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MANUFACTURI NG METHCD OF MAGNETI C HEAD APPARATUS W TH SPI N VALVE EFFECT
MAGNETORESI STI VE HEAD FI ELD OF THE | NVENTI ON The present invention rel ates
to a method of manufacturing a magnetic head apparatus with a

magnet oresi stive (MR) head utilizing the spin valve effect. DESCRI PTI ON OF
THE RELATED ART A spin valve effect elenment is known as one of elenents
provi ding the giant magnetaresistive effect. This spin valve effect el enent

has a sandw ched structure with twe magndti.c material |ayers separated by a
non- magneti c nat er,d Hﬁ%ﬁi t £ j er | |

| am nated in conwF\ﬁ o]:r?xec’A [ [164; ﬁ%%ﬁ%&@ﬁ@%@@ﬁ?ﬁ%ﬁws
so as to pr LAS L. field at their boundary and
to apply i t%ﬁ%&%%‘%ﬂ@%%gﬁ herefore, this one magnetic
material | ayer receives the exchange biasing magnetic field, whereas the
other magnetic material |ayer receives no exchange biasing magnetic field

so that mag . zat] | .S i ntroduced by different nagnetic field
bet ween the%ﬁﬁﬁwwmﬁl ayers. The magneti zation directions of

the two nagnet'Cfﬂ@”ﬁ?é@edéﬂfﬂ€%ntion relates to a method of manufacturing

a magnetic head apparatus with a magnetoresistive (MR) head

utilizing the spin valve effect.

DESCRIPTION OF THE RELATED ART

A.spin valve effect element is known as one of elements
providing the giant magnetoresisfive effect. ﬂThis spin valve
effect element has a sandwiched structure with two magnetic
material layers separated by a non-magnetic material layer. An
antiferromagnetic material layer is laminated in contact with
oﬁe 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 exchange.biasing
magnetic field, whereas the other magnetic material layer
‘receives no exchange biasing magnetic field so that
magnetization switching is introduced by different magnetic
field betwegn the two magnetic material layers. The |
magnetization directions.of the tﬁo magnetic material layers
therefore change between in parallel and in antiparallel with

each other so that the electrical resistivity of this spin
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t heref ore change between in parallel and in antiparallel with each other so
that the electrical resistivity of this spin val ve effect el enent
greatly varies to obtain the large MR effects. Applicants of this
application have proposed a MR head utilizing the above-nentioned spin

val ve effect (US Patent Application Serial No. 08/601, 857 now pendi ng).
This MR head has a spin valve effect el enent constituted by sequentially
depositing at least a first thin filmlaRer of nmagnetic material, a thin
filmlayer of non-nmagnetic nmaterial, a second thin filmlayer of nagpetic
material and2&Veneh teatmalanan bt Tad b ve Mad i 9 ObtAldy i‘é‘e JiRrge MR
substrate. The first thin filmlayer of magnetic material is formed only in
a central alfif®&tSegi on corresponding to a track width of the head. In
general , a wafer Brocess or worki.ng process for manufacturing a_thin film

magneti ¢ head wi PPPdceats picdhls @pplication: have,rroposed @ MR dieade

magnetic | ayers are heated at a tenperature of about 100 to 250 Jerr]. This
heat treatnfilizing the above-mentioned spin valve effect (US Patent

Application Serial No. 08/601,857 now pending). This MR head
has a spin valve effect element constituted by-sequentially
depositing at least a first thin film layer 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. The first thin film
layer of magnetic material is formed only in a central active
region corresponding to a track width of the head.

In general, a wafer process or working process for
manufacturing a thin film magnetic head will certainly contain
a heat treatment stage in which the magngtic layers are heated
at a temperature of about 100 to 250 °C. This heat tre#tment
stage may be, for example, a stage'for curing the resist during
insulator layer formation in the wafer process or a stage for
adhering the magnetic head to a jig, particularly when a ﬁot—
melt type adhesive is used, in the working process. In order
to execute such the heat treatment stages, especially a heat
treatment stage at a process temperature which will vary a
uniaxial anisotroﬁy of the magnetic material layer which
receives the exchange biasing magnetic field from the

antiferromagnetic material iayer during the processes for



stage may be, for exanple, a stage for curing the resist during insulator
Fayer formation in the wafer process or a stage for adhering the magnetic
head to a jig, particularly when a hot- nelt type adhesive is used, in the
wor ki ng process. |In order to execute such the heat treatnent stages,
especially a heat treatnent stage at a process tenperature which will vary
a uni axi al anisotropy of the magnetic material |ayer which receives the
exchange bi asing magnetic field fron1the3antiferronagnetic material | ayer

during the processes for uf urin hi gnetlp head with a
spin val ve gﬂaf’é’glﬁacl\ﬁk‘ eilrﬁréanttq?ﬁf fﬁ %\F%/c %n‘ﬁﬁa ?h%pl valve
antiferroma ch e bias, to a redetern1 ed di at each heat

t r eat ment sg%§€c€§ﬁ§néiﬁk%q$4«{Rw#ﬁ eI | gf??&??il ani sot r opy,
wherein the treat nent, of th netjc ers near the hb te ure
(el poi ne PRATe TS ORARIRR I SRPATRR yaa}brp?%w%ﬂmiﬁ KRG I Bt
direction of g etlc field thereto However, to apply the magnetic field
for control ERS treatment stage. :

A method is known for controlling the uniaxial anisotropy,
wherein the heat treatment of the magnetic layers near the Neel
temﬁerature (Neel point) will be executed by simultaneously
applying a predetermined direction of magnetic field thereto.

However, to apply the magnetic field for controlling the
uniaxial anisotropy of the mégnetic material layer at each heat
treatment stage in the wafer process or working process of the
magnetic head manufacfuring will greatly increase the
complicated works.

Also, if the manufacturing process includes a stage for
magnefizing thin film layers of hard ferromagnetic material
formed on both ends of the first thin film layer of magnetic

| material, these hard ferromagnetic material layers. may be
magnetized toward incorrect directions by this magnetic field
of one to several tens kilo-Gauss used for controlling the
'anisotropy. _

Furthermore, although all the magnetic layers other than
the antiferromagnetic layer and than the second thin film
magnetic material layer whose uniaxial anisotropy is controlled
by the antiferromggnetic layer are necessary for maintaining or

improving their magnetic characteristics by receiving magnetic
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uni axi al ani sotropy of the magnetic material |ayer at each heat treatnent
Stage in the wafer process or working process of the magnetic head
manufacturing will greatly increase the conplicated works. Also, if the
manuf acturing process includes a stage for magnetizing thin filmlayers of
hard ferromagnetic material fornmed on both ends of the first thin film

| ayer of nagnetic nmaterial, these hard ferromagnetic material |ayers nay be
magneti zed toward incorrect directions bq-this magnetic field of one to

a1 though al FLERE REENHE tBe) BRs o3 1aeot s eer'el wfopon %E%QHE%T% %‘é{yeand
fzazoa?foffﬁgsgwghzt;;w&ﬁ%%g&@m SRRl gt 3
Tttt A et
first thin L'Lghnﬁggehh%ng%ﬁié'% eL%y%ane ?c layers toward incorrect
directions.
It is disclosed in Japanese Unexamined Patent Publication
No.5(1993)-347013 that the antiferromagnetic bias direction in
a spin valve effect MR head is induced during or after the
formation of multi-layered thin films. However, according to
this known anisotropy inducing method, the magnetization
direction of the magnetic layers may be disordered due to the
heat treatment executed in the working process following thé
wafer process, and thus correct unidirectional anisotropy may
not be obtained. This tendency will be strongly appeared when
the antiferromagnetic layer is made of an antiferromagnetic

material with a relatively low Neel temperature (equal to or

less than 150 °C), such as FeMn.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a method of manufacturing a magnetic head apparatus
with a MR head utilizing the spin valve effect, whereby the
anisotropy provided for a magnetic thin film layer in the
magnetic head can be cbrrectly and surely controlled.

Another object of the present invention 1s to provide a



above-nentioned magnetic field executed at each heat treatnent stage may
magneti ze these magnetic |layers toward incorrect directions. It is

di scl osed i n Japanese Unexam ned Patent Publication No.5(1993)-347013 that
the antiferromagnetic bias direction in a spin valve effect MR head is

I nduced during or after the formation of nmulti-layered thin filns. However,
according to this known ani sotropy inducing nethod, the nagnetization
direction of the magnetic layers may be & sordered due to the heat

treat ment execyted in the worki oce fql | owi t he waf er proces and

thus corr ecloEhPl; PECERABALACINTING Gb PasRe tic: DEad BPRARATUSTIILY ety
ill b t I d t ant.i ferrgmagnetic | ayer. i.s de of an

anti forromBnee EIREERE el eolh SRvel T Sodn MLEF DYt dPs A aROR o

or le t han 150 rr ch as ,FeNh. SUMVARY THE | NVENTI It is

there?ire aﬁaﬁgjEE?“O%EFHZHBW@§Z&P-%ﬁ?éﬁ?ﬁ@ﬁtES Pﬁaiﬁéna fetRotcsd:
manuf acturing a magneti ¢ head apparatus with a MR head utilizing the spin

a
val ve effect, wher ﬁyhPﬁeaﬁﬁP§§ﬁ§§b§°bFG@iQé&SPBF dnyegtdenc bagisadilym

| ayer in the nagnetic head can be correctly and surely controll ed. . .
y includes a step o% forming a mu ti-layeredyspgn valve structure

on a substrate, which structure includes at least first and
second thin film layers of soft ferromagnetic material
separated by a thin fiim layer of non-magnetic material, one of
the first and second thin film layers of ferromagnetic material
being pinned by a fhin film layer of antiferromagnetic
material, a step of forming a spin valve MR head using the
multi—iayered spin valvg structure, and a step of assembling a
magnetic heéd apparatus using the spin valve MR head. At least
one of the above-mentioned steps includes a heat treatment
stage executed at a temperature which will vary a uniaxial
anisotropy of the pinned thin film layer of soft ferromagnetic
material. According to the present invention, particularly,
the method further includes a final heat treatment step of
heating the multi-iayered spin valve structure with application
of a magnetic field in a direction perpendicular to a track
width direction of the spin valve MR head so that the pinned
thin film layer of soft ferromagnetig material has a uniaxial
anisotropy. This final heat treétment step is executed after
all the steps each of which includes the heat treatment stage

are completed.



Anot her object of the present invention is to provide a met hod of
franuf act uri ng a magnetic head apparatus with a MR head utilizing the spin
val ve effect, whereby deterioration of each thin filmlayer in the magnetic
head can be reduced. A nmet hod according to the present invention basically
I ncludes a step of formng a nulti-layered spin valve structure on a
substrate, which structure includes at least first and second thin film

| ayers of soft ferronagnetic material se@rated by a thin filmlayer of

non- megnet !¢ Tt Wdna i 05 the B ol e RSN, ! Tl i1 e ©f

ferronagnetlc na er|a ng prinn 1 ayer

EEE;EﬁH i :V%er sfé'lﬁ&ﬁé%m:rmd” %E i %gﬁf{ﬂ%fd e c
above- rent ?%aeg& %é%otﬂr%e%}%%i;%va g0 i éﬁ”é’e @@2%8%%2@&1% fiflm
| ayer of sofoetr pimamite S aithsrdao R st L i asht s,

part'CU|ar|%Xecuted after all the heat treatment stages in which their

process temperature will vary the uniaxial anisotropy of the
pinned soft ferromagnetic material layer are completed
Therefore, even if the antiferromagnetic material with a
relatively low Neel temperature such as FeMn or NiO is used,
the uniaxial anisotropy provided for one of the thin film
layers of soft ferromagnetic material can be correctly and
surely cohtrolled.

It is preferred that the final heat treatment step is a
'step of heating the multi-layered spin valve structure at a
temperature equal to or higher than a temperature at which a
shifted amount of the BH loop of the pinned thin film layer of
soft ferromagnetic material after the heat treatment (Hua) is
equal to a 20 % value of the maximum value of the shifted
amount (Hua). |

More preferably, the final heat treatment step is a step
of heatihg the multi-layered spin valve structure at a
temperature substantially equal to or higher than the Neel
temperature of the antiferromagnetic material of the
antiferromagnetic thin film layer. Most preferably, the final

heat treatment step 1s a step of heating the multi-layered spin



the method further includes a final heat treatnment step of heating the

nul ti-layered spin valve structure with application of a magnetic field in
a direction perpendicular to a track width direction of the spin valve M
head so that the pinned thin filmlayer of soft ferromagnetic material has
a uni axial anisotropy. This final heat treatnment step is executed after al
the steps each of which includes the heat treatnment stage are conpleted.
According to the present invention, the final heat treatnent step for

provi di ng ong

i s pinned by’%#ift |%ﬁ$FPﬁ§:%g;%aﬁgﬁéﬁ?;Fégégﬁégééfl % t%ifgﬁég?hgﬁagggfh
o SO OPY e SFARERT RCER, BF) chBplEThe ERRABRRY LS RPERRLOL Bk el
oot AL kRER e EEACERAS! S gRETSI 2L Lot e
FeMh or N O'i's uspd. s (NG, UPLAKLE' ¢ARL SBhE TRYab YL EEReA £ s PRSe L xSl 0 "
before the final heat treatment step is processed at a
temperature equal.to or lower than 300 °C. Also, it is
preferred that the final heat treatment step itself is
processed at a temperature equal to or lower than 300 °C. If
all the heat treatment, not only the final heat treatment but
also any heat treatment processed before the final heat
treatment, are executed at a tgmperature equal to or lower than
300.13, deterioration of each thin film layer in the head can
be reduced.
Preferably, the heat treatment stage executed before the
.final heat treatment step includes a heat treatment stage
applying a magnetic field in a direction along the track width
direction to the multi-layeréd spin valve structure. As a
result-of this appliéation of thé magnetic field, the magnetic
characteristics of the other one of thin film layers_of.soft
ferromagnetic material, of a lower shield 1ﬁyer, of an upper
'shield layer and of an upper pole layer in the magnetoresistive
spin valve head can be stabilized.
It is preferred that the other one of the first and second
thin film layers of ferromagnetic material being unpinned by a

thih film layer of antiferromagnetic material, and that the



| ayers of soft ferromagnetic material can be correctly and surely
controlled. It is preferred that the final heat treatment step is a step of
heating the nmulti-layered spin valve structure at a tenperature equal to or
hi gher than a tenperature at which a shifted ambunt of the BH | oop of the
pinned thin filmlayer of soft ferromagnetic material after the heat
treatnent (Hua) is equal to a 20 % val ue of the maxi num val ue of the
shifted anount (Hua). More preferably, tf final heat treatnent step is a

Step of MehiRal R bl LR Rl VB FORHTh Bpdh, BRI o
a0t e OMRE PRk, g 5 MBS BbR Rol Byl b
T e L EfaBR Bann YU B S bR TRE Ehdhe T el et Y
antiferronagggggﬁaggg%igihgkga %&} respectively.

Preferably, the method further includes a step of applying
a magnetic field_in the track width direction to the thin film
layers of hard ferromagnetic material so as to magnetize these
thin film layers of hard ferromagnetic material. This applying
step 1s executed after the final heat treatment step is
completed. Since the magnetization of the thin film layers of
hard ferromagnetic material 1s executed aftér the final heét
treatment step, the correct magnetization direction can be
certainly obtained.

Preferably, the method further includes a step 6f forming
thin film layers of conduétive material on thé thin film layers
of hard ferromagnetic material, respectively.

Further objects and advantages of the present invention
will be apparent from the following description of the

preferred embodiments of the invention as illustrated in the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. la to 1d are sectional views schematically

illustrating a part of a wafer proéess in a preferred

embodiment of a spin valve MR head according to the present



It is preferred that the heat treatnent stage executed before the final

Heat treatnent step is processed at a tenperature equal to or |ower than
300 [err] . Also, it is preferred that the final heat treatnment step itself
is processed at a tenperature equal to or |ower than 300 [err]. If all the
heat treatnment, not only the final heat treatnent but also any heat
treatnent processed before the final heat treatnent, are executed at a
tenperature equal to or lower than 300 [é@r] , deterioration of each thin
filmlayer in the head can be reduced. Preferably, the heat treatnent stage
execut ed belBVEPLAGDR| nal heat treatment step includes a heat treatnent

stage applying a_nagnetic field in a_direction alagng the track width
direction to theFiirt & 18 & @&“s’ﬁi%a\}alv\}éewstsr"g'@%té. addy, j1yftraking, the
application of th netic¢ field, the magnetic characteristics of the

ot her one. oftRt heAds EORMmeS, B, the WXTeT JroGessnSho Tt LE- 17 a | ower
shield | ayer, of _an upper. shield |layer and of _.an upper pole layer in the

p p
magnet or esi st i veFd88n Pallfe ahPrPcess shagitadillupdyating & padite Qe t hat

the other one of the first and second thin film|ayers of ferromagnetic
mat eri al beFAEKLRBi REeGeSF dn a preferred embodiment of the MR head

according to the present invention;

Fig. 4 is a graph showing Hua of B-H loop of the pinned
thin film layer of soft ferromagnétic ﬁaterial at room
temperature versus heat treatment témperature of a multi-
layered structure utilizing the AMR effect;

Fig. 5 is a graph showing Hua of B-H loop of the pinned
thin film layer of soft ferromagnetic material at room
temperature versus heat treatment temperature of a multi-
layered structure utilizing the AMR effgct;

Fig. 6 is a graph showing magnetoresistive response at
room temperature versus heat treatment témperature of a multi-
layered structure utilizing the spin valve MR effect, and Hc of
B-H loop of the unpinned thin film layer of soft magnetic
material in the structure versus heat treatment temperature;
and | |

Fig. 7 is a graph showing magnetoresistive response at
room temperature versus heat treatment temperature of a multi-
layered structure utilizing the spin valve MR effect, and He of
B-H loop of the unpinned thin film layer of soft magnetic

material in the structure versus heat treatment temperature.



thin filmlayer of antiferromagnetic material, and that the met hod
further includes a step of forming thin filmlayers of hard ferronmagnetic
material in contact with both ends in the track width direction of the
unpinned thin filmlayer of soft ferromagnetic material, respectively.
Preferably, the nethod further includes a step of applying a magnetic field
in the track width direction to the thin filmlayers of hard ferronmagnetic
material so as to magnetize these thin fWRl mlayers of hard ferronagnetic
material. This applying step is executed after the final heat treatnent
step is conpleted. Since the magnetization of the thin filmlayers of hard
ferromagnetic material is executed after the final heat treatnent step, the
correct nmadHRGBEETEAN 0PF eTHE oRREEERRIED ENBAPIMENTS ai ned. Preferably, the
met hod further includes a steg of fornia§¥thin filn1lazers of conductive .
r

material on the ¥H§%- f{2ntPadr schematicat by r bhhUREr2EC At BRI R O a wafer

respectively. Further objects and advantages of the present invention
process 1In a preferred embodimént of a spin valve MR head

~J(

according to the present-invention.

In Fig. la, reference numeral.l denotes a substrate formed
by depositing an under film made of for example Al,0g5 on a
wafer made of for ex;mple glass, ceramic (ALTiC) or
semiconductor material, and then by polishing the surface of
the deposited under film. On the substrate 1, an under layer 2
made of for example Ta with a thickness of about 70 Angstroms
is deposited. This under 1a§er 2 1s made of a high resiétivity
material_such.as for example Ta, Ru or CrV so as to optimize
‘the texture of the subsequent spin valve layers. If the
substrate 1 itself has a high resisfivity and an optimum
crystal structure, the under layer 2 can be omitted.:

On the under layer 2, a spin valve multi-layered structure
is formed; The spin valve multi-layered structure in this
embodimept 1s formed by sequentially depositing in this order a
first thin film layer of soft ferromagnetic material 3 such as
NiFe with a thickness of about 70 Angstroms, a thin film layer
of non-magnetic metallic material 4 such as Cu with a thickness
of about 30 Angstroms, a second thin film layer of soft |
ferromagnetic material 5 such as NiFe with a thickness of about

70 Angstroms and a thin film layer of antiferromagnetic



wi |l be apparent fromthe follow ng description of the preferred.

enbodi nents of the invention as illustrated in the acconpanyi ng draw ngs.
BRI EF DESCRI PTI ON OF THE DRAWNGS Figs. la to 1d are sectional views
schematically illustrating a part of a wafer process in a preferred

enbodi mrent of a spin valve MR head according to the present 9 invention;
Fig. 2 is a sectional view schematically illustrating the MR head forned by
the wafer process shown in Fig.. 1; Figs.t83 is a process chart illustrating

a part of a mork&gaeprocess in_a preferred enbodi nent of the MR head

accordi ng tBatgE

$e Such, @sn FieMp with a4 thd cknesgyofs gbauty 14 of B-H

| oop of the pinned thin filmlayer of soft ferrona%netic materi al at room

t enper at ur eAREEEGOMSaat Thee Lfilxst andnsecong: £bdn £

AR dayergy ofe®ofit ucture

utilizing the AMR effect;

ferromagnetic material 3 and 5 can be made of, other than NiFe,

" for example Co, Fe, Ni, NiCo or FeCo. The thin film layer of

non-magnetic metallic meterial 4 can be made of, other than Cu,
a metallic material with a high electric conductivity such as
for example Au or Ag. The thin film layer of antiferromagnetic
material can be made of, other than FeMn, for example NiO with
a thickness of about 550 Angstroms.

In a modified ehbodiment. the spin valve multi-layered
structure may be formed by depositing the layers in an order
opposite to'the above-mentioned order. Nameiy, 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 sequentiall&
deposited in this order.

A capping layer of high resistivity material 9 such as Ta

with a thickness of about 70 Angstroms is deposited on the spin

_valve multi-layered structure.

Then, as shown in Fig. 1b, a photoresist film is coated
over the capping layer 9 end then a stencil mask 14 of the.
photoresist having a pattern for masking the central active
region substantially corresponding to a track width of the MR

head and undercut portions at 1ts side faces is formed by



Fig. 5is a graph showing Hua of B-H loop of the pinned thin filmlayer of
‘soft ferromagnetic material at roomtenperature versus heat treatnent
tenperature of a nulti- layered structure utilizing the AMR effect; Fig. 6
is a graph showi ng nagnetoresistive response at roomtenperature versus
heat treatnment tenperature of a nulti- layered structure utilizing the spin
valve MR effect, and Hc of B-H |l oop of the unpinned thin filmlayer of soft
magnetic material in the structure versug heat treatnent tenperature; and

Eiﬁ?'sul Liaéegﬁaﬁﬁﬁﬁ LU anpfﬁ’garffgés i@#}fﬂetﬂiﬁeaf%i}éree‘?ﬁ ﬁfﬁ%’ﬁf -gp % ff 7ing
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SCRI PTI CE .THE. PREFERRED ENMBODI VENTS Fi ] 1
oot ! onithe MdeR TAvers 2,0 e TiTRy, sart fattanatnetis aterthl Gayer

nmbodi t of [ I head
embodi en 3? ﬁ%é“%&ﬁlﬁiéﬁ%€¥3 ﬁzkallic material layer 4, the second soft

ferromagnetic material layer 5, the antiferromagnetic material

layer 6 and the capping layer 9 (a layer product consisted of

the under layer 2, the spin valve multi-layered structure and
- the capping layer 9).

Thereafter. as shown in Fig. 1c, regions unmasked by the
stencil mask 14 of the layered product'ls is etched and
eliminated by a single-direction etching method such as an ion
milling method. During the etching process, the substrate 1
and the layered product 15 are inclined by an appropriate angle
¢ for example ¢ = 10° with respect to the incident ion beam
and rotated around the central axis of.the ion beam so as to
eliminate the unmasked region of thé layered product 15. Thus,
a curved or straight tapered portions 15a are formed at the
side faces of this patterned layered product 15.

Then, during the rotation of the substrate 1, thin film
layers of hérd ferromagnetic material 7 and 8 such as CoPt with
a thickness of about 300 Angstroms and electrical leads of
conductive material 10 and 11 such as Ta with a thickness of
about 1000 Angstroms are sequentially deposited by sputtering.
In this case, an under layer of TiW with a thickness of about

100 Angstroms is preferably formed prior to the Ta leads. The



according to the present invention. In Fig. la, reference nuneral 1-denotes
a substrate fornmed by depositing an under filmnmnade of for exanple [err] on
a wafer made of for exanple glass, ceramic (A Ti C) or sem conductor
material, and then by polishing the surface of the deposited under film On
the substrate 1, an under |ayer 2 nade of for exanple Ta with a thickness
of about 70 Angstrons is deposited. This under layer 2 is made of a high
resistivity material such as for exanplet3a, Ru or GOV so as to optim ze
the texture of the subsequent spin valve_ layers, If the substrate 1 itself
has a high rRardiferromagnekhcoPatRtisftr Ja7aFss¥raRAuP2TEhEIERGELY) APEmed
can be omtted. On the under Iaxer 2, a spin valve nmulti-layered structure
is fornmed. TOR tRensubstEakal Li 1pagertact: Fithythe; harRredepBygar g8APNSS of
formed by sequentially depositing in this order a first thin filmlayer of
soft ferroneagRtFRIARYAIVE DYlEichager/fl FEtERERURSt hi ckness of about 70
Angstrons, a thin filmlayer of non-magnetic netallic material 4 such as Cu
with a thickness Breabaversoofnbardofgrramagpehict naferiah Fagad 8f hayet
ferromagnetic material 5 such as NiFe with a thickness of about 70

Angst roms arfiigh t¢perelveiy aybiehs squareresgnapdchigh resistivity and are

adopted to prqduce a longitudinal bias for maintaining the
first thin film layer of soft ferromagnetic material 3 in a
single domain state as indicated by the arrows in Fig. 2.

Instead of the thin film layers of hard ferromagnetic
material 7 and 8, thin film layers of antiferromagnetic
material may be formed in the same manner. It is desired that
under films of soft ferromagnetic material are formed under the
antiferromagnetic layers. but in this case the under films of
soft ferromﬁgnetic material should be magnetically coupled with
the first thin film layer of soft ferromagnetic material 3.
The antiferromagnetic material for these thin film layers 1is
selected to have a blocking temperature different from that of
the antiferromagnetic material for the aforementiqned thin film
layer 6. |

Then, as shown in Fig. 1d, the stencil mask 14 is removed
by a 1ift-off process. CoPt, Ta and TiW which may be deposited
on the stencil mask 14 are removed together with the stencil
mask 14.

In this embodiment, abutting junctions for electrical and

magnetic continuity of the spin valve multi-layered structure



11 material 6 such as Feivnh with a thickness of about 100 Angstrons. The
Tirst and second thin filmlayers of soft ferronmagnetic naterial 3 and 5
can be nmade of, other than Ni Fe, for exanple Co, Fe, Ni,” N Co or FeCo. The
thin filmlayer of non-magnetic netallic material 4 can be made of, other
than Cu, a netallic material with a high electric conductivity such as for
exanple Au or Ag. The thin filmlayer of antiferromagnetic material can be
made of, other than FeMnh, for exanple Ni\@® with a thickness of about 550
Angstrons In a nodified enbodi mrent, the spin valve nmulti-I|ayered structure
may be forn&@ khedEgspecitdyet ﬁérﬂa§§F§°P#gai¢téFd&at@6éé§| fayegst {eand
above-nentioned order. Nanely, on .the under layer, a thin filmlayer of
ant i f er r ona@het tabekedr 58l thatsthese ﬁhpﬁtﬂﬂghﬂN§V§ﬂ°@§ §a8n; beeeasidynanid
material, a thin filmlayer of non-magnetic netallic material and a first
thin film|ayéekdy formefler r BRUgNeri c thet abuditlagy Jyacidquenersl npt

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

shape.

The length of the abutting junctions along its tapered
contour is preferably 3 to 5 times as long as the thickness of
the Spin valve multi-layered structure. This is because a

- length of about 0.1 to 0.3 g m is necessary for the abutting
junctions and most of the spin valve multi-layered structures
will have a thickness of 300 to 600 Angstroms. If the
thickness of the spin valve multi-layered structure is less
than 300 Angstroms; the electrical resistance of the MR element
will become extremely high for applying appropriate sense
current. ' Contrary to this, 1f the thickness of the spin valve
multi-layered structure is more than 600 Angstroms, 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 gm, enough electrical and magnetic continuity cannot be
expected. Also, if the length of the abutting junctions along

" 1ts tapered contour is longer than 0.3 gz m, undesirable off-
track characteristics may be introduced because the track width
of the MR head will be about 1 zm. |

As a result of the above-mentioned wafer process, a large

number of magnetic head transducer elements with spin valve



A capping |

ayer of high resistivity material 9 such as Ta with a thickness

of about 70 Angstrons is deposited on the spin valve nulti-Iayered

structure.

Then, as shown in Fig. 1b, a photoresist filmis coated over the

capping layer 9 and then a stencil mask 14 of the photoresist having a

pattern for
to a track
. formed by

maski ng the central active region substantially correspondi ng
wi dth of the MR head and undercut portions at its side faces is
perforning an appropriate ki®wn nmethod. In Fig. IDb, a

ayer 2t MAFFFclagered; E?a%aéﬁé §9ﬁ§%§9¥§? %832#55%5 FheoMhcablar, o

| ayer 2,

nmetallic mate

oft ferro netic _nmaterial |ayer 5,

| 4,
t he antlferW%éﬁﬁn%fg g%ﬁte? QPS? § Eﬁﬁt?ﬁﬁtcgﬁggﬁﬁ pLy8r PEOPESPayer

product con

t d th th | ti-|
D Puerur o sbempate Baph Fot Pl ﬁ@yvalﬂﬁe?e'aﬁ%%?ﬂa!gexgaﬁ‘f?a'wgy%ée second
regi ons unmasked bg t he st CI| f f4 thg zered B%Oguft 15 is etched
sotft ferr al 1 e

and

exec a vacuum

omagne c mater ayer
environment with the application of a magnetic field. For
example, the resist curing stage fof curing the photoresist
material of the stencil mask 14 is executed in a vacuum
environment with the application of a magnetic field. In these
heat treatment stages, a magnetic field is applied to the
transducer elements 1ﬁ a vacuum environment so that a magnetic
field component of several hundreds Oersteds (0Oe) directed
along the easy axis of the first soft ferromagnetic material
layer 3 (the track width direction a shown in Fig. 2) is
effectively applied to these elements. As a result of this
application of the magnetic field, the magnetic characteristics
of the first soft ferromagnetic material layer 3, a lower
shield layer (not shown), an upper shield layer (not shown) and
an upper pole layer (not shown) of the magnetic head can be
stabilized. |

Hereinafter, operations in a working process following to
the above—mentiohed wafer process will be described in detail.

Figs. 3 schematically illustrates a part of the working
process -in the preferred embodiment of the MR head according to
the present 1nvention{ |

First, at a step'81. the wafer on which a large number of



elimnated by a single-direction etching nethod such as an ion mlling

et hod. During the etching process, the substrate 1 and the |ayered product
15 are inclined by an appropriate angle [err] for exanple [err] with
respect to the incident ion beamand rotated around the central axis of the
ion beamso as to elimnate the unmasked regi on of the | ayered product 15.
Thus, a curved or straight tapered portions 15a are fornmed at the side
faces of this patterned | ayered product \®. Then, during the rotation of

th bstrate 1, thin. fi |.a f hard._f _ ti terial d 8
Shen as” Coptg; baenebirchReds tEnbsfucers0s oRrgar: BRe. LRameflods, pahetRdade

of conductive terial 10, and 11 such as . Ta wth a thickness of apout 1000
Angstrons afted Equeh?iﬁlF?eH@BBiPFg§°b9a§ﬁ§4V8rFﬁgpsﬁﬂ 4Hi§ﬁééségh&ﬁiﬂﬁder

| ayer of TiWw th t hi ckness of ~about 100 Angstrons,i S, pr rably fornmed
e or Do tnatah. aoneRt KEeatnantabon, LARBREREEF RuPBLRY WiATCParY And b

are directly forpmed on the substrate 1 in cqontact with the tapered end
regions of ERkaxhfh 3BLGetRAPY; of afbecgesppdcpaft. ferromagnetic material

layer 5, for example a heat tfeatment at a temperature near the
Neel temperature 6f the antiferromagnetic material of the layer
6 (100-150 °C) will be executed. Then, at a step S2,
unnecessary portions of the periphery of the wafer are cut-and
removed.

At a step S3, the wafer from which the unnecessary
portions were cut and removed is adhered to an another jig for
cutting and separating operations. In this adhering step,
also, if a thermoplastic adhesive is ﬁsed, a heat treatment at
a temperature which will vary a uniaxial énisotrépy of the
second soft ferromagnetic material layer 5, for example a heat
treatment at a tempefature near the Neel temperature of the
antiferromagnetic material of the layer 6 (100-150 °C) will be
executed. Then, at a step S4, the wafer is cut and separated
into a plurality of bars so that each bar includes the magnetic
head transducer elements aligned along a single line.

Then, at a step S5, each of the separated bars is adhered
to an another jig. If-a thermoplastic adhesive is used in this
adhering step, a heat treatment at a temperature which will
vary a uniaxial anisotropy of the second soft ferromagnetic

material layer 5, for example a heat treatment at a temperature



The | ayers of hard ferromagnetic material 7 and 8 have high coercivety,
hi gh squareness and high resistivity and are adopted to produce a

| ongi tudi nal bias for maintaining the first thin filmlayer of soft
ferromagnetic material- 3 in a single domain state as indicated by the
arrows in Fig. 2. Instead of the thin filmlayers of hard ferromagnetic
material 7 and 8, thin filmlayers of antiferromagnetic nmaterial nmay be
formed in the same manner. It is desiredithat under filnms of soft

1t hi 3 cas@epo Rl HABPAFATIS AL it Lk S BN Aoy A P RT OF
A SRR M i N G Y
e L e B SRR B St e Sl (PR A 4o 1,
CoPt, Ta anaddARRd BN ) 04T g B It DR har atlarets b dhe o
Loget her with the stencit mgsk J4 10 this qubodiymenty, ahulting J yactigns
release step of the bar, if a thermoplastic'adhesive was used
for adhering, a heat treatment at a temperature which will vary
a uniaxial anisotropy of the second soft ferromagnetic material
layer 5, for example a heat treatment at a temperature near the
Neel température of the antiferromagnetic material of the layer
6 (100-150 °C) will be executed. Similar to this step 87, when
the wafer is released from the jig after the step §2 and/or
when the bar is released from the jig after the step S4, a heat
treatment at a temperature which will vary a uniaxial
anisotropy of the second soft ferromagnefic material layer 5,
for example a heat treatment at a teﬁperature near the Neel
temperature qf the antiferromagﬁetic material of the layer 8
(100;150 °C) may be executed. |
At a next step S8, the ground and pblished bar is adhered
to a Jig for forming a rail or rails. Then, at a step 89, a
- photoresist film is coated over the bar. At these steps S8 and
S9, a heat freatment at a'temperature which will vary a
uniaxial anisotropy of the second soft ferromagnetic material
layer 5, for example a heat treatment at a temperatﬁre near the

Neel temperature of the antiferromagnetic material of the layer



magnetic continuity of the spin valve multi-layered structure to the
respective hard ferromagnetic material layers 7 and 8 are tapered so that
these abutting junctions can be easily and quickly forned. However, the
abutting-junctions are not limted to this tapered shape but can be forned
i n any optional shape. The length of the abutting junctions along its
tapered contour is preferably 3 to 5 tinmes as long as the thickness of the
spin valve nulti-layered structure. Thisi8s because a |length of about 0.1

to 0.3 [er_r]6 i(iolae_ S 2EY fngg,st‘%el(%%‘}ééw junctions and nost of. the spin

val ve nmul ti-1ayered structur ve a thickness of 300 to 600

Angstrons. If t h%&telﬁi cl&q:efars]esq:feﬁr;tec oSpi;f p\i%ﬁ/ae]lia tdf I ﬁ;%é{ﬂei%néem& i's

| ess than 300 Angstrdns, Fi'cal “resi’s ce of will

becorre ext 1 ey itgh blerAle Hith PRI Pla & P i Ve GH 1YY L0

this, if the Thickness 0 e spin valve %L ti-1ayered structure is - nore

than 600 An%%ﬁp%g%iaﬁi§db&%é%¥iﬂg ﬂd%%é%%ﬂﬁﬁ“%é”dde‘%ﬂ% éé¥§€M(¥%n H

the |l ength
milling and removal of the photoresist.

At a next step S11, the bar with the formed rail or rails
is adhered to é Jig. If.a thermoplastic adhesive is used in
this adhering step, a heat treatment at a temperature which
will vary a uﬁiaxial anisotropy of the seéond soft
ferroqagnetic material layer 5, for example a heat treatment at-
a temperature near the Neel temperature of the |
antiferromagnetic material of the layer 6 (100-150 °C) will be
executed. At a step S12, a plurality of slots for respective
magnetic head sliders are formed on the bar and then the bar is
cut in order to separate it into individual head sliders.

Then, at a step S13, the individual head slidefs are
released from the jig. At this release step of the sliders, if
a thermoplastic adhesive was used for adhesive, a heat
treatment at a temperature which ﬁill vary a uniaxial
anisotropy of the second soft ferromagnetic material layer 5,
for example-a heat treatment at a temperature near the Neel
temperature of the antiferromagnetic material of the layer 6
(100-150 °C) will be executed.

At a nexf step S14, a final heat treatment stage for

providing the second soft ferromagnetic material layer 5 which



abutting junctions al ong its tapered contour is shorter than 0.1 [err],
enough el ectrical and nmagnetic continuity cannot be expected. Also, if the
| ength of the abutting junctions along its tapered contour is |onger than

0.3 [err],

undesirable off- track characteristics may be introduced because

the track width of the MR head will be about 1 [err]. As a result of the
above-nenti oned wafer process, a |large nunber of nmagnetic head transducer

el enents with spin val ve 15 multi-lay®ed structures are forned on the
wafer. In this wafer process, alnost heat treatnent stages at a process

t enper at ur e IghPdANGd PY, Fhe Antfiferromagneidic matedrial,dayedofy asmiaxial
ferromagnetic material |layer 5 are executed in a vacuum environnment with
the appli cafPd§OSrORYragAdd ithifs dinal-heas, fixnatmende stagest atyfirgithe
for curing the photoresist material of the stencil mask 14 is executed in a

vacuum envi FeRaEated dndiyd diad) isddidedh pdrecesridife@ttachedy to 8 Jigse andyt

treatnent stages, a nmagnetic field is applied to the

then these head slider pieces are heated at a temperature with
the application of a magnetic field for about one hour. This
‘final heat tréatment is preferably executed in a vacuum
environment, but it is posslble to execute the treatment in a
non-vacuum environment. It is desired, in this embodiment,
that the temperature for this final heat treatmént is equal to
or higher than a_temperature at which a shifted amount of the
BH loop of the second soft ferfomagnetic material layer 5 in
each slider piece along the applied magnetic field direction
measured at room temperature after this heat treatment stage
(Hua) is equal to a 20 % value of the maximum value of the

shifted amount Hua. More preferably, this temperature for the

‘final heat treatment is selected to a value nearly equal to or

higher than the Neel temperature of the antiferromagnetic
material of the layer 6. Most preferably, this temperature for
the final heat treatment is selected to a value equal to or
higher than the Neel temperature of the antiferromagnetic
material of the layer 6 (about 150-200 C). The magnetic.field
to be Qpplied to the slider plieces in this final heat treatment
should be directed toward substantially perpeﬁdicular to the
easy axis of the first soft ferromagnetic layer 3 (toward the

direction of b shown in Fig. 2, which is perpendicular to the



transducer elenents in a vacuum environnment so that a magnetic field
conponent of several hundreds Cersteds (Oe) directed along the easy axis of
the first soft ferromagnetic material layer 3 (the track width direction a
shown in Fig. 2) is effectively applied to these elenents. As a result of
this application of the magnetic field, the magnetic characteristics of the
first soft ferromagnetic material layer 3, a |lower shield | ayer (not

shown) ,

an upper shield layer (not showgoand an upper pole |layer (not

shown) of the magnetic head can he stabilized. Hereinafter, operations in a

wor ki ng pr obE8eki Bl §d res tind)a e hasha Fddaen@fe 2boude &sd Qikilase

described in detail. Figs

3 schematically illustrates a part of the

wor ki ng pr oPeE§teast KkOele o tdpte faemeHl coff ield PRIROREDL: OF: Aa¥Enad t he

pr esent

invention. First, at a step Sl1, the wafer on_which a | arge nunber

of 16 t hBundgrasi Oersdeds dQedudsr edifenddivelyr aPPdirdd tos thgndréhadyicer

elements in the slider pieces.

| Then, at a step S15, the hard ferromagnetic material
layers 7 and 8 are magnetized to a direction parallel to the
plane of the magnetic layers as indicated by arroﬁs in Fig. 2
by applying a magnetic field of about 3-10 kilo-Oersteds (kOe)
toward the above—mentioned.direction (the track width direction
¢ shown in Fig. 2). Since the magnetization of the hard
ferromagnetic.material layers 7 and 8 is executed after the
final heat treatment stage, the correct magnetization direction
can be certainly obtained.

It is not important that the final héat treatment stage at
the step Sl4_a1way§ follows the slider pieces release stage at
the step S13, but it is important that this final heat
treatment is executed after all thé heat treatment stages
wherein their process temperature wili vary a uniaxial
anisotropy of the second soft ferromagnetic material layer 5
are completed. For example, if this condition is sdtiéfied.
the final heat treatment may be executed after the bar adhering
stage at the step S11, after the photoresist coating stage at
the step 89, after the bar release stage at the step Sf. after
the bar adhering stage at thé step S5, after the wafer adhering

stage at the step S3, or after the wafer adhering stage at the



ajig. If a thernoplastic adhesive is used in this adhering step, a heat
treatnent at a tenperature which will vary a uni axial anisotropy of the
second soft ferromagnetic material |layer 5, for exanple a heat treatnent at
a tenperature near the Neel tenperature of the antiferronmagnetic materi al
of the layer 6 (100-150 [err]) wll be executed.- Then, at a step S2,
unnecessary portions of the periphery of the wafer are cut and renoved. At
a step S3, the wafer fromwhich the unne2kssary portions were cut and

o thi s géhéﬁ?ﬁggif28;1%%@%%"3?%@%%“” Reat deatnenit Sl sy ng
treatment at a t ure which wl ry.a. unia an| otr of _the
second sof ¢ SREFHERBGRELEE R L FHE $ndtgteRlsh, ol HhRe AR MERT AR Gy
a tenperatur ne r t enp ure of the ntlferr magnet i naterra

of the | ayePdBeFLYs 2?0“'? iRed 1o thecosedaditfeRoing SFes

wafer is cut and separated |nto a plurality of bars so that each bar

i ncl udes t h&F #Bfneti c head transducer el ements al i gned anng a S|ngle i ne.

Then, at a step the separated bars is a her nother
jig. If a thernni§a§g Eth@sP?&ﬁ d Bgcprding tRfs' 3uBdal ment, the

final heat treatment stage for providing a uniaxial anisotropy
to the second soft ferromagnetic material layer 5 which is
pinned by the antiferromagnetic material layer 6 is executed
after all the heat treatment stages during not only the wafer
process but also the working process after the wafer process,
wherein their process temperature will vary a uniaxial
anisotropy of the second soft ferromagnetic material layer 5,
are compieted. Thus, eveh if the antiferromagnetic layer 6 is
made of an antiferromagnetic material with a relatively low
Neel temperature such as FeMn or NiO._the anisotropy provided
for the second soft ferfomagnetic material layer 5 can be
correctly and surely controlled.

'In an assembling process to make the magnetic head
apparatus, following to the working process of the MR head, if
heat treatments at a temperature which will vary a uniaxial
anisotropy of the second soft ferromagnetic material layer 5,
for example heat treatment stages at a temperature near the
Neel temperature'of the antiferromagnetic material of the layer
6 (100-150 °C) shch as wire bonding stage and/or a plastic

material mold stage are executed, the final heat treatment



adhering step, a heat treatnent at a tenperature which will vary a uniaxia
ani sotropy of the second soft ferromagnetic material |ayer 5, for exanple a
heat treatnment at a tenperature near the Neel tenperature of the
antiferromagnetic material of the layer 6 (100-150 [err]) w Il be executed.
Then, at a step S6, the throat height .of each of the magnetic head sliders
I s adjusted by grinding and polishing the bar adhered to the jig. At a step
S7, the bar is released fromthe jig. AR his release step of the bar, if a

h I ' dhesi i h . .
bonert o cEEARENSN VB A S U, e Y0 SUARE oy s
f ' ial | 5., f I heat t t t
t onper at ur e SHBal Lile Do SR BH ALY A R AR g PRt E e i a1 of
the | ayer ?§Q%§3Q§§%§[?ﬁ%%gﬁﬁﬁi%q%§a executed. Simlar to this step S7, when

t he waf er ‘after the step S2 and/or when the bar is
R Tk CE SRR R R T S
materi al laXSisgtropy of the second soft ferromagnetic material layer 5
and the.temperature in the final heat treatment stage for
providing a unlaxial anisotropy to the second soft
ferromagnetic material layer 5 which is piﬁned by thé
antiferromagnetic material layer 6 will be illustrated with
reference to Figs. 4 to 7.

Figs. 4 and 5 show Hua of pinned soft ferromagnetic
material layers in structures utilizing the anisotropic
magnetoresistive (AMR) effect versus the pfocess temperature of
the heat treatment for one hour, during which treatment a
magnetic field of about 1 kilo-Oersteds (kOe) is applied in a
direction perpendicular to the direction of the magnetic field
applied to the structures during depositions of their magnetic
layers. The Hua is a shifted amount of the BH loop of the
pinned soft ferromagnetic material léyer in the AMR structure
along the applied magnetic field direction, measured at room
temperature after this heat treatment.

Fig. 4 indicates the temperature-Hua characteristicé with
NiFe as for the antiférromagnetic material, whereas Fig. 5
indicates the characteristics with NiO as for the

antiferromagnetic material. Namely, the AMR structure with



for exanple a heat treatnent at a tenperature near the Neel tenperature of
the antiferromagnetic material of the layer 6 (100-150 [err]) nay be
executed. At a next step S8, the ground and polished bar is adhered to a
jig for -forming arail or rails. Then, at a step S9, a photoresist filmis
coated over the bar. At these steps S8 and S9, a heat treatnent at a
tenperature which will vary a uni axial anisotropy of the second soft
ferromagnetic material layer 5, for exaﬂ@le a heat treatnent at a

o S EBabaa ek, AT RoHaRa b RS SSHARBHI AR B g
oty of L bRAPhSH e B ?ﬁéﬂ%ﬁﬁgﬁ%ﬁ'ﬂﬁiﬁ VREA i biREinEss
L 109, ST SSEYS RhobOrcallSHRR e, B phedh B hiput R0l
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whereas the AMR structure with respect to Fig. 5 is formed by
sequentially depositing Ta with a thickness of about 50
Angstroms, NiFe with a thickness of about 50 Angstroms, NiO
with a thickness of about 550 Angstroms and Ta with a thickness
of about 50 Angstroms.
Figs. 6 and 7 show a rate of MR change (A R/R) of
| structures utilizing the spin valve MR effect versus the
process temperature of the heat treatment and He of the BH loop
of unpinned soft férromagnetic material layers in the
structures versus the process temperature. The heat treatment
is executed for one hour with the application of a magnetic
field of about 1 kilo-Oersteds (kOe) in a direction |
perpendicular to the direction of a magnetic field applied to
the structures during depositions of their magnetic layers (in
a direction perpendicular to the magnetization easy axis of the
unpinned soft ferromagnetic material layer). The rate of MR
_change is measured at room temperature with the application of
a magnetic fleld of about 100 Oersteds (Oe) in the same
direction as that executed in the heat'treatment,'and Hc is the
coercive force of the BH loop of the unpinned soft

ferromagnetic material layer along the magnetization easy axis



wi |l vary a uniaxial anisotropy of the second soft ferromagnetic materi al
layer 5, for exanple a heat treatnent at a tenperature near the Neel
tenperature of the antiferronmagnetic material of the layer 6 (100-150
[err]) will be executed. At a step S12, a plurality of slots for respective
magneti c head sliders are forned on the bar and then the bar is cut in
order to separate it into individual head sliders. Then, at a step S13, the
i ndi vidual head sliders are released fr@hthe jig. At this release step of
the sliders, if a thernnﬁ G%Lig adhesi ve was used for a gg hﬁﬁ a heat

Bh

treat ment atPgree elEAGIE rQPM CeBPETAtYLE, LR,k teatpent.
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materi al Ia%gregiggl ahereas Fig. 7 indicates the characteristics with NioO
as for the antiferromagnetic material. Namely, the spin valve
MR structure with respect to Fig. 6 is formed by sequentially
depositing Ta with a thickness of about 50 Angstroms, NiFe with
a thickness of about 100 Angstromé. Cu with a thicknesé of
about 25 Angstroms, NiFe with a thickness of about 50
Angstroms, FeMn-with a thickness of about 100 Angstroms and Ta
with a thickness of about 50 Angstroms, whereas the spin valve
MR structure with respect to Fig. 7 is formed by sequentially
depositing Ta with a thickness of about 50 Angstroms, NiFe with
a thickness of about 100 Angstroms, Cu with a thickness of
about 25 Angstroms, NiFe with a thickness of about 50
Angstroms, Ni0O with a thickness of about 550 Angstroms and Ta
with a thickness of about 50 Angstroms.
As will be understood from Figs. 4 and 5, when the heat
treatment temperature is equal to or higher than a value of the
Neel point (Néel temperature) of the antiferromagnetic material
minus 90-140 °C, the Hua of the soft ferromagnetic material
layer pinned by the antiferfomagnetic material layer changes
from zero. If thié Hua is increased to a certain value or

more, the uniaxial anisotropy of the pinned soft ferromagnetic

material layer will vary. Thus, the final heat treatment



I's pinned by the antiferromagnetic material |ayer 6 a uniaxial anisotropy.
I'n this final heat treatnent stage, at first the separated individual
slider pieces are attached to a jig, and then these head slider pieces are
heated at a tenperature with the application of a magnetic field for about
one hour. This final heat treatment is preferably executed in a vacuum
environnent, but it is possible to execute the treatnent in a non-vacuum
environnent. It is desired, in this enb&®nent, that the tenperature for

this final Bgabilr p@t PRyttt @er! 219" thedhRat RPLaAnlctRE AL W € at Which

a shifted anount of the BH | oop of the second soft ferromagnetic material
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measured at room tenperature after I's hea reat nent "stage (Hua
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preferably, I's tenperature for the“final t treatnent is se

val ue nearl t r i 8 n the Neel tenperature of the
antiferronaéﬁgg?gh%a & Fgl%g?qfﬁ%gﬁayer 6. . Most preferably, this
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layer 6 (abeygaéggh%ogs[gahh&'tng? E&%ﬂ%&i%h&hehdtemperature at which the
shifted amount of the BH loop of the pinned soft ferromagnetic
material layer (Hua) is equal to 20 % of the maximum value of
the Hua. The temperature'cofresponding to the Hua value of 20
% of the maximum Hua 1s about 90 °C in the example of Fig. 4
and about 140 °C in the example of Fié. 5. If the final heat
treatment is executed at a lbw temper#ture. the anisotropy of
the soft ferromagnetic material layer to be pinned may hot be
controlled to the correct direction. This can be detected
because the measured p -H loop of the pinned soft ferromagnetic
material layer which is finally heat treated by the low
temperature will become a substantially horizontal flat line as
well as that when no final heat treatment is executed.
According to experiments of the inventors of this application,
it is confirmed that a rate for manufacturiné defective heads
(percent defective) ﬁherein a uniaxial anisotropy of the soft
ferromagnetic material layer to be pinned may not be controlled
to a correct direction becomes 50 % or more when the final heat
treatment is executed at a temperature lower than the

temperature corresponding to the Hua value of 20 % of the



to be applied to the slider pieces in this final heat treatnent. should be
directed toward substantially perpendicular to the easy axis of the first
soft ferromagnetic layer 3 (toward the direction of b shown in Fig. 2,

whi ch is-perpendicular to the 20 track width direction) and has a val ue
of about 5-10 kilo- Cersteds (kCe) so that a magnetic field conponent of
several hundreds QCersteds (QCe) is effectively applied to the transducer

el enents in the slider pieces. Then, at ¥step S15, the hard ferromagnetic

material | ayRii muBud. archéPefeké Zett t Ps adésipedi thapathel proé@sshe pl ane
of the magnetic layers as indicated by arrows in Fig. 2 by applying a

magnetic fi eldhpdratioed Por Ocké | P1ARL Heas (KEEIméRYALE b&bGaRbey coreni gRELd

direction (the track width direction c shown in Fig. 2). Since the
nmagneti zati Gthef d heedipéta f@Fé WBROALL¢lE ABdiel foéd | aucust 7ofNthd BR Fy6s Used

after the final heat treatnent stage, the correct magnetization direction

can be cert aifd Ypiafiied €8t ferromagnetic material layer along the applied
magnetic field direction meésured at room temperature after the
heat treatment stage is equal to a 20 % value of the maximum
value of the sﬁifted amouﬁt. In order to obtain better
characteristics, in fact, this temperature for the final heat
treatment is more preferably selected to a value substantially

- equal to or higher than the Neel temperature of the

antiferromagnetic material, and most preferably, this
témperature for the final heat treatment is selected to a value
equal to or higher than the Neel temperature of the
antiferromagnetic material.

Furthermore, as shown in Figs. 6 and 7, when the heat
tredtment témperature is higher than 300 °C, the coercive force
He of the BH loop of the unpinned soft ferromagnetic material
layer (NiFe) abruptly increases causing the sensitivity of the
spin valve MR head to lower and causing reproduced wave there
from to distort due to hysteresis produced in the MR curve.
Thus, it is desired that all the heat treatment, not only the
final heat treatment but also any heat treatment processed
before the final heat treatment, should be executed at a
temperature equal to or lower than 300 °C. As a result,

deterioration of each thin film layer in the head can be



It is not inportant that the final heat treatnment stage at the step Sl14

al ways follows the slider pieces release stage at the step S13, but it is
important that this final heat treatnent is executed after all the heat
treatment stages wherein their process tenperature will vary a uniaxial

ani sotropy of the second soft ferromagnetic material |ayer 5 are conpl eted.
For exanple, if this condition is satisfied, the final heat treatnent my
be executed after the bar adhering stage2at the step Sl1, after the

phot or esi st idyp. stage at the step S9, after the bar rel ease stage at
the step S7, after the bar adhering stage at the step S5, after the wafer

adhering stage atMgr{getﬁ(gé)Jfﬁ?ﬂ ﬂf]eraéﬂt?relﬁﬁ'k?di’i@éﬂs @ng]%@u%)d@%%&g&gfgb%%g‘tion

21 step S1. However, I na eat treatnent stage _

after remyglayOfd hbghfEsd %1&{%@%&&%{% aﬁdng G -ﬂi’ﬁé far $Sope

~used in the preceding coating or adhering stage. e note
accordi ng t%ftmﬁ%‘ﬂpﬁﬁgﬂgyfnvéﬂfion. It should be understood that the

presént Invention is not limited to the specific embodiments
described in the speclification, except as defined in the

appended claims.



final heat treatnment stage for providing a uniaxial anisotropy to the

second soft ferromagnetic material |ayer 5 which i's pinredby—the——
antiferromagnetic material layer 6 is executed after t ment
stages during not only the wafer process but al so the\l}*ﬂ ﬁ, iﬁ H}HB fter
the wafer process, wherein their process tenperature I a

ani sotropy of the second soft ferromagnetic material |ayer 5, are
conpl eted. Thus, even if the antiferrona@Betic |ayer 6 is nade of an

antiferronagpalr g ATMED Wig:h a relatively | ow Neel tenperature such as
Fevn or NNO, the anisotropy provided for the second soft ferronagnetic

material | ayer 5aCHtAddC ot HelnwfatuSie! s/ xﬁ%f%‘ii’e(’) 1ald @féad ApPASARTIWIEH

process to nake the nagnetic head apparatus wng to the wor kI ng

process of thenMRoreadstivetlad WBANEANE dheé dIMPAWY ‘?af*/t'lécfth VMdid vary

a uni axi al anlsotropy of the second soft ferromagnetic material layer 5,

for exanpl e fag@bhdt 153 ¥ heS BRI BRloR f@fﬁg{f@%ﬁllﬁwla%éﬁeg in valve

tenperature of the antiferronmagnetic nmateri of the layer 6 (100-150 [err]

) such as V"'s'i:?']gl%ﬁ@'e”%ns WG e ,2 SA1F 1T uBRGE AncTRId ny! 34 Wt

executed, the final heat treatnent
first and second thin film layers of soft ferromagnetic

material separated by a thin film layer of non-magnetic
‘material, one of said first and second thin film layers of
ferromagnetic material being pinned by a thin film layer of
antiferromagnetic material, a step of forming a spin valvé
magnetoresistive head using the multi-layered spin valve
structure, and a stép of assembling a maénetic head apparatus
using said spin valve magnetoresisfive head, |

a? least one of said steps including a heat treatment
stage executed at a temperature which will vary a uniaxial
anisotropy of said pinned thin film layer of soft ferromagnetic
material, said method further including a final heat treatment
step of heating said multi-layered spin valve structure with
application of a magnetic field in a direction perpendicular to
a track width directioq of said spin valve magnetoresistive
head so that saild pinned thin film layer of soft ferromagnetic
material has a uniaxial anisotropy, said final heat treatment
step being executed after all the steps'each of which.includes

said heat treatment stage are completed.



22 stage at the step S14 and the nmagnetization stage~at—%he—s%eﬁ~5%5-mﬁII

be executed after all the above-nentioned heat treatnents are
Hereinafter, the tenperature which will vary a uni ﬂ wntl H) HE“ of the
second soft ferromagnetic material |ayer .5 and the he fina

heat treatnment stage for providing a uniaxial anisotropy to the second soft
ferromagnetic material layer 5 which is ginned by the antiferronmagnetic
material layer 6 will be illustrated wit®®reference to Figs. 4 to 7. Figs.
4 and 5 show®.Hua Thfe piethexl S tc faimeshugnetiaimel erwhdreé iy gaid f istaludieates
utilizing the anisotropic magnetoresistive (AVR) effect versus the process
t enper at ur e trfeattimenie sttepr dat rerstdproforhedatding shird mp it dayersat rapin a
magnetic field of about 1 kilo-QCersteds (kCe) is applied in a direction
per pendi cul aalive tstterugitruget iadn aoftenpe nadgire ieqqualelth applhiighearn than a
structures during depositions of their magnetic |layers. The Hua is a
shi ft ed anowempefr attivereBldt odyicdf a tshifted amount of the BH loop of said
pinned thin film layer of soft ferromagnetic material after the
heat treatment (Hua) is equal to a 20 % value of the maximum

value of the shifted amount (Hua).

- 8. The method as claimed in claim 1, wherein said final heat
treatment step is a sfep of heating said multi-layered spin
valve structure at a temperature equal to or higher than the
Neel temperature of the antiferromagnetic material of said

antiferromagnetic thin film layer.

4. The method as claimed in claim 1, wherein said heat
treatment stage executed before said final heat treatment step

is processed at a temperature equal to or lower than 300 °C.

5. The method as claimed in claim 1, wherein said final heat
treatment step is processed at a temperature equal to or lower

than 300 °C.

6. The method as claimed in claim 1, wherein said heat
treatment stage executed before said final heat treatment step

includes a heat treatment Stage applying a magnetic field in a



pi nned soft ferromagnetic material layer in the ANR.strueP&%e—afong’fﬁé
applied magnetic field direction, neasured at roomtenperatur
heat treatnment. Fig. 4 indicates the tenperature-Hua ﬂ“ﬁ“ﬂi ‘ ““y
Ni Fe as for the antiferromagnetic material, whereas he
characteristics with NiO as for the antlferronagnetlc naterlal Nanely, the
AMR structure with respect to Fig. 4 is forned by sequentlally
depositing Ta with a thickness of about 3 Angstroms, Ni Fe with a thickness
of about SOdArg<ttioms allemigh thie It eackhivddids sl iofe ctijort 10 Gs adrdy s Itis- Joaryoe fled
with a thickness of about 50 Angstrons, whereas the AVR structure with
respect to Bpdn ¥Valyef mtmathyresequentially depositing Ta wwth a thi ckness
of about 50 Angstrons, NiFe with a thickness -of about 50 Angstronms, N O
with a thickness of about 550 Angstrons and Ta with a thickness of about 50
Angstrons. Figs. 6 and 7 show a rate of MR change ([err] R'R) of structures
utilizing tRe spThevalethodRasf fcdetimest dus alleim 1, wherein the other one of
said first and second thin film layers of ferromagnetic
material being unpinned by a thin film layer of
antiferromagnetic material, and wherein said method further
includes a stép of forming thin film layers of hard
ferromagnetic'material in contact with both ends in the track
width direction of said unpinned thin film layer of soft

ferromagnetic material, respectively.

8. The method as claimed in claim 7, wherein said method
further includes a step of applying a magnetic field in the
track width direction to said thin £ilm layers of hard
ferromagnetic material so as to magnetize said thin film layers
of hard ferromagnetic material, said applying step being

executed after said final heat treatment step ‘is completed.

9. The method as claimed in claim 7. wherein said method
further includes a step of forming thin film layers of
conductive material on said thin film layers of hard

ferromagnetic material, respectively.



process tenperature of the heat treatnent and Hc of the BH | oop of unpinned
soft ferromagnetic material layers in the structures versus the process
tenperature. The heat treatnment is executed for one hou ] N
appl i cation of a magnetic field of about 1 kilo-Cersted m%ghtéﬁHAs BEEN
direction perpendicular to the direction of a magnetic

structures during depositions of their magnetic layers (in a direction
perpendi cul ar to the magnetization easy3dxis of the unpi nned soft

- ferromagnet p\§sPRAEY 8F TTAKEeHXscLbsukete of MR change is neasured at room
tenperature wth the application of a magnetic field of about 100 Cersteds

(Ce) in the Sa”EAdhé%ﬁ&hoafaﬁahﬁ?hc%ﬁﬁgﬁbeﬁ mBghBe1Befkalir 8pbEPRICusAWA thC a
is the coercive force of the BH I oop of the unpinned soft ferromagnetic

mat eri al 'am&énékapssigeivagﬁehaza%&mﬁzsﬁgytﬁél&gin vaibeoéffaeesuheduabs
roomtenperature after the heat treatnment. Fig i ndi cates the

tenperatureg Arfﬁéaaﬂéaiegpsawgah% H%eﬁhQS§Q§eBTshbﬁ%i t@h@'ﬁﬁl%i -hayerl@

antiferromagnetic nateri ereas Fig. indi cates the characteristics
with NO gpin valve structure (15) with application of a magnetic field

in a direction perpendicular to a track width direction of the
spin valve magnetoresistive head so that a thin film layer of
soft ferromagnetic material (3, 5) to be pinned by a thin film
layer of antiferromagnetic material (6) has a uniaxial
anisotropy. This final heat treatment step (S14) is executed
after all the steps (S1i, S3, S5, S7, S8, S9, S11) each of which
includes a heat treatment stage executed at a temperature which
will vary a uniaxial anisotropy of thé pinned thin film layer
of soft ferromagnetic material (3,5) are completed.

(Fig. 3)
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as for the antiferromagnetic material. Nanely, the spin valve MR structure
with respect to Fig. 6 irs formed by sequentially depositing Ta with a

thi ckness of about 50 Angstrons, NiFe with a thickness of about 100
Angstrons, Cu with a thickness of about 25 Angstrons, NiFe with a thickness
of about 50 Angstrons, FeiWh w-th .a thickness. of about 100 Angstronms and Ta
with a thickness of about 50 Angstrons, whereas the spin valve MR structure
with respect to Fig. 7 is formed by sequentially depositing Ta with a

t hi ckness of about 50 Angstrons, N Fe vvlth a thickness of about 100
Angstrons, Cu wth a thickness of about ;y Angstrons, NiFe with a thickness.
of about 50 Angstrons, NiOwith a thicknegsg of about 550 Angstrons and Ta
with a thickness of about 50 Angstronms. As will be understood fromFigs. 4
and 5, when the heat treatnent tenperature is equal to or higher than a

val ue of the Neel point (Neel tenperature) of the antiferromagnetic

material mnus 90-140 [err], thg Qyaterial

| ayer pinned by the antiferrom nw{u EIRR fAom zero. If
this Hua is incregsed_jo cert Bt ' ; | al= ani sotropy
of the pinned sof fng‘OﬂZﬂeti S g \\W_ QJ 15t he final
heat treatment {LLLLLLLLL L (LA~ 5

: >\\ SNAMNNANNOWNNANNNNLL >
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Fig., 1b

Fig. 1c
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shoul d be executed after al
-or higher than the tenperat

pi nned soft ferromagnetic materi al

tenperature in the final

| the heat treatnents at

ure which wll vary a uni
| ayer finished. I
heat treatnent is equal to

a tenperature equal to
axi al ani sotropy of the
t is desired that the
or higher than a

tenperature at which the shifted anount of the BH | oop of the pinned soft

ferromagnetic nmateri al

| ayer

(Hua) is equal to 20 %

of the maxi nrum val ue of

the Hua. The tenperature corresponding to the Hua value of 20 % of the

maxi mum Hua is about 90 [er
in the exanple of Fig. 5.
t enperature

r] in the exanple of Fig.
f the final

h2gt treatnment
t he ani sotropy of the soft f&fromagnetic materi al
pi nned may not be controlled to the correct direction.

4 and about 140 [err]
is executed at a | ow

| ayer to be

This can be detected

because the neasured p -H |l oop of the pinned soft ferromagnetic materi al

| ayer which is finally heat treated by the | ow tenperature will becone a
substantially horizontal flat line as well as that when no final heat
treatnment is executed.
Fig. 2
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According to experinments of the inventors of this application, it is
confirnmed that a rate for manufacturing defective heads (percent defective)
wherein a uni axi al anisotropy of the soft ferromagnetic material |ayer to
be pinned may not be controlled to a correct direction becomes 50 % or nore
when the final heat treatnent is executed at a tenperature |ower than the
tenperature corresponding to the Hua value of 20 % of the maxi mum Hua.
Therefore, it is desired that the procesg fenperature for the final heat
treatnment is equal to or higher than at erature at which a shifted
amount of the BH | oop of the pinned soft ferromagnetic material |ayer along
the applied magnetic field direction neasured at roomtenperature after the
heat treatnment stage is equal to a 20 % val ue of the maxi num val ue of the

shifted anount. In order to obtain bett aracteristics, in faGletdis
tenperature for the final heat treatnment] isj nore preferably seledqted t§ a
val ue substantially equal to ST'higher th the Neel tenperature |ofythe
antiferromagnetic materired ang, Mot Ppr of £ pblpy—t-hi [
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tenperature for the final heat treatnment is selected to a value equal to or
hi gher than the Neel tenperature of the antiferromagnetic materi al
Furthernore, as shown in Figs. 6 and 7, when the heat treatnent tenperature
is higher than 300 [err], the coercive force Hc of the:BH | oop of the

unpi nned soft  ferromagnetic material |ayer (N Fe) abruptly increases
causing the sensitivity of the spin valve MR head to | ower and causi ng- _
reproduced wave there fromto distort dug fo hysteresis produced in the MR
curve. Thus, it is desired that all the t treatnment, not only the final
heat treatnment but al so any heat treatnent processed before the final heat
treatnent, should be executed at a tenperature equal to or |ower than 300 .
[err]. As a result, deterioration of each thin filmlayer in the head can
be reduced. Many wi dely different enbodi nents of the present invention
may be constructed w thout departing fram,the spjrit and scope of the:
present invention. It should be underst ﬁ!lpa he

- Ta / NiFe / FeMn / Ta
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present invention is not limted to the specific enbodi nents described in

t he specif.ication, except as defined in the appended cl ai ns. WHAT | S
CLAIMED | S: 1. A nmet hod of manufacturing a nagnetic head apparatus with a
magnet or esi stive head utilizing the spin valve effect, said nethod
including a step of forming a nulti-layered spin valve structure on a
substrate, said structure including at least first and second thin film

| ayers of soft ferromagnetic material segprated by a thin filmlayer of

non- magnetic nmaterial, one of said first #5d second thin filmlayers of
ferromagnetic material being pinned by a thin filmlayer of
antiferromagnetic material, a step of formng a spin val ve magnetoresistive
head using the nmulti-layered spin valve structure, and a step of assenbling
a magneti c head apparatus using said spin valve magnetoresistive head, at

| east one of said steps including a heat treatnent stage executed at a

tenperature which-will vary a uni axi al
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ani sotropy of said pinned thin filmlayer of soft ferromagnetic material,
Said nethod further including a final heat treatnent step of heating said
mul ti-layered spin valve structure with application of a nagnetic field in
a direction perpendicular to a track wwdth direction of said spin valve
magnet oresi stive head so that said pinned thin filmlayer of soft
ferromagnetic material has a uniaxial anisotropy, said final heat treatnent
step being executed after all the steps ggch of which includes said heat
treatment stage are.conpl et ed. 29 2. 7he nethod as clained in claiml,
wherein said final heat treatnent step is a step of heating said

mul ti-layered spin valve structure at a tenperature equal to or higher than
a tenperature at which a shifted anount of the BH | oop of said pinned thin
filmlayer of soft ferromagnetic material after the heat treatnent (Hua) is
equal to a 20 % val ue of the maxi num value of the shifted anmount (Hua). 3.
The nethod as clainmed in claim1, wherein said final heat
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treatment step is a step of heating said nulti-layered spin valve structure
at a tenperature equal to or higher than the Neel tenperature of the
antiferromagnetic material of said antiferromagnetic thin filmlayer. 4.
The method as claimed in claim11l, wherein said heat treatnent stage
executed before said final heat treatnent step is processed at a

tenperature equal to or lower than 300 [err]. 5. The nmethod as clained in
claim1l1, wherein said final heat treatnent step is processed at a
tenperature equal to or lower than 300 [err] . 6. The net hod as cl ai ned

in claiml, wherein said heat treatnent %jage executed before said final
heat treatnent step includes a heat-treaffent stage applying a magnetic
fieldin a 30 direction along the track width direction to said

mul ti-layered spin valve structure. 7. The nethod as claimed in claiml1,
wherein the other one of said first and second thin filmlayers of
ferromagneti c.

He OF UNPINNED LAYER AFTER
HEAT TREATMENT (Oe)

W\ — 00
rf[) ) T T T T 8
o
—~O
0
oL ~~
o
- 3 1 ~ £
—
N D Z W
o S o
Z 0 oo 2
AS AN N <
T o o Ll %
Ll. It o %% 0.
Zz W 4 = EE
AN =
S <
N
: O
AN o
@
T
z Q
N - .
o
1 1 | 1 1 1 o
© 10 <+ ™ o - o 3
£ S AT RN
RATE OF MR CHANGE AFTER" HEAT . .. = ) %

TREATMENT AR/R (%)



mat eri al being unpinned by a thin f|In1Iayer of antlferronagnetlc naterlal
and werein said method further includes a step of for&eRe iFeEr] =yers
of hard ferromagnetic material in contact with both eréieh : El dt h
direction of said unpinned thin filmlayer of soft fe renagnetlc nate i al,

respectively. 8. The nethod as clainmed_in claim?7, g i

further includes a step of applying a énetlc fleld fnjthe track wdfh
[ g astto

magneti ze said thin filn1layers of hasgrRacromagnetic
applying step being executed after said final heat treatnment step Is
conpleted. 9. The nethod as clainmed in‘claim7; wherein said nethod

further inpludes$& step of formn thuﬂifiln1la ers ofzﬁpnductlve mat eri al
on said thin fil W‘”ﬁ"ﬁ&fﬁ L Ve EFFECRY %&M LT ively.

A-meﬁhod of manufacturing a magnetic head apparatus with a

magnetoresistiﬁé head utilizing the spin valve.effect includes

a final heat treatment step (S14) of heating the multi-léyered
~ spin valve structure (15) withiapplication of a magnetic field
in a direction perpendicular to a track width direction of the
spin valve magnetoresistive head so that a thin film layer of
soft ferromagnetic material (3, 5) to be pinned by a thin film
layer of antiferromagnetic material (6) has a uniaxial
anisotropy. This final heat treatment step (S14) is executed
aftér all the steps (S1, S3, S5, S7, S8, S9, S11) each of which
includes a heat treatment'sfége execuﬁed at a temperature which
will vary a uniaxial anisotropy of the pinned thin film layer
of soft ferromagnétic material (3,5) are completed.

(Fig. 3)



