SPI N VALVE EFFECT ‘MAGNETORESI STI VE HEAD AND | TS MANUFACTURI K6t '&rﬁib
O -THE | NVENTI ON The present invention relates to a nagnetor@§mé? SeCQPR)
head -utilizing the spin valve effect and to a nethod of manufacturing tte
MR head. DESCRIPTION OF THE RELATED ART A spin valve effect elenent is
known as one of elenments providing the giant nmagnetoresistive effect. This
spin valve effect elenent has a sandWﬁdﬁeﬂ structure with two nagnetic
material |ayers separated by a non-nagnetic material |ayer. An

ant i f err omagnedp N PAEHE SEFFEYEMAGNEPORESTE SETVE) IAD 3AND WiTd one of the
two uncoupl ed magnetic material |ayers so as to produce an exchange bi asing

magnet i ¢ MANUFAGFURTRG rMPPGWary and to apply it to this nagnetic materi al
| ayer. Therefore, this one magnetic material |ayer receives the biasing

magnetic field, whereas the other magnetic material |ayer receives no
bi asing magnetic field so that nmagnetization switching is introduced by

di ff er entpymanedp oriie etviReE Y@en the two magnetic material |ayers. The
magneti zat1on directions of the two magnetic material |ayers therefore

change betweenpid pagfhe! 1éhtfoR i TRESs | €8 AVhidgeedrostetive (MR)
al resistivity of this spin valve effect elenment greatly varies to
head utilizing the spin valve effect and to a method of

manufacturing the MR head.

DESCRIPTION OF THE RELATED ART
A spin vaive effect element is known as one of elements

providing the giant magnetoresistive effect. This spin valve
effect element has a sandwiched structure with two magnetic
material layers separated by a non-magnetic material layér. An
antiferromagnetic material layer is laminated in contact with
- one of the two uncoupled magnetic material layers so as to
produce an exchange biasing magnetic field at their boundary
and to apply it to this magnetic material layer. Therefore,
this one magnetic material layer receives the biasing magnetic
field, whereas the other magnetic material layer receives no
biasing magnetic field so that magnetization switching is
introduced by different magnetic-field between the two magnetic
material layers. The magnetization directions of the two

magnetic material layers therefore change between in parallel
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Y
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2 obtain the large MR effects. US Patent No.5, 206, 590 di scl oses a
conventional MR head utilizing the above-nentioned spin valve effect. Fig.
1 schematically shows a sectional view of this MR head. In the figure,
reference nuneral 1 denotes a substrate and 2 denotes an under |ayer
deposited on the substrate 1. On the undey layer 2, a first thin filmlayer
of soft ferromagnetic material 3 is deposited. On the first layer of
ferromagnetic material 3, a thin filmlayer of non-magnetic netallic

materi al 4ptaizeady ldiige MH Bim)s.0f soft ferromagnetic material 5 and a
thin filmlayer of antiferromagnetic material 6 are sequentially deposited

within a parti as Feejedt NITH 208,590 A Q¥ded a2 Fontenta®ndl MR Nesapndi ng
to the track width WI. Also on the first |ayer of ferromagnetic material 3,

thin fil mytavamany the drcvid-MBHRned Spiel ivallve aTdeetr e Kigposi ted in
regi ons except for the central active region W in contact with the end

regi ons ofchismhaltddanatye GHows o iddBtidnRIS vA e &f5 thiilze MROYRIad .of hard

ferromagnetic material 7 and 8 have hi gh coercivety, high squareness and

high resistivitm 3k #1%ure, reference numeral 1 denotes a substrate and
2 denotes an under layer deposited on the substrate 1. On the
under layer 2, a first thin film layer of soft ferromagnetic
material 3 1s deposited. On the first layer of ferromagnetic
material 3, a thin film layer of non-magnetic metallic material
4, a second thin film layer of soft ferromagnetic material §
and a thin film layer of antiferromagnetic material 6 are
sequentially deposited within a partial region namely within a
central active region corresponding to the track width Wrg.
Also on the first layer of ferromagnetic material 3, thin film
layers of hard ferromagnetic material 7 and 8 are deposited in
regions except for the central active region WT in contact with
the end regions of the laminated thin film layers 4 and- 5. The
layers of hard ferromagnetic material 7 and 8 have high
coercivety, high squareness and high resistivity and are
adopted to produce a longitudinal bias for maintaining the
first layer of ferromagnetic material 3 in a single domain
state as indicated by the arrows in Fig. 1. In the figure,
furthermore, reference numeral 9 denotes a capping layer of
high resistivity material, 10 and 11 denote electrical leads of

conductive material, 12 denotes a current source for providing

-



adopted to produce a longitudinal bias for maintaining the first |ayer of
ferromagnetic material 3 in a single domain state as indicated by the
arrows in Fig. 1. In the figure, furthernore, reference nuneral 9 denotes a
capping |ayer of high resistivity material, 10 and 11 denote el ectri cal

| eads of conductive material, 12 denot-es3 & current source for providing

3 a constant current to the MR head, and 13 denotes a sensing circuit for
sensing the variation of electrical resistance of the MR head by detecting
the vol t aecotpsta@nit ofupcensstd hehel MRtliesd) aredhds3 Idenotted 1a sensinl t he
conventional MR head based upon the spin valve effect, the first thin film

| ayer of efduferferegaesingneher varidt idn chf oflbeatcbedd seskstahee of
magneti zation direction is disposed not only in the central active region

WI but al{gfe iNR riegad sy uetecting | tlyersobtagarvhr atiomoneross ntheri al 7
and 8. Thus, the effective active region operated as a MR head may becone

| ar ger theyedteiddPckea@sit DoVAndesulting incorrect replay of information
recorded on the magnetic nmedium Furthernore, since the spin valve effect
el ement is congiiguéledthe conventional MR head based upon the spin valve
effect, the first thin film layer of soft ferromagnetic
material 3 which operates to sense the magnetization direction
is disbosed not only in the central active region Wy but also
in reélons under the layers of hard ferromagnetic material 7
and 8. Thus, the effective active region operafed as a MR head
may become larger than the track width W resulting incorrect
replay of information recorded on the magnetic medium.
Furthermore, since the spin valve effect element is constituted
by a very thin multilayered film, it is very difficult to form
the layer of non-magnetic metallic material 4, the second layer
of soft ferromagnetic material 5 and the layer of
antiferromagnetic material 6 only in the central active -region
Wy on the first layer of soft ferromagnetic material 3.
Namely, it is quite difficult to remove by etching only a
'predetermined pattern of the layer of non-magnetic metallic
material 4, the second layer of soft ferromagnetic material 5
and the layer of antiferromagnetic material 6 which have been
. deposited and patterned by photolithography, so as to expose
the surface of the first layer of soft ferromagnetic material

3. Although this process can be carried out in theory,



by a very thin multilayered film it is very difficult to formthe |ayer of
ngn-magnetic netallic material 4, the second |ayer of soft ferronmagnetic
material 5 and the layer of antiferronagnetic naterial 6 only in the
central active-region WI on the first layer of soft ferromagnetic materi al
3. Nanely, it is quite difficult to renove by etching only a predeterm ned
pattern of the |ayer of non-nagneticnﬁﬂ%ﬂ1ic material 4, the second | ayer
of soft ferromagnetic material 5 and the | ayer of antiferromagnetic

mat eri al - SppbiaRiBAYE thean daROsicted1andnpRakenpegbyrpbesskist iagvanty, so
as to expose the surface of the first layer of soft ferromagnetic materi al

3. Althoyghrthh8 BhASCEheC PFoARUCIANAILYD e@liclBnEieniyl extdemepyoduci bility
in the actual manufacturing processes is very poor and thus the

producti ybty¥egEbiciency will extremely decrease. SUMVARY OF THE | NVENTI ON
It is therefore an object of the present invention to provide a MR head
utilizing the spin valve effect and a nethod of manufacturing the MR head,
whereby an effective width of an - '

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a MR head utilizing the spin valve effect and a method
of manufacturing the MR head, whereby an effective width of an
active region of the MR head can be correctly determined to a
required track width.

Another object of the present invention is to provide a MR
head utilizing the spin valve effect and a method of
manufacturing the MR head, whereby a good productivity
efficiency of thé MR head can be expected.

The present 1n§ention relates to a magnetoresistive head
having a spin valve effect element constituted by sequentially
laminating at least a first thin film layer of magnetic-
material, a thin film layer of non-magnetic mgterial, a second
thin film layer of magnetic material and a thin film layer of
antiferromagnetic material on a substrate. According to the
present invention, particularly, the first thin film layer of
magnetic material is formed only in a central active region
corresponding to a track width of the head. ’

According to the present invention, since the first thin

film layer of magnetic material which operates as a



active region of the MR head can be correctly determined to a required
track wi dth. Another object of the present invention is to provide a MR
head-utilizing the spin valve effect and a nmethod of nmanufacturing the MR
head, whereby a good productivity efficiency of the MR head can be
expected. The present invention relates g a a nagnetoresi stive head having a
spin valve effect elenent constituted by sequentially lamnating at | east a
first thin filmlayer of magnetic material, a thin filmlayer of
non- Nnagnaidghd @izt iddn &l rsecolsh tdensdr | 18 | fyrme dfonidagrigt i theretentizal and a
thin filmlayer of antiferromagnetic material on a substrate. According to
the preseitiiveyaidgion, pai téttdetive vwihdth iostthdiactiventegion odf nelyeet i c
~material is formed only in a central active region corresponding to a track
wi dt h of MRhedirRGarA e rebmnged €l he pemsingd i tventieairddderadie widsh. t hin
filmlayer of magnetic material which operates as a 5 magneti zation
di r ect i oFalemdrte f QifRsk Othey firdtetichmtf bim dxyere ofgiagnetdc ef f ecti ve

wi dth of the active region of the
material is formed only in the central active region, a
manufacturing process for etching operation can be extremely
easily performed. Namely, it is not necessary for performing a
difficult process to stop the etching operation just before the
first thin film layer of magnetic material, but all the layers
of the spin valve effect element on the substrate can be
eliminated by etching. Thus, a good productivity efficiency of
the MR head can be expected.

It is preferred that the head further includes thin film
layers of hard ferromagnetic material or antiferromagnetic
material for producing a longitudinal bias. The thin film
layers of hard ferromagnetic material or antiferromagnetic
material are formed adjacent to respective end faces of- the
first thin film layer of magnetic material so as to provide
abutting junctions there between.

It is also preferred that the thin film layers of hard
ferromagnetic material or antiferromagnetic material are
(directly) laminated on the substrate. Furthermore, on these
layers, conductive layers for electrical leads are preferably
laminated.

According to the present invention, also a method of



MR head can be correctly determned to a required track w dth. Furthernore,
since the first thin filmlayer of magnetic material is forned only in the
central active region, a nmanufacturing process for etching operation can be
extrenely easily perforned. Nanely, it is not necessary for performng a
difficult process to stop the etching opgration just before the first thin
filmlayer of nagnetic material, but all the layers of the spin valve
effect el enent on the substrate can be elimnated by etching. Thus, a good
product i vinepufaéturéngyaonaghethResdatiivanhbadeipetudeds &tsteppeéferred
that the head further includes thin filmlayers of hard ferronmagnetic
mat eri al Pormingferspimgvelve efifecitaklémenpr b¥usequentiahyit Lamhnhthngs.
The thin filmlayers of hard ferronagnetic material or antiferromagnetic
mat eri al ateléasted fillfatenhinofidwpdeyeveo€nuagnebicohateorisirsa thin film
| ayer of magnetic material so as to provide abutting junctions there
bet ween. filmslayep ofchenrmdghh&tictimetehialfi anstegrdstbinhfiiim layer
ferromagnetic material or antiferromagnetic material are (directly)
| am nat edofrnmagretibsnatieeiakuandeanthén €hlmhdayer agfrantibeduomagaeltiger s
for electrical |eads are preferably | am nated. According to the present
i nventi ormatésbah orthodubstrate, a step of forming a stencil mask for
masking a central active region, corresponding to a track width
of the head, of the spin valve effect element, a step of
eliminating by etching regions of the spin valve effect element
unmasked by the stencil mask, and a step of forming thin film
layers of hard ferromagnetic material on the substrate in the
regions unmasked by the stencil mask so that the thin film
layers of hard ferromagnetic material are disposed adjacent to
respective end faces of the first thin film layer of magnetic
material to provide abutting junctions there between.

It is preferred that the method further includes a step of
forming conductive layers for electrical leads on the thin film
layers of hard ferromagnetic material, and a step of removing
the stencil mask after the conductive layers forming step.

Further objects and advantages of the present invention
will be apparent from the following description of the
preferred émbodiments of the invention as illustrated ih the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS



6 manufacturing a magnetoresistive head includes a step of formng a spin
val ve effect elenment by sequentially lamnating at least a first thin film
| ayer of nmagnetic material, a thin filmlayer of non-nagnetic material, a
second thin filmlayer of magnetic material and a thin filmlayer of
antiferromagnetic material on a substrate, a step of formng a stencil nmask
for masking a central active region, cbr?e%ponding to a track wdth of the
head, of the spin valve effect elenent, a step of elimnating by etching

regions of th%‘.i%i N e e P LR AYY Vil rengid mask, and
|

a Etfp of form ayers of hard ferromagnetic material on the
SUbSt T at & b dui drfsd S ad M dehand i viave SEAdeY diteeddyn film
| ayers o%ohaf%l ef?onagne_lc nateﬁ?élggre di sposed adj acent to resagétive
end face%égégﬂy% d rst thin filmlayer of magnetic nmaterial to provide
abutting junctions there between. It is preferred that the nethod further

i ncl udes a stgisgo{)fé ﬁ%({rﬂa&%e%& | HRowP e s dtQlorl 1E G 1dw AF | £35%e e &

thin filmlay magnetic material, and a step of renoving the

stenci | RSK At ¥ £ M Uddd’ DdDidihe XdTtHe Prdbent invention; and

Figs. 3a to 3d show sectional views illustrating a part of

manufacturing processes of the MR head according to the

embodiment shown in Fig. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In Fig. 2, reference numeral 21 denotes a substrate made
of for example glass, ceramic or semiconductor material, and 22
denotes an under layer deposited on the substrate 21. This
under layer 22 is made of a high resistivity material such as
for example Ta, Ru or CrV so as to optimize the texture of the
sﬁbsequent spin valve layers. If the substrate 21 itself has a
high resistivity and an optimum crystal structure, the under
layer 22 can be omitted.

Oon the under layer 22, a first thin film layer of soft
ferromagnetic material 23, a thin film layer of non-magnetié
metallic material 24, a second thin film layer of soft
ferromagnetic material 25 and a thin film layer of

- antiferromagnetic material 26 are sequentially deposited in
this order to form a layered spin valve effect element. The

first and second layers of soft ferromagnetic material 23 and



Furt her objects and advantages of the present invention will be apparent
fromthe follow ng description of the preferred enbodi ments of the
invention as illustrated in the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF
THE DRAW NGS 7 Fig. 1 schematically_shows a sectional view of the
conventional MR head utilizing the spin valve effect already descri bed;

Fig. 2 schematically shows a sectional view of a preferred enbodi mrent of a

MR head aggohdieNtdde (d¥e fyresiinpley @ol,i Fe, &g Kige, BaCoooldFeGow The
sectional views illustrating a part of manufacturing processes of the M

head accor@lijpg £f1Qu heyyIH G TRi-rfRawt iich eital1dc DaSERiAL @4 Gfs Tdde of
PREFERRED EMBODI MENTS In Fig. 2, reference nuneral 21 denotes a substrate

made of f@r mtanlie Gl idemareic a0 highmiederdudcoconmduertiali tyashidp as
denotes an under |ayer deposited on the substrate 21. This under |ayer 22

i's made ofpoy Rix@hpiasist, Vid ormher i ghestblinagifier layerplog Ta, Ru or CrV so
as to optimze the texture of the
antiferromagnetic material 26 is made of for example FeMn.

In a modified embodiment, the layered spin valve effect
element may be formed by depositing the layers in an order
opposite to the above-mentioned order. Namely, on the under
layer, a thin film layer of antiferromagnetic material, a
second thin film layer of soft ferromagnetic material, a thin
film layer of non-magnetic metallic material and a first thin
film layer of soft ferromagnetic material may be sequentially
deposited in this order.

It should be noted that, according to this embodiment, the
layered spin valve effect element including the first layer of
ferromagnetic material 23 is dé}ésited only in a central active
region Wp corresponding to the track width. To form the
layered spin valve effect element in this shape, first, the.
under layer 22, the first thin film layer of soft ferromagnetic
material 23, the thin film layer of non-magnetic metallic
material 24, the second thin film layer of soft ferromagnetic
material 25 and the thin film layer of antiferromagnetic

- material 26 are sequentially deposited on the substrate 21 in
this order, and then regions of these deposited layers other

than their central active region WT are eliminated by etching



subsequent spin valve layers. If the substrate 21 itself has a high
resistivity and an optinmum crystal structure, the under |ayer 22 can be
omtted. On the under layer 22, a first thin filmlayer of soft
ferromagnetic material 23, a thin filmlayer of non-magnetic netallic
material 24, a second thin filmlayer ofgsoft ferromagnetic material 25 and
athinfilmlayer of antiferromagnetic material 26 are sequentially
deposited in this order to forma | ayered spin valve effect elenent. The

first ang,,sqco0d +@y€ﬁ§t0i>o§ﬁf§1&@réﬂmeéscofraﬂeéIpémgﬁxe@dcentsazzs are
made of for exanp Fe, Ni, NiFe, NiCo or FeCo. The thin filmlayer of

non- magn d%ian nﬁfi‘e&b?{'egﬂohéiﬁ?dﬁo ofhé tRd&k | wrd Rt &Fé atapei-bda

hi gh el ec r|c conductivity such as for exanple Au, Ag or Cu. The thin film

| ayer of antif r@ﬂgggfihfngﬁéﬁrfékigﬁs'Stﬁ?ﬁeffimfﬂ&y@%@”@fehgf&h In a
nodi fi ed enbodi nent, the |ayered spin valve effect elenment nmay be fornmed by

ﬂgﬁgf;t'r§b%{§hﬁé%§£§ ;ﬂa§8r95g927099@52§ea§@ diee @by eroPnéd OprdtREdET .

, yer, a thin filmlayer of antiferromgnetic

material,gfhstrate 21 in contact with the end regions of the layered
spin valfe effect element. The layers of hard ferromagnetic
material 27 and 28 have high coercivety, high squareness and
high resistivity and are adopted to produce a longitudinal bias
for maintaining the first layer of ferromagnetic material 23 in
a single domain state as indicated by the arrows in Fig. 2.

Instead of the thin film layers of hard ferromagnetic
material 27 and 28, thin film layers of antiferromagnetic
material may be formed in the same manner. It is desired thﬁt
under films of soft ferromagnetic material are formed under the
antiferromagnetic layers, but in this case the under films of
soft ferromagnetic material should be magnetically coupled with
the first layer of soft ferromagnetic material 23. The-
antiferromagnetic material for these thin film layeré is
selected to have a blocking temperature.different from that of
the antiferromagnetic material for the aforementioned thin film
layer 26.
In Fig. 2, furthermore, reference numeral 29 denotes a

capping layer of a high resistivity material such as for
example Ta, 30 and 31 denote electrical leads of conductive

material, 32 denotes a current source for providing a constant



second thin filmlayer of soft ferromagnetic material, a thin filmlayer of
non-magnetic netallic material and a first thin filmlayer of soft
ferromagnetic material may be sequentially deposited in this order. It
shoul d be noted that, according to this eghodinent, the | ayered spin valve
ef fect elenment including the first |ayer ferromagnetic material 23 is
deposited only in a central active region WI corresponding to the track

P oy PAEFChES dohfles e Hehd 2k &l %%Lo%hgﬂgggtehgépgﬁ13%9?& £dr’ St

t he under Tayer the Tirst m 1 ayer o magne
ial 2 : | ) \ . . h
Second t hi BePPLRE AV varTased o SINSLTIIAT kBaTRRhopC oFf efie, Mg, Hbad T

| ayer of aggl hs%g;zgg.gfgg% WhYlaell var13toa°aPBEEthY 43883420100 Jif

substrate nt en regi ons o ese deposited layers
ot her than3?hg'a ?ntral active region WI are elimnated by etching 9
h o]

process so a H side end faces of the remained central active region

m ﬁog{lefnpfgdi NGt qsl *i?lgﬁrc%%d"’ii%t 1€ ot WBECHot! Bnihethl! ThiAl §425F91 ONS,
yer § “of “har
layers 27 and 28 but also the electrical leads 30 and 31 are in
contact with the side ends of the layered spin valve element.
Howéver, in fact, only the thin film layers 27 and 28 are in
contact with the side ends of the layered spin valve element as
shown iq Fig. 3d.

Since the antiferromagnetic materiai layer 26 is laminated
in contact with the second layer of §9ft ferromagnetic material
25, an exchange biasing magnetic field is produced at their
boundary and is applied to this second soft ferromagnetic
material layer 25. Thus, magnetization of this ferromagnetic
material layer 25 is fixed, whereas magnetization of the first
soft ferromagnetic material layer 23 which receives no gxchange
biasing magnetic field can freely spin depending upon the |
magnetic field from the magnetic medium. The magnetization
directions of the two soft ferromagnetic material layers 23 and
25 separated by the non-magnetic metallic material layer 24
therefore change between in parallel and in antiparallel with
each ofher so that the electrical resistivity of this layered
spin valve element greatly Vaties. These varlations of the

electrical resistivity are sensed by means of the current



ferromagnetic material 27 and 28 are directly formed on the substrate 21 in
contact with the end regions of the |ayered spin valve effect elenent. The
| ayers. of hard ferromagnetic material 27 and 28 have hi gh coercivety, high
squareness and high resistivity and are adopted to produce a | ongitudi nal
bias for maintaining the first layer of ferromagnetic material 23 in a
single domain state as indicated by the 3rows in Fig. 2. Instead of the
thin filmlayers of hard ferronmagnetic material 27 and 28, thin filmlayers

of antifergoipgaeBRCanat ehiealsemsynige cliecied i33,t hads shasmnfermaltions
desired that under filns of soft ferromagnetic material are forned under

the antif egrogBeEnebhC thay lagnelilc irecordingamediin vafdebef read outsoft
ferromagnetic material should be magnetically coupled with the first |ayer

of soft ferronageebraifgt €¢bi ¢his3 emb@idenit,,eihopagnetulafpt eingle fthie t hese
thin filmlayers is selected to have a bl ocking tenperature different from

that of thejpsti sertoregechagnericr maltetanlt hayatopsnenicAnefetrhitesl asma
| ayer 26. In Fig. 2, furthernore, reference nuneral 29 denotes a capping

| ayer of aphipABtig8tsbhvidiyeention sensuehias fbemedxafibyeinathdOcendral

denote electrical |eads of conductive material, 32 denotes a current source

for provi dyagidecpagiont Wy, an effective width of the active region of
the MR head can be correctly determined to a required track
width. Furthermore, since the regions except for the central
active region Wp of all the deposited layefs including the
first soft ferromagnetic material layer 23 and the under layer
22 are eliminated during etching process, this etching
operation can be extremely easily performed. Namely, it is not
necessary for performing a difficult process to stop the
etching operation just before the first ferromagnetic material
layer 23, but all the layers deposited on the substrate 21 can
be eliminated by etching. Thus, a good productivity gfficiency
of the MR head can be expected.

Hereinafter, a part of manufacturing processes of the MR
head according to this embodiment will be described with
reference to Figs. 3a to 3d. |

As shown in Fig. 3a, on the Al-TiC substrate 21 which has
been formed by depositing an under film made of for example
Al,04 on its surface and then by polishing the deposited
surface, the under layer 22 made of Ta for exaﬁple with a

thickness of 70 Angstrom, the first thin film layer of soft



- 10 - current to the MR head, and 33 denotes a sensing circuit for sensing
the variation of electrical resistance of the MR head by detecting the
voltage variation across the electrical leads 30 and 31. It is indicated in
Fig. 2 that not only the thin filmlayers 27 and 28 but also the electrical
| eads 30 and 31 are in contact with the side ends of the |ayered spin valve
el emrent. However, in fact, only the thrnl?irnllayers 27 and 28 are in
contact with the side ends of the |ayered spin valve el enent as shown in

Fg. ad. ?je%%?#tea@%e%té f-ﬁgecelfr‘iaagfneéé fc«_id@fe d W1 PAUALES it‘iu'climef?é ke 1o

contact wt second SO rromagnetic material 25, an

exchange B33P thid 3 1n S Y AOEE D -k e RO WRAGIMN 13 nd fer 121
SO a

applied t I'S 'sécon ferromagneti c materi ‘ayer 25. Thus,

et S5 Wl AT Sl Uelad e Bl o bodti oo
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of the tW% sl:?xfitckfneersrsorcT)%gnﬁ)t iA(héEagr%n; a&nd B Sthzﬁn %q.m layer of
antiferromagnetic material 26 such as FeMn with a thickness of
100 Angstrom are sequentially deposited in this order to form a
layered spin valve effect element. On the layered spin valve
effect element, the capping layer of a high resistivity
material 29 such aé Ta with a thickness of 70 Angstrom is
deposited.

Then, as shown in Fig. 3b, a photoresist film is coated
over the capping layer 29 and fhen a stencil mask 34 of the
photoresist having a pattern for masking the central active
region substantially corresponding to the track width and
undercut portions at its side faces is formed by performing an
éppropriate known method. In Fig. 3b, a reference numeral 35
denotes a layered product constituted by the under layer 22,
the first soft ferromagnetic material layer 23, the non-
magnetic metallic material layer 24, the second soft
ferromagnetic material 1a&er 25, the antiferromagnetic material
layer 26 and the capping layer 29 (a layer product consisted of
the under layer 22, the layered spin valve effect element and
the capping layer 295.

Thereafter, as shown in Fig. 3c, regions unmasked by the



25 separated by the non-magnetic netallic material |ayer 24 therefore
change between in parallel and in antiparallel with each other so that the
el ectrical resistivity of this |layered spin valve elenent greatly varies.
These variations of the electrical resistivity are sensed by neans of the
current source 32 and the sensing citcust-33, and thus information _
witten on the nagnetic recording medi umcan be read out. According to this

Cayer 23 vt ﬁc%%‘é%'é%&@%’soi' %éé&??s%‘sﬁihr%ﬁ &5+ FOn T SehECReAs Rdr mod onl y
the NR honl SAEBEeHCpYCH: %gsn%“l?eﬁ‘ﬂr shTop StPhbnr BatbpdcRithath, anoion *
G the adBLELEE e B0 D BIRARKCCRE CPFRLoE BFReREs, hha EnbEthaRe Pyl
L?ZﬁrnSBOp t?@ﬁuggﬁeﬁﬁa Qf?éﬁ%?ygﬁagF?y 5%ff5?#eb§gﬂﬁaégé?ngigignggagIS
Ust bof or & TFEFTPRRIDIY, B (hOFT vk OFFaRer 8, B “Bae "Frelarhe ek hgane
deposited‘éghtpgfgygatggégngltﬁe central axis of the ion beam so as to
eliminate the unmasked region of the layered product 35. Thus.'
a curved or straight tapered portion 35a is formed at the side
face of-this patterned layered product 35.
Then, during the rotation of the substrate 21, the hard
ferromagnetic material layers 27 and 28 such as CoPt with a
thickness of 300 Angstrom and the electrical leads of
conductive material 30 and 31 such as Ta with a thickness of
1000 Angstrom are sequentially deposited by sputtering. In
this case, an under layer of TiW with a thickness of 100
Angstrom is preferably formed prior to the Ta leads. Then, as
shown in Fig. 3d, the stencil mask 34 is removed by a lift-off
process. CoPt, Ta and TiW which may be deposited on the
stencil mask 34 are removed together with the stencil mask 34.
In this embodiment, abutting junctions for electrical and
magnetic continuity of the layered spih valve effect element to
the respective hard ferromagnetic material layers 27 and 28 are
tapered so that these abutting junctions can be easily and
quickly formed. However, the abutting junctions are not

limited to this tapered shape but can be formed in any optional



be elim nated by etching. Thus, a good productivity efficiency of the MR
head can be expected. Hereinafter, a part of manufacturing processes of the
MR head according to this enbodinent will be described with reference to
Figs. 3a to 3d. As shown in Fig. 3a, on the Al-TiC substrate 21 which has
been fornmed by depositing an under film nade of for exanple A1203 on its
surface and then by polishing the deposited surface, the under |ayer .22
made of Ta,.for exanple with a thickness of 70 Angstrom the first thin film
layer of <BI#P®- . 12 - ferrommgnetic material 23 such as NiFe with a

i cknoss of TORRISPAEE 4PShl Ayl bR YSo ot BRpetee BEEHAC
() et ShaSt 1 FSEBOEL TR 8 lnd? A4l A8 Fohd i Akl e
Thi's or dertits Toreted| ST cHRLPt SOERCEEHREMELT ALY IR, FdanferRn (%G 1
valve effecl, SheBP andllf 63PPLE% ! 8Y i n s dd&sd S5 #6) EhY abutting
Junctions and most of the spin valve effect elements will have
a thickness of 300 to 600 Angstrom. If the thickness of the
spin valve effect element is less than 300 Angstrom, the
electrical resistance of the MR element will become extremely
high for applying appropriate sense cufrent. Contrary to.this,
if the thickness of the spin valve effect element is more than
600 Angstrom, reading gap of the MR head will become too wide.
If the length of the abutting junctions along its tapered
contour is shorter than 0.1 gz m, enough electrical and magnetic
continuity cannot be expected. Also, if the length of the
abutting junctions along its tapered contour is longer than 0.3
u# m, undesirable off-track characteristics may be introguced
because the track width of the MR head will be about 1 gm.
Many widely different embodiments of the present invention
may be constructed without departing from the spirit and scope
of the present invention. It should be understood that the
present invention is not limited to the specific embodiments

described in the specification, except as defined in the

appended claims.
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29 such as Ta with a thickness of 70 Angstromis deposited. Then,

as shown in Fig. 3b, a photoresist filmis coated ovef—%he—eapppng_Layer

and then a stencil mask 34 of the phot or esi st havi ng ern for naskln
the central active region substantially correspondin Pth

and undercut portions at its side faces i1$ f-or ned by

appropriate known nethod. In Fig. 3b, a reference nuneral enotes a

| ayered product constituted by the under |ayer 22. the flrst soft
ferromagnghAf ¥8t ef.afMebayse: 23, the non- magnetic netallic material |aye
the second soft ferromagnetic material |ayer 25, the antiferromagneti

material jayer ;26,24 h@%o?@@ﬁb'%gvbaﬁ‘éhdzaoﬁ?rh§Yﬁ§' ar spuAt vaone eiredcy

24,

the under [ayer 22, the layered spin valve e
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fect elenent and the capping

layer 29)elémsﬁeaébﬁ§t1%§tshow sBqhkAt13%1y’ eghonatuAgRakedehytt be first 13

stenci |

mask 34 of the layered product 35 is etched and elimnated by a

single-di gpehi 1Rt §RyRY Bl Ba%n%lt% Aatepih®) & thingrieihedyePuoimadnie
etching process, the substrate 2

magnetic material, a second thin film layer of magnetic
material and a thin film layer of antiferromagnetic material on.
a substrate, the improvement wherein said first thin film layer
of magnetic material is formed only in a central active region

corresponding to a track width of the head.

2. The head as claimed in claim 1, wherein said head further
comprises thin film layers of hard ferromagnetic material for
producing a longitudinal bias, said thih film layers of hard
ferromagnetic material being formed adjacent to respective end
faces of said first thin film layer of magnetic material so as

to provide abutting junctions there between.

3. The head as claimed in claim 2, wherein said thin film
layers of hard ferromagnetic material are directly laminated on

said substrate.

4. The head as claimed in claim 2, wherein said head further
comprises conductive layers for electrical leads laminated on

said thin film layers of hard ferromagnetic material.



and the | ayered product 35 are inclined by an appropFLaLe~gﬂng‘Lg%£Ldigr

exanple [err] with respect to the incident ion beamand rotate

central axis of the ion beamso as to elimnate the uz ﬂ[m'm t he

| ayered product 35. Thus, a curved or stra tht t apere # ”

formed at the side face of this patterned layered product €355 Thern, ring

the rotation of the substrate 21, the hard ferronmagnetic naterLaI Iaye{s 27
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6. The head as claimed in claim 5, wherein said thin film
layers of antiferromagnetic material are laminated on said

substrate.

7. The head as claimed in claim 5, wherein said head further
comprises conductive layers for electrical leads laminated on

said thin film layers of antiferromagnetic material.

8. A method of manufacturing a magnetoresistive head, said
method comprising the steps of:

forming a spin valve effect element by sequentially
laminating at least a first thin film layér of magnetic

. material, a thin film layer of non-magnetic material, a second

thin film layer of magnetic material and a thin film layer of
antiferromagnetic material on a substrate;

forming a stencil mask for masking a central active
region, corresponding to a track width of the head, of said

spin valve effect element;



- 14 = shape. The length of the abutting junctions along its tapered
contour is preferably 3 to 5 tinmes as long as the thickness of the Tayered

spin .valve effect elenent. This is because a | ength of”ﬂﬂmﬂuﬂ m
[err] is necessary for the abutting junctions and nostf l J ﬂu e
effect elenents will have a thickness-0i7300 to 600 Angstrfomt If the * -

t hi ckness of the spin valve effect elenent is |l ess than 300 Angstrom the
el ectrical resistance of the MR elenment will becone extrenely high for

| yi i {, t0 this, If t hi f
Che. Spin val vo st AR dRg v ikhine, TICHSY Srasad i spih, YhTeg THFR Che
MR head W%ghmgﬁ%oﬁﬁmhgﬂéﬁ X efbgﬁg%&ﬁh%qﬁt% ok,é%ggabutting junctions al ong

its tapered contour 1's shor errJ, ’ gh electrical and
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junctions along 1ts tapered contouf Ts l[onger than

ff-t k [ j o) i dt f th
O hLrack BReEEBLerhiel G5 TR BoekOhbodiiYRACRYS R he SRR il o 11
Phooen ! BHER! bARaTRA1RC 2190 1aYELE oY hARY' rAFRBRhLARCICORaLAR 13N bire 2"

disposed adjacent to respective end faces of said first thin

film layer of magnetic material to provide abutting junctions

there between.

9. The method as claimed in claim 8, wherein said ﬁethod
further comprises a step of forming conductive layers for
electrical leads on said thin film layers of hard ferromagnetic
material, and a step of removing said stencil mask after said

conductive layers forming step.



of the present invention. It should be understood that the present
invention is not limted to the specific enbodi nents described in the

speci fication, except as defined in the appended clai ns. 15 WHAT IS
CLAIMED | S 1. In a nmagnet oresi sti ve_hﬁgd conprising a spin valve effect
el ement constituted by sequentially lanm ndting at least a first thin film

| ayer of nmagnetic material, a thin filmla of non- magnetic material, a

er
second thin IR |VALYE FFFEGHMAGNEIQRES IS TLVE HEAR ANR [ 1T | ayer of
ant i f er r oYRQRHRACQTURENG IMBTHOD a substrate, the inprovenent wherein said

Pfirst thin filmlayer ¢ netic material is formed only in a central

~active reﬁww'féﬁ:oﬁ ﬁ%%‘ﬁ“%qg%ck w dth of the head. 2. The head as

claimed in claim1l1, wherein s%id head, further conprises tgn filmlayers of
[

hard ferromagndt MAERAQLER1THVEMsAkiNAG & ISR t@divisactfiesd <Jamentn
filmlayers of hard rromagnetic material being forned adjacent t
respect i vé’%ifté’ct@s‘f g’fy %@%qjﬁu%ﬁr?"’faiiqarﬁji"g@rt d‘fear%r‘i’le&iitysrﬁttg’rjilhl S0
as to provide abutti ngfj unctions there hetween. .

film layer of magnetic material, a thin film layer of non-

magnetic niaterial, a second thin film layer of magnetic
material and a thin film layer of antiferromagnetic material on
a substrate. The Tirst thin film layer of magnetic material is
fbrnied_only in a central active region corresponding to a track
width of the head.

(Fig. 2)



3. The head as clainmed in claim2, wherein said thin filmlayers of hard
ferromagnetic material are directly |lam nated on said substrate. 4. The
head as clainmed in claim?2, wherein said head further conprises conductive
| ayers for electrical |leads |amnated on said thin filmlayers of hard
ferromagnetic material . 16 5. The htad as clainmed in claim1, wherein
said head further conprises thin filmlay&s of antiferromagnetic materi al
for producing a longitudinal bias, said thin filmlayers of
antiferromagnetic material being forned adjacent to respective end faces of
said first thin filmlayer of magnetic material so as to provide abutting

junctions there between. 6. The head as clainmed in claim5, wherein said
thin filmlayers of antiferromagnetic material are |am nated on said
Substrate. 7. The head as clainmed in claimb5, wherein said head further
conprises conductive |ayers for electrical Ieads | am nated on said thin
filmlayers of antiferromagnetic materj] A nmet hod of manufacturing a
magnet or esi stive head, said [g ’ PRIOR ART
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met hod conprising the steps of: formng a spin valve effect el enent by
sequentially lamnating at least a first thin filmlayer of magnetic
material, a thin filmlayer of non-nagnetic material, a second thin film
| ayer of magnetic material and a thin filmlayer of antiferronmagnetic
material on a substrate: formng a stenéll mask for masking a centra
active region, corresponding to a track dth of the head, of said spin
val ve effect el ement; 17 elimnating etching regions of said spin
val ve effect element unmasked by said stencil mask; and forning thin film
| ayers of hard ferromagnetic material on the substrate in the regions
unmasked by said stencil nmask so that said thin filmlayers of hard
ferromagnetic material are di sposed adjacent to respective end faces of
said first thin filmlayer of magnetic material to provide abutting
junctions there between. 9. The nethod as clainmed in claima8, wherein
said nethod further-conprises a stepfﬁysgorgEhg conductive | ayers for
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“electrical leads on said thin filmlayers of hard ferromagnetic material,
apd "a step of renoving said stencil mask after said conductive |ayers
form ng step.
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