances the efficiency of t’ran-smitting a signalmagnetic -
-ﬁeld ﬁom the flux-guiding element 24 to the MR element 25.

In the conventional MR head, the MR element and the. ﬂux-gmdmg element are
:.pbsmoned_ at the same level. The distance betwee_n these elements is .therefore the. gap
between-"one-.end of .the MR element and that eml of the flux-guiding element which -

opposes eaid end of the MR element. Hence, the thiclmese of the electrically insulating
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film deposited on that end of the MR element detenni_nes the distance between the MR
 element and the flux-guiding element. It is extrenlely difficult, however, to form the.
- insulating film to a desired small thickness. The MR element and. the flux-guiding
element can hardly be spn_ced anart, precisely by the desired distance, Even ifthe distance.
.differs only a little from the desir'ecl value, the efficiency of transmitting a signal. .
.maghetieﬁeld frorn the flux-guiding element td;ilxe MR elemenf will greatly deciease.
I the MR héad 10 ofthe present invention, one part of the MR element 25 and one
part of the flux-guiding element 24 overlap,.with the second gap 'i.ilm-23b interposed -
- betweén the elements 24 and 25 .- Thus, the thickness -of the second. gap film 23b
determines the distance between the elements 24 and 25. Itis relatively easy‘to control
- the thickness of the second gap ﬁlm 23b. The distance bel\aveen the MR element 25 and
the flux-guiding element 24 can therefore be set the des1red value w1th high precision.
As aresult, the signal magneuc ﬁeld is transmiited- ﬁ'om the ﬂux-gmdmg clement 24 to..
. the MR element— 25 with a_wery high efficiency. - Indeed, the efﬁc1ency of transm1tt1ng the .
: signal magnetic ﬁeld ﬁom the element 24 to'the MR element 25 inay decrease when the
: dlstance between the element 24 and the MR element 25 changes Nonetheless, the
-decrease in the- s1gnal-transnnttmg efﬁclency is far less than mthe conventional MR head. .
‘This is becanse the ﬂux-gmdmg element 24 and the MR element 25 pattly overlap each:.

. ‘other..
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The inventors hereof conducted two-dimensional simulation to determine 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 i)resent invention. In the two-dimensional

simulation, the distance between the MR element and the. ﬂux-gu_iding element was used

as parameter, for both.the conventional MR head.and the MR head 10 (thé present
.invention). F IG. 8 is a graph representing tlch reéults'oﬁthe'twoﬁhnensional simulation.
In the graph, the ordinate indicafes the flux density normalized; -assux;iing that thé flux
density will be 1 if the MR element and the ﬂux—guldmg élerﬁént contact eéch oth_ér inthe
conventional MR head. The abscissa indicétés the distance betweeﬁ the MR element and
- the ﬂux-éuiding element. Inthe graph, the solid line depicts how the flux-density ﬁhanges
iﬁ ﬂi@ MR element 25 of the MR head 10, and the broken line shbws: how the flux density:
changes in the MR element of the conventional MR head. |

.. As.seen from FIG. 8, the signal-transmitting éfﬁéiency-abrupﬂy-falls to decreases

‘the flux. density in the MR element in the converitional MR head when-the distance’

bet_v)'een- the MR element and the flux-guiding element chaﬁges but a little.” In thé MR:

head 10 abcording-to this invention, the signal-&arisn_ﬁtting efficiency gradually falls as

~_the.distance between the MR element 25 and the flux-guiding elem'ent.-24'increéses.~
-Obviously, the decfease of the flux density in the MR element 25 decreases, but far less-

' than in the conventional MR head. A practical value for the distance between the MR .
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element 25 and the flux-guiding element 24 may be, for example, about 10 am. Ifthe MR
. element 25 is spaced apart by 10 nm from the ﬂux—'guiding .e]ement_ 24, the flux density
. in the MR element 25 can be raised to 1.5 times the value nOSSible with the conventional -
MR head. This advantage of the MR head' 10 .ove_r.the conventional one may be ascribed ...
. to the fact that the. flux-guiding element 24 and the MR elem_en't'.25 partly everlap each
ther : : .
| ..Thedistance S for which the MR element 25 overlaps the ﬂux-gmdmg element 24
greatly influences the efficiency of transrmttmg the s1gnal magnetlc field ﬁ'om the

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

- efficiency can be- enhanced by setting the distance.S at an optimal value. If the -

51gna1—transnntt1ng efficiency is enhanced, the flux density in the MR element 25.canbe
increased to a maximum. The maximum ﬂux den51ty in the MR element 25 depends on
. the-distance between the lower magnetlc shield layer 21 and the upper magnetlc shJeld. -
.. layer-22.. It depends also on whether the groove 26.is rnade in the lower magnetic shield *.-
layer 21 or the upper shield layer 22 ‘Further, 'tt'depends onthe lengﬂl (or MR height). of
+the MR-element 25 as measured in the: direction. perpendlcular to the medmm-facmg
surface 10a. 'I'he results of the two-dmlensmnal sxmulatlon teach that the maximum flux -
. density in the MR element _25 canbe ralsed.to amaximum, prov1ded that the overlapping

distance S falls within a specific range.
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The inventors conducted another two-dimensional simulation to determine the
maximum flux density in the MR element 25. Inthis simulation,.the ratio of the distance.
S to.the length (or MR height) of the MR elemeﬁt 25 was used ae paralﬂeter. FIGS.9to
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 § fo the MR height, -

“To be more speciﬁc? FIG. 9 shows how thie maximum flux density changes. with.
the ratio ef the distance S to the MR height in the case Where the MR height is 3. um'and
- the l_ewer ‘magnetic- shield layer 21 has a groove 26 that is- l -um -deep, for various
. distances by, which the-shield layers 21 and 22 are spaced apar.t."-In FIG: 9, the solid line
indicates how the maximum. flux density changes when the shieldhlayers 21and 22 are .-
spaced apart by a disfance 0f0.25 pm. The broken lihe indicates' how the maxunum flux
dens1ty changes when the shield layers 21 and 22 are. spaced-apart by a dlstanee of 0.3.
© pm. The one-dot, dashed line indicates how the maximum flux den51ty changes when the
: slueld layers 21 and 22 are spaced apart by a dlstanee of 0.35 pym. -

h FIG :10 depicts how the maximuni flux deﬁsity cha'ng'es v;rith the'ratio of 'the=
overlappmg distance S in the case where the MRhelght 153 pm and mter-shleld distance |
of 0 3 p,m, in two partlcular cases The sohd line indicates how: the maximum ﬂux

dens1ty changes in the case where the lower magnetlc shleld layer 21hasa groove 26 that
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is 1 pm deep. The broken line shows how the maximum flux density changes in the case
.where the lower magnetic shield layer 21 has no groove 26. -
. .FIG. 11 depicts how the maximum flux ciensity inthe MR element 25 ehanges-with
.the ratio of the overlapping distance S in the case where no groove 26 is made in the lower -
magnet:c shield layer 21 and the MR height is 2 um
As seen from FIGS. 9.to 11, the maximum flux density in-the MR element 25 is
- very high if the ratio of the distance S to the MR: helght.ls -about.20%, regardless:of "
whether the groove 26 is made or whicltever value the MR height has. As long as the
ratio of the distance S to the MR height remains within a range of 15 to 25%, the
._maximum flux density in the MR element 25 can bé:sufficiently -high. -
“In the MR head.lO wherein— the ﬂux-gltiding element 24 and the:MR element'-25 3
partly overlap each other, the efﬁclency of transmitting the si gnal magnetic field from the
. - flux-guiding element24-to the MR element 25 is as high as desired, only if the ratio of the
-distance S to.the MR height falls within the r'ange of 15to -25% Namely, the-operatmg :
efficiency ofthe MR element 25 is so high that the MR head 10 may generate a very large :
. output
- The MR element 25 descnbed above isa GMR element of'spin-valve structure that -
exlnblts a glant magnetoremstance eﬂ‘ect Nonetheless the MR element 25 may bean..

AMR- .(Amsotroplc Ma_gneto-Res1st;ve)- ele_ment .that : exhibits-. an. anisotropic
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1nag11etoreslstanee effect, or by a GMR element of any structure other than the spin-valve
structure.  Alternatively, the MR element 25 may be a TMR .(Tunneling
Magneto-Resistive) element. Whichever type of an MR element is used, the MR head 10
can attam the same advantage | |

If the MR element 25 is an TMR element the MR head 10 is modified as shown-
i'n. FIG. 12 in order to make .the sense current flow.in.a dlrectlon perpendicular to the'-
surface- of .the TMR: element.: - More speciﬁcally,. an -upper electrode 31 .made of-.
| electrieally conductive material is provided on the aecond gap film 23b (hne eomponent
of the i_hter—shield gap 23). The upper electrode 3}is connected at one end to the upper -
surface of the MR element iS. The terminal 29ais mounted on the other end of the upper. -
~ electrode 31.:In the MR head 10 of FIG, 12, the first gap film-23a:lying immediately - -
below the MR element 25 is made of ndn-mag_ﬁe_tlc miaterial such as Ta and ﬁmctio_as as
the loWer'.elech‘ode. The terminal 29b is cqnneeted.to one €nd of ;the‘ﬁrst gap film 23a- -
-which:is more remote than the other end from the medi'um-facing surface-10a.-
| If the MR element 25 is an TMR element the: blas/electrode layers 28a and 28b :
made by processmg a laminated CoCrPt/TxW/l‘ a layer or the like are replaced by -
-msulatmg bias layers made of, for example Co-yFe203 The msulatmg ‘bias layers serve.'
to-stahllxze the operating characteristics of the TMR element. :

. The .TMR element is an laminated -ﬁlm_ comprising, for example, an
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maﬁ-fefromagnetic Jayer made of Fe-Mn alloy, a magnetized layer (pin layer) made of
. Ni-Fe alloy, Co, Co-Fe alioy, C(;-Ni alloy, Ni-Fe-Co alloy or the like, an insulating layer.
| made of AlL,O, or the like, and émagnetizéti on-free layén (free layer) made of Ni-Fe alloy,
Co, Co-Fe alloy, Co-Ni élloy, Ni-FQ-Co alloy or the like.. Theée layers are provided on -
the first gap film 23a, one laid upon another in the 61;der they are ﬁnentionéd.- The free. -
layer is positioned closer to the ﬂux'-guidin.gl eleﬁent 24'thén ar_ly: other layers.
... Inthe MR head of FIGS. 5 and 6 and the MR héad_o-f FIG.'..l?, thé MR éelement éS
lies below the ﬂux-guidiﬂg element 24. Instead, the .MR element 25 ma.y lie abové the
- flux-~guiding element 24 as is illustrated in FIG. 13. That is, the MR element 25 may be
+ located closer to the uppéf-mzignetic éhield layer 22 than the'ﬂu_i-_-guiding element24. In -
. th1s case, too; the MR heaci .IO_éﬁﬁﬂs the same advantage-as the_MR head-of FIGS. 5 and -
6 and the MR head of FIG. 12. Moreover, t_hg magneﬁc anisotropy 5f tlie flux-guiding
. element 24 can be well coﬁtrolled, wiﬂi(;ut thermallydamagmg the MR element 25; even
. :-if'tﬁe.-element 24 is-subjected to heat treaﬁnent, suchas anne'aiing, at a relatively high -
+ temperature. This is because the MR element 25 is formed éftélf thé .ﬂux-gq,iding element -
:24 has.been fo'm-led; - N
o In the structure of FIG. 13, wherein the MR;lelﬁént 2.5"1ies abéve the ﬂux-g-uiding.
element 24, the upper magl?etic .shield layer 22 _'and;the'eler'r;e.nt 25 may not be spaé_ed_-I

apart by a distance long enough to insulate the upper. magnetic shié]dglayer 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 mzignetic shield layer 22, which lies immedia_tely above the‘MR ,—
| element 25, thereby to provide.a suﬂ‘_icient gap between the shield layer 22 and the MR
element 25. If such agapis provided spacing the MR. element 25'snfﬁciently froin the .
shxe]d layer.22, the s1gna1 magnetlc ﬁeld gulded from the element 24 to the MR element .
25 wxll be rehably prevented.from. leakmg to the upper magnetic-shield layer 22. This.
renders. 1t'pessible to suppress the decrease in the efficiency of u'ansnutt-lng:the s1gna1 :
magtlefie: field from the element 24 to the MR element 25. In addition, the bfeaicdown 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. .
" In:the MR head of FIGS. 5 and 6, the MR head of FIG. 12 and the MR head of -
F IClrr 13, one flux-guiding element 24 is previded near the medium-facing surface 10a.
- As shown in'FIG. 14, the second ﬂuxfguidin'g element 32 xnay be provided.at a position
rein_pte-ﬁ-.om the medium-facing surface 10a. The-second ﬂux-guidingaelementBZ"‘isﬁ'
: p'rovideci on the second gan film 23b. (an electrically msulatmg film)." It has-one end part -
which is eloser to the surface iOa than the other end part and which overlaps tnat end part :
of ﬂle MR element 25 Whlch is faﬂher from the surface 10a than the other end part |
. As mdlcated above, the seeond flux-guiding element 32 one end part overlappmg

: ﬂlat end part of the MR e]ement 25 whxch is farther from the surface 10a than the other o
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end part. The signal magnetic field emanating from the magnetic tape T can therefore be
.efficiently transmitted to the MR element 25. Furthermore, the second. ﬂui-guiding
element 32 can efficiently transmxt the sxgnal magnetlc field to the MR element 25 if the
ratio of the distance the second ﬂux-guldmg element 32 overlaps the MR element 25 to
- the MR height falls thhm the range of 15 to 25 %.' This enhances the operating efficiency -
of thé MR. element.Zf and, ultimately, ihcreasés;.;hé oﬁtput of tﬁe MR head 10.

-A method: of manufacturing an MR head 10 accordin‘g.-to this invention will be
described._‘Note' that this MR head 10 has an inter-shield distance of 0.3 pm ar_xd a tack
width of S um;.comprises a GMR _elefnent of spin-vaive structure used as MR element 25 -

.and can recolrd. data st the density of 1 Gbit/inch’. . Generally, one block is=processed, :
forming a number of MR heads 10 in the block,.and isithen cut into pieces, thus providing
many MR heads 10 (FIG. 4) at ;cltime-. Nonetheless, the method will be explained, with

.-reference to FIG. 15 to 30, wh1ch show only one MR head.. l-

- -AsFIG.15 shows a non-magne’ac substrate (first substrate) 11isprepared at first.

The substrate 11 is coated with an oxide ﬁlm. A soft-magnetic thin film of Ni-Fe alloy,
F c-Si-.-‘Al alloy or '.fhe: like '_is formed dn the ﬁrst substrate- 11.by r'ne'ans' of sputtering, -
plaﬁnﬂg.'...or the liks. The thin film has a .-t'hicl_cness. 6f,'-f6r :eiarﬁple,i 3 pym.- The

. =soﬂ-ﬁagp¢ﬁc thin film is -s_l.lbjected to photolithoéraphj_r and’ion etching,-ﬂlﬁs processed.

to.a lower magnetic shield Iayer 21. The shield 1_ajer 21.is provided on the first substrate .
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11 and has a prescribed shape, as is illustrated in FIG.. 15. |

Next,. the lower magnétic. shield layer 21 undergoes photolithography and ion |
etching. A groove 26 about 1 pm deep is therebsr made in the upper surface of the shield
layer 21 as is illustrated in FIG; 16. Du_ring the_photolithogfaphy’, the photé resist is
heat-treated in.specific conditipns, 1mpart1ng a taﬁered cross section to.the ph-oto.resist,
before the ion etclﬁng is performed. The grobvé 26 therefore has side walls that incline
ata, sp'ééiﬁc 'a'ngie of, for example, 45°. -

Thereafter, a non-magnetic, non-conductive film of, for example, Al,0,, isj formed
on the lov;ler magnetic shield lavyer 21 having the groove 26, by means of sputtering or the
llike. Thg non;magrletic; non-conductive film has a-thickness of,-for example, abou_t.2.5-'
. pm. .~ This film is polished by lapping using djamond grains, chémical...polishigg'- ora-
similar technique, _u_ntil the u'ppjcr. surface of the lower magnetic shield layer 21is e_xposéd.
The groove 26 s théreby filled wiﬂ1 non-magnetic, electrically conductive material. Thus,

- the structure has a flat upper surface.

A non-magnetlc non-conductlve film of A1203 or the llke is formed on the lower
: magnetlc shield. layer 21 havmg the ~groove 26 filled wﬁh the non-magnetlc
' non-conductwe material, by means of sputtering or the hke toa predetenmned thickness.
This non-magnetlc non-conductive filmis pohshed by, for example chemxcal pohshmg, :

until it becomcs, for example, about 42.5 nm thlck. As a result; the structure 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 1aminated_ film 40_,' wh_ich -wi]l be processed into.a GMR
element (MR element 25) of spin-valve éuudnﬁe, is foﬁ_ﬁ_ed on the smooth first gép film
. 23a by. sputtering or the like, to a thickness of, for exaﬁple,— 50 nm.. The laminated film .
401is so positioﬁed that the c_aasy magngtization ax1s of the free layér of the GMR element
extends-parallel to the .médium-facing surface 10a;wh_i1e .'I'xo-ma.g_nétic field is applied to.
| the GMR element and that the easy magnétizétibn axis of the pin léyer _cxténds

~-perpendicular to the medium-facing surface 10a. A-fre_e layer is formed on the uppermost
‘layer-so that it may be located quite close to the ﬂux;guiding-elelhent.24 that will be
formed later... | o _ .
Next, as shown in FIG. 19, aphoto r_ésist pattern 41 is formed on the laminated film
. - 40. by photolithography.- “The photo resist paﬁem- 41 will _Be used to fofn_x a.pair of
bias_/eléctrodg layers 28a and 28b. The pa?tefn 41 has opén_iﬁgs 4la and 41b that lie at -
positioné §vl_ier5 the bias/electrode layers 28a and 2_8b' will be i)fovided; Usiﬂg the pattern -
‘41-as mask, ion- etching is carried out, remd'ving.tl_lbs'g' parts of the Imninafed film 40
-which lie ét. fhe poéiﬁons where the layeis 28a a-nd'28b..wili-'be formed.
- -The_bias'/clectrode layers 282 and 28bare 'to be._;foﬁned aﬁd.céﬁnectgd to the ends

of the MR element 25. It follows that the MR e_lemenf 25 w'ill.be provided at the position .
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that is determined by the positions the openings 41a and 41b take in the photo resist
pattern 41. The positions of the openings 41a and 41b are therefere determined by the
| MR height of the elem_ent 25 and the size of the element 24, so that £he distance for which
the MR element 25 should overlap the flux-guiding element 24 may fall within theLrange |
of 15 t_o'2.5.%. : ' |

As FIG. 20 shows, a laminated filin 42 such as a CoCrPY/TiW/Ta layer is formed
.on the photo resist.pattern 41 by sputtering or the like; to a thickness et; for example; -
about 50 nm, The lmsinated.ﬁh:n'42 will be processed to provide the bias/ electrode layers
28aand 28b. Those parts of the laminated film 40, which lie below these pai'ts of the film-
-42 which will B_e the layers 28a and 28b have-already been removed. - Hence, the:
laminated film ‘42 to be proc-essed to i)rovide the layers- 28a and 28b is formed above the-
first gap film 23a that i is one component of the inter-shield gap 23

Then, the photo resist pattem 41 and the laminated film 42 are removed by means -
. of lift-off method..-As shown in FIG 21 the bias/electrode layers 28a and 28b are now
embedded in the laminated ﬁlm 40.-

As FIG 22 shows, a photo resxst pattern 43 is formed on: the blas/electrode layers-
. 28a.and 28b bndgmg these layers 28a and 28b, by photohthography The photo resist |
pattern 43 lies above the laminated film 40 t_lxe_posltlon where the MR.e_lement 25 will be:

.formed. Using the pattern 43 as mask, ion etching is performed. The laminated film is
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thereby remened, 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 the bias/electrode layers 28a and 28b. Then, a non-magnetlc non-conductlve film of
AlLO, or the like is formed, by sputtering or the llke, on the first gap film 23a on which. .
the. MR element 25 lies and connected to the biae;}e]ecuode layers 28aand 28b. This film
18 -polish'ed. by chemical polishing or the like, until its part lying on the MR element 25 -
gfows thinner to about 42.5 nm. In other vi_/er_ds, the non-magnetic, nen'-conduct_ive film
is polished until the distance between its upper surface and the upper surface of the lower
magnetic shield layer 21 decreases to 135 nm. As a result, the second gap film 23b is
forined on the first gap film 23a, covering the MR element 25 es is illustrated in FIG. 23: -
- The second gap film 23bis an electrically insulating film that is interposed Between
- theMR element 25-andthe ﬂux-gmdmg element 24. The thicknessofthe second gap film -
‘23b determines the distance between the MR element 25 and the flux-guiding element 24.:
- Asshownin FIG 24,a soft-magnetlc film 44 of Nl—Fe alloy or the like is fonned
~onthe second gap film 23b havmg a ﬂat upper surface, by means of sputtering or the like:-
to.a tluckness of-about 30 nm. Note that the film .44- will -be processed into the.
. ﬂux-guldlng element. The soﬁ-lnagnetx;c ﬁhn 44 is subjected to magnetic anisotropy.

control so that it may have an easy magnetization axis that extends parallel.to.the
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above-mentioned medium-facing surface 10a. 'The magnetic anisotropy control is
accomplished by first forming the film 44 by sputtering in a magnetic field or upon the
second 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 formed on.the soft-magnetic -
film 44.by photolithography. The photo resist pattern 45, which wﬂl be used to form a
pair bf bias layers 27a and 27b, has openings 45a and 45b that lie above the.position
" where the bias layers 274 and 27b will be provided.- Using the photo-reéiét pattern 45.as: -
masi(, ion etching is carried out. Those parts of the soﬁ-magneﬁc_ film 44, at which the
bias layérs 27a and 27b will be formed, are thereby removed.
- The bias‘layers 27a and 27b will be formed and connected to the ends of the
- flux-guiding element.24.: Hence, the positions of the openings 45;41 and'45b made in the:-
photo resist pattern 45 will determine fhe position of the flux-guiding element 24. The
. positions. of _thé_ openings+45a and 45b are therefore deterﬁlined by the position and MR
. 'ﬁeight of the element 25 , so that the overlap disfance -of the elements 25 and 24 may fall- .
within the range of 15 to 25%. |
.- -Next, as FIG. 26 'shows, a ferromagnetic film 46 such-as a CoCrPt-alloy is fofmed=
on the photo-res'ist:pattém-45 by sputtering or the. like, to-a.thickness of, for example;
: abou_t- SOnm At this time, those part of the sofc;magnetic film 44, on which the‘bias.

‘layers 27a and 27b will be proi/ided, have been removed. Hence, the férmmagnetic film . -
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46 is formed above the second gap ﬁlm 23b;

Then, the photo fesist pattern 46 and the photo resist pattern 45 are removed by
‘means of lift-off method. As shown in FIG. 27,a i)air bfbias layers 27a_and 27b are now
.ethbedded in the soft-magnetic film 44. |

. As shown in FIG. 28, a photo resist éattem 47 is formed, by photolithogl'aplly, on
the. blas ‘layers 27a and 27b, bridging 't.hesé""'léyers- 27a.. and. 27b, and above the .
- soft-magnetic film 44. -The photo.resist patfeﬁl .47: lies above-.tixg position:where the
flux-guiding element 24 will be formed. Using thc. pat_téx;n 47 as mask, on etching is
performed. The soft-magnetic film 44 is thereby removed, -except' that part which will be
.:tﬁe.-ﬂui—guiding element 24. Thus, the ﬂux-éuiding element 24 1s provided, which is
-connected to the pair of bias layers 27a and 27b

After the flux-guiding element 24 co-nhected'to the bias layers 27a and 27b has
-been formed on the second gap film 23b, a_non-magnetic, non-c‘:onduct.ive film made of
.AL;O; or the like is:formed on the second. gap film 23b by.'sputtéring or the like to a

prescribed ihickncss This film is polished i)y Cheniiéél polisliing'or the like, -until its part-
lying on:the ﬂux-gmdmg element 24 becomes thmncr to about 135 nm.. As a result, the -
third' gap film 23c.is formed on the second gap ﬁlm 23b, covenng the ﬂux—guldlng

element 24 as is illustrated i in FIG. 29.

A soft-magnetic film of Ni-Fe alloy, aihorphdﬁ; material such as ZbeTa, Fe-Si-Al
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alloy or the like is formed on the third gap film 23¢ having a flat upper surface, by means
of sputtering, plating or the like to a thickness of about.3 ym. This soft-magnetic film is
subjected to photolithography and ion etching, acquiring a specific .shape.' Thus, the
upper magnetic shield layer 22 is founed on the third gap ﬁlm 23c asisillustrated in FIG. -
30.. | |
Next, terminals 29a and 29b made of electrically conductive material are formed

.by plating or the like, on the chér end of the bias/electrode layer 28a and the other.end-
of the bias/electrode layer 28b, respectively. Theruaﬁcr, thé second su‘bstrata 12 is
| bonded to the upper magnetic shield layer 22 with an adhesive or the like. - Cylindrical
s grmdmg is. performed on the upper edges of the first and second substrates 11 and 12, .
forming the medlum-facm g surface 10a and shapmg the entire structure llke achip. Thus, -
the MR head 10 of _th_e type shown in FIGS. 4 and 6 i is manufactured.

- Described abc_»ve is .thg.metho,d of manufacturing the MR head 10 that has a GMR -
elemeut of spinwalve structure, or .an- MR element 25. The MR element-25 may be
-replaced by a 'I‘MR element. If this i$ the case, a sense ctu:rent; flows, perpeudicular to
the TMR element that is-a film. Hencc the MR head 10 is manufactured in a method -
: somewhat dlfferent from the above-descnbed method of manufactunng 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 steps that differ from those of the
method of manufacturing the MR head 10 havin g a GMR element of spin-valve structure.

To manufacture an MR head 10 having a. TMR element for an MR element 25,.
almost the same steps are performed as in the method of manufacturing the MR head 10
having the GMR element of spin-value structure, until the MR element 25.is providéd on
the first-gap film 23a. - However, the first gap film 23a.is made of non-mégnetic,
electrically. conductive material sqéh as Ta, to function.as lower electrode. The MR
element 25 is a TMR ‘element, not a GMR element of spfn—value structure. - The
uppermost layer of the TMK element is a free layer, which lies more close to the
.flix-guiding element :24-than any othér constituent layers of the 'IMR-element. Further,
.an insulating bias layet of, for example, Co-'yFezos- or the hike is provided, in place-of a .
pair of bias/electrode layers 28a and 28b. |

-After the MR-element 25 has been fornied on the first-gap film 23a,-a-second gap
film.23b.is forméd on the first gap film 23a. The. sécond gap film 23b-is made of .
non-magneﬁc,— nqh—conductive material, such as ALO,. ‘A part of the secoﬁd gap film 23b;
which lies.above the- MR element 25, and éﬁother part of the film 23b, which is spaced -
apart by a pfescribéd distance from the rﬁedium;faémg surface 10a, are removed by -
liﬁ-off method ora similar method. Two contact hqles 51 and 52 are thereby made in the

second gap film 23b as is shown in FIG. 31: The first contact hole 51-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 formed 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 otl_1er end of the uppef electrode 31 lies, spaced away from the mediuﬁle-facing .
surface 10a.

. A flux-guiding element 24 is. formed on the second gap film:23b on which the-
upper electrode 31 is now provided, in the same manner as m the 1ue§hod of
1_n'anufacturi'ug 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 23c miade:of non-magnetic,
non-conductive material such as Ale3 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
contact hole. 52-,-respec_t1vely;- are removed. Two contact holes'53.and 54 are thereby
made in the thlrd gap film 23c. The contact hole 53 exposes the'upper electrode 31, and -
the eontact hole 54 exposes the first gap film 23a

“A soft-magnetlc film of Ni-Fe alloy, amorphous material such as ZrNbTa; Fe-Si-Al -
alloy or the like is formed on-the tlnrd gap film 23c. having a flat upper surface “This
soft-magnetlc filmi is subjected to photohthography and ion etching; acqumng a spec1ﬁc :

.shape. Thus, an upper magnetic shield layer 22 is formed on the third -gap film 23c asis--
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illustrated in FIG. 34.

.As shown in FIG..35, terminals 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 contact hole 54 and is conmiected to the other.
end of the upper electrode 31. . The tenﬂinél 29b extends thrpugh the cbntéct holes 54 and -

52 and is connected to the first gap film 23a ﬂui'f‘;serves as lower 'é]ecfrdde.

Thereafter; a second substrate 12_i§ bonded to the upper magnetib shield layer 22 - .
with an adhesive or the like. Cylindrical glinding- is performed on the ﬁppcr edges of the
first and second substrates 11 and 12, fonning the medium-facing surface 10a and shaping
the entire structure like a chip. Thus, an MR head 10 is manufacthred, which has the MR.

.elefnent' 25 that.is a TMR element.
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CLAIMS

L. A magnetoresistance-effect magnetic head having a medium-facing surface
and .comprising -an upper magnetic shield layer, a lower magnetic shield layer, ‘an
- inter-shield - gap provided betw_eén the upi)er and lower magnetic shield layers, -a.
. magnetoresistance-effect element provided in the inter-shield gap and not exposed at the .
.medium-»faéing surface, and. a ﬂux-guiding. elgﬁent having one end exposed-at the
medium-facing. surface and configured to- guide: an. external ‘magnetic field to.the -

magnetoresistance-effect element,

wherein the magnetoresistance-effect element is arranged at a different level from
- the flux-guiding: element, an electrically insulating film s intérp;)sed between the
magnetoresistance-effect element and the flux-guiding element, t_haf part of ‘the.
maglletoresistancefcffect elément which lies close to the medium-facing surfac;e overlaps
that part of the ﬂux-guiding element which lies rémote from the medium-facing surface, -
and tile magnetoresistance-effect element ovérlaps the flux-guiding element for a distance
that falls within a range of 15 to 25% of the lengﬂl of the magnetoresistance-effect

element as measured in a direction perpex;cii_qular to the medium-facing surface.

| 2. The magnetoresistaﬂce—eﬁ'ect'magné.tic head according to claim 1, whe'reiﬁ :
at least one of the magneﬁc shield layers, which lies close to the magnetoresistancé-effect

element has a groove aligned with the magnetoresistance-effect element.
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3. mmmmhmweﬁwtmaétwﬁchwdamﬁngmcMmlorZ,m
comprising another flux-guiding element that has -one part lying close to the
medium-facing surface and overlaps that part of the magnetoresistance-effect element
which lies remote from fhe medium-facing surface, wifh the electricaliy insulating film
interposed. between the other ﬂqx—guiding element and the magnetoresistancé-—effect
element. | . | |

4..  Themagnetoresistance-effect magnetic head according to claim 1,2 or 3, wherein
the magnetoresistance-effect element is a giant magneto-resistive element of épin—value
structure. |

- 3: . Themagnetoresistance-effect magnetic head'accord'i'ﬁg to claim 4, wherein
the giant magneto-resistive éle_'me_nt of spin-.i)alue stmqmi'e is a laminated 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 tunnelihg magneto-
resistive element that achieves a ferromagnetic tunneling magnetoresistance effect.

7. The magnetofesistanpe—effeo’t magnetic head accprding to'claim 6, 'wherein
the - tunneling - .magneto-resistive element is a laminated layer including a
magnetization-free léyer provided '_a_t the flux-guiding élt_ﬁmgnt. |

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

47

A RO .



preceding claims, further comprising:
bias/electrode layers conﬁgured to apply a bias magnetic field to the
. magnetoresistance-effect element in a track-width direcﬁon and to supply a sense current
to the magnetoresistance-effect element; and
. . .bias. layers configured tb apply a bias magnetic field. :'co - the.
magnetoresistance-effect element and a bias magnetic field to. the flux-guiding element
.in the same direction the bias magnetic field is applied to the magnetoi‘ésistance-eﬁ‘ect

element.

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

any one of the preceding claims.
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