| [ Nanme of Docunment] Specification [Title of the Invention]

Magnet oresi stive Head and Manufacturing Method thereof [Detailed
Description of the Invention] [0001] [Technical Field to which the

I nventi on Pertains] The present invention relates to a magnetoresistive
(MR) head, a manufacturing nethod thereof, a magnetic reading/witing
apparatus using the head, and a nagneﬂoresistive (MR) sensor. (-0002)
(Prior Art) Along with increasing density of magnetic recording apparatus -
in recent years, a spin valve type nagnetoresistive sensor is used for a
witing sensor The S | ve sepsor, s disclosed in Patent Docunent 1,
for exanpl é Q‘ﬁﬁ“e‘é‘s@e PP LEREETR of the spin val ve type
nagnetore5|st|ve sensor is in_a basic constitution conprising a
ferromagnel ¥étie | of rete @484 a pinned | ayer, a ferromagnetic soft
magnetic |layer referred to as a free layer, 2 a condyctive

between the two | dﬁ%@@@ﬁ%@ﬁﬂvedﬁ?%@t?w HRIEES T U g 9o e Ebeﬁaﬁﬁg T€¥Upl i ng

filmin direct contact with the pinned |layer (that is, a nmulti-layered

[Detailed Description of the Invention]
[0001]

[Technical Field to which the Invention Pertains]

The present invention relates to a magnetoresistive

(MR) head, a manufacturing method thereof, a magnetic
reading/writing apparatus using the head, and a
magnetoresistive (MR) sensor.
{0002]

[Prior Art]

Along with increasing density of magnetic recording
apparatus in recent years, a spin valve type magnetoresistive
sensor is used for a writing sensor. The spin valve sensor is
disclosed in Patent Document 1, for example.

{0003]

The essential feature of the spin valve type
magnetoresistive sensor is in a basic constitution comprising
a ferromagnetic film referred to as a pinned layer, a

ferromagnetic soft magnetic layer referred to as a free layer,



constitution in the order of free |ayer, conductive |ayer, pinned |ayer
and exchange coupling filnm) in which an anti- ferromagnetic material is
usual ly used for the exchange <coupling film Further, the magnetoresistive
sensor has electrodes for supplying current to the layers and a

| ongi tudi nal bias layer for applying aigongitudinal bias magnetic field
for suppressing noises referred to as ar khausen Noi se caused by
non-uniformty of the free layer magnetization. Usually, a Co-based

per manent magnetic filmis wused for the |longitudinal bias |ayer. The

sensor is usual] .di sposed in m nut e ace called a netic gap put
bet ween t&wF n VErbB'dF(aal%e?’é?eé’r rtZ% ,ﬁ:goaga ﬁﬁe?gig%?ﬂtel ds and
reads magnetization signals froma recordin diu i t h, hi gh- resolution
[0004]  NagHetCEd GhesE tonheapf ik EHCRANOS SORPLARS R i rEHIT,

per pendi cul ar to the_recordi ng pedi um opposed surfa ( netic head air
beari ng sUfFIHESt Wﬂﬁﬁztp§,9?ﬂgEdp}?ﬁﬁﬁjq Foe WB&E%Fégikf?és

magneti zation direction relative to tge nﬁgretic field o e _medi um and

f t
the magnet§DsHitatdonyim thet griee <k YirduFPPREUF ELYR Py et -

Magnetization in the free | ayer changes its direction in 3 accordance with
t he nagnetH%FWQQﬂkfyﬁFbﬁP@hExFBEEEFrﬁﬁbﬂ%ﬁqﬂnﬁﬁ&m%céﬂsghégkh%ﬂg&?ﬁﬁf magneti c

resi stance due to a change forped in the an%!e bet ween tqg nﬁgnetization
of the pirﬁﬂg;qqﬂgﬂep&ﬁdmaterlal is usually used for the exchang

coupling film. Further, the magnetoresistive sensor has

electrodes for supplying current to the layers and a
longitudinal bias layer for applying a longitudinal bias
magnetic field for suppressing noises referred to as
Barkhausen Noise caused by non-uniformity of the free layer
magnetization. Usually, a Co-based permanent magnetic £ilm is
used for the longitudinal bias layer. The sensor is usually
disposed in a minute space called a magnetic gap put between
two ferromagnetic bodies referred to as magnetic shields and
reads magnetization signals from a recording medium with high-
resolution.

[0004]

Magnetization of the pinned layer is fixed in a
direction perpendicular to the recording medium opposed
surface (magnetic head air bearing surface), that is, the
pinned layer does not change its magnetization direction
relative to the magnetic field of the medium and the magnetic

field applied to the sensor film during reading.

Magnetization in the free layer changes its direction in




the magneti zation of the free |ayer. Ceneration of the resistance change
as the signal is an operation principle of the spin valve type head.

[ 0005] The exchange coupling filmis adjacent to the pinned I|ayer and
gives a strong bias magnetic field to the pinned |ayer. Since the

magneti zation of the pinned | ayer is fEfEd by the bias magnetic field, the
magneti zation direction is not changed by the magnetic field fromthe
recording mediumor the magnetic field fromthe recording head. An
anti-ferromagnetic material is usually used for the exchange coupling

film and it is necessary. that the exch (of0) ing nagnhetic f.iel

alppl i ed toa“lt‘?fé‘ldﬁnrﬁ?ea’lltg‘ygpei @ag’&?‘f%%m%%&i“;gyw ?%‘F%‘%tr}%l‘“erdé‘lr‘fg‘eqé’f t he
operation tenperatures of the sensor. To ,sati sf he_necessi t I
PN al | ofﬂg‘ipﬁ &y changs| ip; magrehic TRiGIANSE géﬁp%)gi 21 TR, f)ré’é'i’“%ld;eggeﬁr

put to practical use. _[0006] FEurther, Patent Docupents, 2 | scl.ose a
proposal ¥brthepnglieyPesKes tth%vmqﬁf%qﬁfaS%EHaﬁgegﬁﬁu%+?9é§¥i%§%% i cent
to the pinned layer. [0007] The magnetqresistiye senfor fééfgis exposed to
the 4 medithe SRsESEd z8birRc B oFhe HECSR T hERRSFBF R} t2t™fely  sensing

the magnetic field frommagnetic bits recorded in g@gonnedjun1 Ino%ddition,

the thus cEEFEHRNGROLHOEsAS the $ig9nal 1s an oper principle
the spin valve type head.

[0005]

The exchange coupling film is adjacent to the pinned
layer and gives a strong bias magnetic field to the pinned
layer. Since the magnetization of the pinned layer is fixed
by the bias magnetic field, the magnetization direction is not
changed by the magnetic field from the recording medium or the
magnetic field from the recording head. An anti-ferromagnetic
material is usually used for the exchange coupling film, and
it is necessary that the exchange coupling magnetic field
applied to the pinned layer is sufficiently large within the
range of the operation temperatures of the sensor. To satisfy
the necessity., a regular PtMn alloy having 1:1 platinum and
manganese composition has mainly been put to practical use.
{0006]

Further, Patent Documents 2 and 3 disclose a proposal
for constitution not having the exchange coupling film
adjacent to the pinned layer.

[0007]

The magnetoresistive sensor film is exposed to the



is covered with an ABS protective film To nmake the magnetic head in this
constitution, the process for the constitution is divided into a step of
form ng devices on a substrate and a slider fabrication step of cutting
out individual devices from the substrate on which devices are formed and
fabricating each of theminto a shape‘PU|tabIe for allowng it to fly
above the recording medium referred to as a slider. In the slider
fabrication step, the substrate is cut out by machining into blocks called
bars, in smaller units, each having a plurality of devices. The bar is

pol i shed | hi t f
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head in this constitution, the process for the constitution is

divided into a step of forming devices on a substrate and a
slider fabrication step of cutting out individual devices from
the substrate on which devices are formed and fabricating each
of them into a shape suitable for allowing it to fly above the
recording medium, referred to as a slider. 1In the slider
fabrication step, the substrate is cut out by machining into
blocks called bars, in smaller units, each having a plurality
of devices. The bar is polished by a polishing step referred
to as a computer lapping to expose the magnetoresistive sensor
-to the medium opposed surface. The step is referred to as an
air bearing surface fabrication step.

[0008]

Further, Patent Document 4 discloses various results
of studies of concrete constitution of a stacked pinned layer.
[0009]

[Patent Document 1}
U.S. Patent No. 5159513
[Patent Document 2]

U.S. Patent No. 5583752

[Patent Document 3]




[0010] [Problemto be Solved by the Invention] To achi eve high recording
density of 100 GB/in2 class, it is necessary to mniaturize the

magnet oresi stive sensor filmand it has been tried to mniaturize the sane
into about 0.1 [mtrack width X 0.1 pin sensor height. The sensor hei ght
is awdth in the direction perpendicuugr to the medi um opposed surface of
the sensor film A significant problemn the course of mniaturization is
that the pinned | ayer of the sensor filmsuffers fromdamge during air
bearing surface fabrication for the sensor height to a size of 0.1 m The
damage of the pinngd | ayer _i.5.€e ered in aregion of 30 to 50 nm from
the air bearing s F§b§¥'i?bﬁﬂéfg§ or height is 0.1 pin (100 nn), 30 to

50% t hereof are d ed. result, the change of the magnetic
resi stance C)quﬁ§¥§§%$8PeA%Igﬂis 30 to 50%conpared with a val ue intended

to be provided. Accqrdingl t ad signal when the recorded information
of the nmediumis 'ﬁpe%dgﬂos 8§8Pég§%%gto 30 to 50% of the value intended to

be generated and reading can no nore be perfornmed correctly. [0011] When
t he recordﬁ%@}%knsity is further increased in the 6 feature, the sensor
obl.emwi || becone severer. In a

Ezggh&hgfef?é%nggﬁggﬁkﬁhé{éﬁﬁgangﬁt{ﬁ%(#ﬁﬁﬁﬁﬁiP he entire area of the
sensor film To achieve high recording density of 100 GB/in? class,
it is necessary to miniaturize the magnetoresistive sensor
film and it has been tried to miniaturize the same into about
0.1 ym track width X 0.1 ym sensor height. The sensor height
is a width in the direction perpendicular to the medium
opposed surface of the sensor film. A significant problem in
the course of miniaturization is that the pinned layer of the
sensor film suffers from damage during air bearing surface
fabrication for the sensor height to a size of 0.1 um. The
damage of the pinned layer is encountered in a region cof 30 to
50 nm from the air bearing surface:; if the sensor height is
0.1 um (100 nm), 30 to 50% thereof are damaged. As a result,
the change of the magnetic resistance of the sensor £film is 30
to 50% compared with a value intended to be provided.
Accordingly, the read signal when the recorded information of
the medium is read is decreased to 30 to 50% of the value
intended to be generated and reading can no more be performed

correctly.

0011}

When the recording density is further increased in the




suffers from damage and a change in resistance of the sensor filmcan
scarcely be obtained and, accordingly, the problem w Il cause a
significant trouble in the feature high density recording. [0012] The
darmage in the pinned |ayer encountered during air bearing surface
fabrication could conceivably be caused by |ocal tenperature el evation of
the sensor filmdue to friction when scraping ceramcs as a slider
material by polishing in the air bearing surface fabrication step, and by
a spike-like large current generated in the sensor filmupon scraping the

slider material, which current a I es |,.arge _magnetic field o the
sensor fiIﬁ?aTQRﬁHﬂtqq15&“58§e£8}8§Lh%%dfﬁﬁﬁhéh;m&ngﬁgﬁrgﬁﬁgea%%n B film
using PtMh for_the exchange coupling fil]m it has, been _known _that the
damage in BRI LY DeE mPssﬁg?r§$ru R CAFANRET S 5EBTE BTN £ f usi on of
atons in the filmbut damage_in view of  the ma neti% structure_sjnce the
damage i s ety ekf wifem HgagéastotQ%OQPYﬁrqﬂﬂﬁ? ofn thes PPBRg* tic
field. However, this method cannot be adopted since ano%h L side effect is
caused UpORIERERR (RO GAATRGR RBApRr SRRRYE L FASHELaPRE Pbl ENof SEROT

recording head protrudes to the air bearing surface. = Accordi ngl it is
di fficult £blmrean FRUCELYhEE ﬁpﬁﬂé?edr%ﬂﬁw(ﬁQﬁ?ﬁaﬁ$§#Fy %Hetﬂﬁgﬁﬁﬂgent

situation. [0014] ) . .
will cause a significant trouble in the feature high density

recording.
[0012]

The damage in the pinned layer encountered during air
bearing surface fabrication could conceivably be caused by
local temperature elevation of the sensor film due to friction
when scraping ceramics as a slider material by polishing in
the air bearing surface fabrication step, and by a spike-like
large current generated in the sensor film upon scraping the
slider material, which current applies a large magnetic field
to the sensor filim.

[0013]

In a case of a head having a spin valve sensor film
using PtMn for the exchange coupling film, it has been known
that the damage in the pinned layer is not structural damage
caused by diffusion of atoms in the film but damage in view of
the magnetic structure since the damage is restored when
heated to 200°C or higher in a strong magnetic field. However,
this method cannot be adopted since another side effect is

caused upon exposure to high temperature such that the pole of




On the other hand, reversal of the magnetic nonent in the pinned |layer is
caused during air bearing surface fabrication also in the existent spin
val ve type head without the exchange coupling film (disclosed in Patent
Docunents 2 and 3). In this head type, the reading output is not
decreased extrenely as in the head usi ng Pt Mh for the exchange coupling

filmdescribed above. If magnetic bits ‘magnetized in an identical
direction are read, however, it poses a problem that positive and negative
signs of the signal output by the head are different. Accordingly, it has
been found that this needs neans for restorin nto.the or aqi nal direction
the magnethe FREA%ALNG herd BrAREWISS R & &ide e&ﬁ?f‘ﬁgs‘éﬁ “%eari ng
surface fabrication. However, the known documents crlge above do not

di scl ose cAFPRIEHDFIhsditt d6i GAEFLFRLhsto fortarlé‘staoifPﬁ?j Bhett sed magnetic
monent. Further, while Patent Docunent 4 makes various studies of "spin
val ve typeresredingdansditygin $hecREFTIHEFILHEOR -havi ng an exchange
coupling filnf. it does not disclose a concrete nethod of restoring damage
in the magh@®}4l structure of the pinned |ayer at roomtenperature and a
concrete head constitution suitable for the restoration, thereof rl[0015]
An object of the fiteddf otheanhasf. i SeYF§toniddhe magpeEiq popgnt, 1

magnet oresi stive sensor film and a nmagnetic field applicat | on net hod
capabl e of teer@imned dqyer is caused during air bearing surfac

fabrication also in the existent spin valve type head without
the exchange coupling film (disclosed in Patent Documents 2
and 3). In this head type, the reading output is not
decreased extremely as in the head using PtMn for the exchange
coupling f£ilm described above. If magnetic bits magnetized in
an identical direction are read, however, it poses a problem
that positive and negative signs of the signal output by the
head are different. Accordingly, it has been found that this
needs means for restoring into the original direction the
magnetic moment of the pinned layer reversed during air
bearing surface fabrication. However, the known documents
described above do not disclose concrete constitutional means
for restoring the reversed magnetic moment. Further, while
Patent Document 4 makes various studies of "spin valve type
head comprising a stacked pinned layer having an exchangé
coupling film", it does not disclose a concrete method of
restoring damage in the magnetic structure of the pinned layer
at room temperature and a concrete head constitution suitable

for the restoration thereof.



magnetization direction in a pinned |ayer by a magnetic field application
at roomtenperature. According to this invention, for exanple, damaged
regions of the pinned | ayer caused during air bearing surface fabrication
can be restored by applying an approp¥iate nmagnetic field at room
tenperature without heating a head. [Means for Solving the Problem To
sol ve the foregoing problem the present invention nainly adopts the

foll owi ng constitutions. [0016] According to an aspect of the present

i nvention, there is provided a nmagnetoresistive head based on a spin valve
effect conprising: a stacked type pinned |layer formed on a substrate and
havi ng t 4915, i.e., a ferromagnetic filmA and a ferronagnetic filmB
anti-ferromagnetically coupled to each other, and an anti-feryomagnetic

coupling film for Ansepdpsati f the REGSENE: AONERRLPP 1P FAPTOERF B at their
film surfaces and coupling respective magnetic _npnents_of the .
f er r omagnediIIEULes of anmagnetores livieassnser filfe: 888 (RHAMREHIS i ¢
spacer filmformed adjacent to the filmsurface of _the ferromagnetic film
B of the stieldannlisagirayvethed caratlen@gncPPErPM9rAving a soft
magnetic property, fornmed adjacent to the filmsurface of the non-nagnetic
spacer fi|magnetizatiencAiraabher I |anmidnesylayesnb¥r fRRIeY & as to
be adjacent, at the l|ayer cross section, to a spin valve film .

application at room temperature. According to this invention,

for example, damaged regions of the pinned layer caused during

air bearing surface fabrication can be restored by applying an

appropriate magnetic field at room temperature without heating

a head.

[Means for Solving the Problem]
To solve the foregoing problem, the present invention
mainly adopts the following constitutions.
[0016]
According to an aspect of the present invention, there

is provided a magnetoresistive head based on a spin valve

effect comprising: a stacked type pinned layer formed on a

substrate and having two films, i.e., a ferromagnetic film A

and a ferromagnetic f£ilm B anti-ferromagnetically coupled to

each other, and an anti-ferromagnetic coupling film for

separating the two ferromagnetic films A and B at their film

surfaces and coupling respective magnetic moments of the

ferromagnetic films A and B in an antiparallel state; a non-

magnetic spacer film formed adjacent to the film surface of

the ferromagnetic film B of the stacked pinned layer; a



fabricated into a predeterm ned shape conprising the stacked pinned |ayer,
t he non-nmagnetic spacer filmand the ferromagnetic film and an el ectrode
filmadjacent, at the filmsurface, to the permanent nagnet film in which
a predetermned difference in coercivigty is provided between the
ferromagnetic filmA and the ferromagnetic filmB. [0017] It is preferred
that the coercivity of the single ferromagnetic filmA is 200 Ce or nore
and the coercivity of the single ferromagnetic filmB is 20 Ce or |ess.
[0018] Further, to define the coercivities of the single ferromagnetic
filmA and the single ferromagnetic filmB wthin the range as described
above, conpesranagreticafddm, ahaving e tIrEamagne tike PEOPEBW ngt 973861 ae:
Conposition for the ferromagnetic filmA: Col00-yFey (at% 80 Z Y Z 40
Conposi t i cadjaceriterrothgndiiln surfiage o dion DpRepagaetycospgcer A£nigo19]
Further, to further increase the coercivity of the 10 ferromagnetic film A
it is desiaepktnemierst Imagmeti Aidinr baving oan amdeglayerhEoreed ofRgdetiT film A
is one of Ru, Ta, Cu, and N FeCr. [0020] ]
be adjacent, at the layer cross section, to a spin valve film
fabricated into a predetermined shape comprising the stacked
pinned layer, the non-magnetic spacer f£ilm and the
ferromagnetic film, and an electrode film adjacent, at the
f£film surface, to the permanent magnet film, in which a
predetermined difference in coercivity is provided between the
ferromagnetic film A and the ferromagnetic f£ilm B.
[0017]
It is preferred that the coercivity of the single
ferromagnetic f£ilm A is 200 Oe or more and the coercivity of
the single ferromagnetic film B is 20 Oe or less.
[0018]
Further, to define the coercivities of the single
ferromagnetic film A and the single ferromagnetic film B
within the range as described above, compositional ranges are
made to satisfy the following formulae:
Composition for the ferromagnetic film A:
Cogo-yFey (ats) 80 = Y = 40
+ Composition for ferromagnetic film B:
COloo_yFey (at%) 20 g Y g 0
[0019]

Further, to further increase the coercivity of the



To increase the coupling strength of coupling the ferromagnetic filmA and
the ferromagnetic filmB in an antiparallel state, and to nake it
sufficiently stable to the nmedium magnetic field or recordi ng magnetic
field during actually use of the pinn | ayer, it is preferred that the
anti-ferromagnetic coupling filmis made of Ru and its film thickness is
from3.0 to 4.0 A [0021] Further, the magnetic nonent of the ferromagnetic
film Ais made larger than that of the ferromagnetic filmB. This can
restore the damage to the pinned-layer caused during air bearing surface
fabrication by application of appropriate mnmagnetic field. 10022] In the
appl i cat i ofenformgetyird idmmAgnet i s fdesidad thadsolavehel® RSt 0 t he
pined layer, the follow ng two-step nagnetic field application is

per f or med. cdivedct swith fihesferremagnétid il dpgisi eaei 6 Baepldi Ghplying a
magnetic field in a direction perpendicular to the air bearing surface of
a magnetiandadiFedl in a desired direction of the magnetic nonent of the
ferromagnetic filmA and a second nagnetic field it application step of
applying ajosgoptic field in the direction of the head track wwdth in
parallel with the air bearing surface are perforned. [0023]

To increase the coupling strength of coupling the
ferromagnetic film A and the ferromagnetic film B in an
antiparallel state, and to make it sufficiently stable to the
medium magnetic field or recording magnetic field during
actually use of the pinned layer, it is preferred that the
anti-ferromagnetic coupling film is made of Ru and its film
thickness is from 3.0 to 4.0 A.

{0021]

Further, the magnetic moment of the ferromagnetic film
A is made larger than that of the ferromagnetic £ilm B. This
can restore the damage to the pinned- layer caused during air
bearing surface fabrication by application of appropriate
magnetic field.

[0022]

In the application of appropriate magnetic field to
restore the damage to the pined layer, the following two-step
magnetic field application is performed. That is, a first
magnetic field application step of applying a magnetic field
in a direction perpendicular to the air bearing surface of a

magnetic head and in a desired direction of the magnetic

moment of the ferromagnetic film A and a second magnetic field



Assum ng the saturation magnetic field of the nmagnetic nonents of the
ferromagnetic filmA and the ferromagnetic film B directed in
anti-parallel to each other as Hs, the magnitude of the application
magnetic field in the first nmagnetic fgfld application step as Hl, and the

magni tude of the application magnetic tfield in the second magnetic field
application step as H2, HlL and H2 are set so as to satisfy the follow ng
relations. HL Z 0.4 Hs, and He S H2 S 0.35 Hs [0024] [Mde for Carrying
out the Invention] Preferred enbodi ments of the present invention wll be
described in detail with reference to the draw ngs. [0025] (Enbodi nent 1)
A first endpglieatides sgepepdl hpphpiph¢ cablagnedicudhedd dnvibe dbreatdiodcting
external magnetic fields as a sensor, and it is particularly useful as a
read head éprthefloganttirackwyiitieh andpassklesly stidims thenatihi beganteg
information is recorded as arrangenent of magnetic domai ns on a magnetic
medi um TheudPadegigd iperFetdneth. may be of any type, such as a magnetic tape,
a nmagnetic drum and one or nore hard disks. The magnetic donmins are
usual |y ar[@egef along a track, and the track includes a circular, spiral
helical or indefinite |ength

Assuming the saturation magnetic field of the magnetic

moments of the ferromagnetic film A and the ferromagnetic film
B directed in anti-parallel to each other as Hs, the magnitude
of the application magnetic field in the first magnetic field
‘application step as Hl, and the magnitude of the applicatiocn
magnetic field in the second magnetic field application step
as H2, Hl and H2 are set so as to satisfy the following

relations.

v

Hl 0.4 Hs, and
Hc = H2 = 0.35 Hs
fo024]
[Mode for Carrying out the Invention]
Preferred embodiments of the present invention will be
described in detail with reference to the drawings.
[0025]
(Embodiment 1)
A first embodiment is generally applicable to such a
device for detecting external magnetic fields as a sensor, and
it is particularly useful as a read head for information write

and read systems. In this case, information is recorded as

arrangement of magnetic domains on a magnetic medium. The



constitution. [0026] Fig. 13 shows an exanple of typical information wite
and read apparatus. An electronic conputer 1 receives input information
froma network, a keyboard, a scanner or other simlar devices by way of
an input device 2 having one or a plurality of interfaces disposed

t her ebet ween. The conputer 1 can be c?gnected with one or a plurality of

I nput devices 2 and, in addition, can"dutput to one or a plurality of

out put devices 3. Exanples of the output device 3 could conceivably
include a network, a printer, a display device and a nodemto- be connected
with the conputer by way of an interface. The onputer wites jnfornmation
to a nagne’f‘?ngn?%%r%‘?qﬁd%hﬁ}?é'r ug% AR STYREG PSe §ul"BHBREBr " RA0 S
information fromthe nagnetic recording a .%%ys i p,additiop, to other
recor di ng MagRatLE Ay QRFtHrtﬂgr%gﬁﬁﬁfgﬁ' F‘ThghﬁaﬂﬁgP? *fecording
apparatus includes the follow ng internal devices, (1) .A confrol, device 5
that out puflemaiRs %R GitaldiygRx E“?Sgaa%RQQG?lﬁﬁﬁfk7,aéﬂdtggctFﬁﬁg

information froma read head 8. Th atus fuyrther includes a data

i nput / out pRcleees ok BHDH aTec EPH A '?ﬁéﬁgqﬁﬁHPFﬂﬁﬁqgs§nF28niﬁ%gF%e head.
(2) A head position control section 9 that outputs head position control
si gnal s anB°ReEEFYEOhead position detection signals.

[0026]

Fig. 13 shows an example of typical information write
and read apparatus. An electronic computer 1 receives input
information from a network, a keyboard, a scanner or other
similar devices by way of an input device 2 having one or a
plurality of interfaces disposed therebetween. The computer 1
can be connected with one or a plurality of input devices 2
and, in addition, can output to one or a plurality of output
devices 3. Examples of the output device 3 could conceivably
include a network, a printer, a display device and a modem to
be connected with the computer by way of an interface. The
computer writes information to a magnetic recording apparatus
4 as peripheral equipment or reads information from the
magnetic recording apparatus in addition to other recording
apparatus related with the computer 1. The magnetic recording
apparatus includes the following internal devices.

(1) A control device 5 that outputs information
signals to a write head 7, and receives information from a
read head 8. The apparatus further includes a data

input/output section 6 for receiving feed back signals from



(3) A nmotor control section 10 that controls operation for speed, stopping
and starting with respect to the notion of the magnetic nmedium 13 rel ative
to the heads. In this enbodinment, the notor control section 10 outputs
rotation control signals to a notor 11 for rotating one or a plurality of
di sk type nagnetic recording nedia 13 ?g way of a shaft 12. A transducer
having the wite head 7 and the read head 8 constituting a nagnetic head
usually noves in the radial direction of the disk by using a connection
arm 14 and a voice coil notor (VCM 15 so as to be in slight contact with

the disk gﬁﬁgr q?used to fly above the-disk with a slight distance kept

t herefrom ‘As descri bed above, the data recordi ng apparatus shown

in Fig. 13 is mer tati o '

appar at us- shown iTEH_:é 3}; edrqei%%é?#éﬁ?%‘éﬁ%@ Soder s e BEEReLD O 1 "
escri be ere. . ' t _.h f J i '

foad hoad B pegi Cidh canegel; s1gRSL8 4F8 adesvls BRaEPRSE KON D0 DL (1°

head B. Figs. 13 and. 14 show that a portion of the magnetic medi um 13
noves in aa%??%E&?QNFﬁﬁPq%ﬁ'ative to the reading head 8 noving 14 al ong axis

2 gohe, VOB moves L neadeat,Dep) 000 AL 9.0 e 26665518 bhgckefln o e

magneti ¢ donai ns, ghetiC domai ns~us

g: 8? g| ??;Sggr aéj gg(?,ntséooppfnhge an ath%’E‘Qng 'wj-.rtri'? &%@%tti (f:on%ma%ﬂ'fox'aéf a
the magnetic medium 13 relative to the heads. In this
embodiment, the motor control section 10 outputs rotation
control signals to a motor 11 for rotating one or a plurality
of disk type magnetic recording media 13 by way of a shaft 12.
A transducer having the write head 7 and the read head 8
constituting a magnetic head usually moves in the radial
direction of the disk by using a connection arm 14 and a voice
coil motor (VCM) 15 so as to be in slight contact with the
disk 13 or caused to fly above the disk with a slight distance
kept therefrom.
[0027]

As described above, the data recording apparatus shown
in Fig. 13 is merely a representative example. Since the
operation of the apparatus shown in Fig. 13 is self evident,
the details thereof are not described here. This embodiment
has a feature in the constitution of the read head 8 in Fig.

13. Fig. 14 shows a concrete structure of the read head 8.

Figs. 13 and 14 show that a portion of the magnetic medium 13

moves in a direction 14 relative to the reading head 8 moving




magneti c domains along the track in the direction of axis Z. The nagnetic
medi um 13 has a plurality of magnetic domains along the track in the
direction of axis Z. In addition, the magnetic field h of the magnetic
domai ns changes along the axis Y of the read head as the VCM 15 rel atively
noves along axis Z. Further, fluctuatﬁ n of the magnetic field is read
out. [0028) The witing head 7 and the reading head 8 each conprises a
plurality of layers and a portion of the constitutionis shown in Fig. 14
in which several conventional |ayers such as a coupling filmand a

passivat | OB LAYefh & Moiml YERTALTES U LI dTHAMLeS 4ibhg siees; A
Fead curr CRECERDUE TR id TS MOSH PSRl e vBiesutte oFBE o B0 are
deposLt e HhErSanie L Rl L SRLRYE Dot A5 B SERLIER  ..
22 o0e, UBPEL RGN PY o Bhel ok FEOORIARD PO ICR pSOLLTLRE B
oL P heheet AGd SN A e LRE ok MPTES AU S gL 1, betveen

The magnetic medium 13 has a plurality of magnetic domains

along the track in the direction of axis Z. In addition, the

magnetic field h of the magnetic domains changes along the

axis Y of the read head as the VCM 15 relatively moves along

axis Z. Further, fluctuation of the magnetic field is read

out.

[0028]

The writing head 7 and the reading head 8 each

comprises a plurality of layers and a portion of the

constitution is shown in Fig. 14 in which several conventional

layers such as a coupling film and a passivation layer are not

illustrated. In the manufacturing steps, a substrate 16 is at

first provided and, after depositing a shield 17 therecn, a

reading sensor 18 is grown further thereon and, finally, a

read current input electrode 19 and a read current output

electrode 20 are deposited thereabove to form a read head as a

single piece.

[0029]

Further, an upper shield 21 or a lower core 21 (the

lower core also serves as the upper magnetic shield) is




film 18 and the upper shield. Permanent magnet filns 31, 32 providing a

| ongi tudi nal bias nagnetic field are located on both sides of the spin
valve film 18 as the reading sensor film [0030] For the substrate 16,
ceram cs or ceramcs on which a dielectric layer is deposited can be used.
For the upper and |ower magnetic shields 21 and 17, permalloy, sendust or
Co- based anor phous material showi ng sotft magnetic property, or

m crocrystal systemferromagnetic material exhibiting soft magnetic
property can be used. [0031] The structure shown in Fig. 14 adopted in this

enbodi nent ;s gengs ally diagwn A0d.t be eobodi it f LReynlBYenk | gipgoncer s

a consti;u? he r eadirig sensor . a nanufap uring method thereof .
T or oot BBk, 0TS chARAED Kk A S 39 BT PRI,
CONSL1 U180 B4 3116 SISt 02, 591 LU Ol BT DRl |
concr et RO LN oM 5P, PP R AP B PR R
constituti on nofg sk theuphi98ntBfa et Alidarldhy’ fi2bntl! k1 BRs A5 Cr3Ped

providing a longitudinal bias magnetic field are located on

both sides of the spin valve film 18 as the reading sensor

film.

[0030]

For the substrate 16, ceramics or ceramics on which a
dielectric layer is deposited can be used. For the upper and
lower magnetic shields 21 and 17, permalloy, sendust or Co-
based amorphous material showing soft magnetic property. or
microcrystal system ferromagnetic material exhibiting soft
magnetic property can 5e used.

{0031}

The structure shown in Fig. 14 adopted in this
embodiment is generally known and the embodiment of the
invention concerns a constitution of the reading sensor 18 and
a manufacturing method thereof. The reading head has a
constitution suitable to giving and receiving information to
and from the magnetic medium. The reading sensor has a

constitution suitable to detect not only information from the

magnetic medium but also the external magnetic fields.

[0032]




A spin valve film18 has a first ferromagnetic filmthat is relatively
likely to response to magnetic fields (hereinafter referred to as a free
| ayer, which corresponds, for exanple, to a CoFe film 74 and a pernal |l oy
film75), a second ferromagnetic filmthat relatively less likely to
response to the magnetic fields (hereh after referred to as a pinned

| ayer, which corresponds to a stacked ginned | ayer 80), and a conductive
non- magneti ¢ spacer filmtherebetween (for exanple, corresponding to Cu
film73). Further, it has an underlayer for controlling the crystal form

(0,1 nCTease e !GPl e A0S, DEL O LRSS Y RE 4 ShaflAlT!

cont 11| S0k ARl Bhe SRR LB U YA o£AAE PIDLNY, L0

Tl TG B S A0 Bnede| SUEL OLRAL O chuecleliomEnstic
Lerromonel el & oG o BRhL LRSS SRR AL

0 DI Lot 80 PNIGH, RabCRoL 1k 00 Ll ARG LO0G 858, 201" 17

constitution has no exchange coupling fil m adjacent_.t t he pipned | ayer.
[ 0034] relatively likely to re ponge to magde ic fiegds (he e{haékary

referred to as a free layer, which corresponds, for example,
to a CoFe film 74 and a permalloy film 75), a second
ferromagnetic £ilm that relatively less likely to response to
the magnetic fields (hereinafter referred to as a pinned layer,
which corresponds to a stacked pinned layer 80), and a
conductive non-magnetic spacer film therebetween (for example,
corresponding to Cu film 73). Further, it has an underlayer
for controlling the crystal form to increase the resistance
change below the free layer (for example, corresponding to the
underlayer 72 of a two-layered NiFeCr/Ru constitution).
Furthexr, it has a cap layer {(for example, corresponding to
two-layered Ru/Ta constitution cap 76) on the pinned layer 80.
[0033]

In this embodiment, a stacked pinned layer 80 in which
two ferromagnetic films (for example, corresponding to
ferromagnetic film A 84 and ferromagnetic film B 82) and an
anti-ferromagnetic coupling film (for example, corresponding

to a Ru film 83) disposed therebetween are used as the pinned

layer 80 provides a constitution that functions as a spin




It is inportant to ensure the stability of nagnetization of the stacked

pi nned | ayer 80 to the external magnetic field and to control the
direction of the magnetization. The constitution and the nethod for
attaining themare to be described. Patent Docunent 3 describes that the
ani sotropi c magnetic field is increasei so as to ensure the stability for
the external magnetic field. In contra ?, to inprove the stability in this
enbodi ment, the coercivity of the ferromagnetic filmA constituting the
stacked pinned layer is increased to thereby ensure the stability. The

coercivity Jis an index that expresses the reyersal |eyel-of magnetization
of a nagne‘fqlcv%(ﬁ@eeﬁ@BGnP‘E?gﬁgﬁe‘Fﬁ% Thgrencd i EPgOret p?ﬁl?aét%q:t%ﬁéreto
fromthe outside; as the coercivity i.s | arger .the_stability for_the
external naEge@@SEEREIPE Kaf tt r%*%’cﬂe %‘?SPilr‘rBfgeﬁéimt?‘é]% B%iCty of
the ferromagnetic filmA or the ferromagnetic filmB, the dependence of
CoFe al | oyt'¥h BEned, AB8€Fri on was examined. Since it is difficult to
measure the coercivity of the ferromagnetic filmA or B alone in the spin

val ve const9@3ft) on shown in Fig. 9, afilmof the follow ng constitution

was prepared and the dependence of the coercivity.of the.CoFe alloy on the
Fe conposition wadt18%erZRPRLANT AFQ e‘?n%%?ﬁog:ﬁ"r’?g Sttﬁélga?:?’a%% of the gl ass

substrate to Ar, plasma for_ cleanin a spin_valve film(spin valve film

for neasurm?ﬂPQ§ﬂ§§tPPPnmeé§ep?E@EﬁéﬁiH%P lF@PFoﬁﬁntooﬁ%ér?Xt?§Q§;s

SUbStratelééégétic field and to control the direction of the
magnetization. The constitution and the method for attaining
them are to be described. Patent Document 3 describes that
the anisotropic magnetic field is increased so as tc ensure
the stability for the external magnetic field. In contrast,
to improve the stability in this embodiment, the coercivity of
the ferromagnetic film A constituting the stacked pinned layer
is increased to thereby ensure the stability. The coercivity
is an index that expresses the reversal level .of magnetization
of a magnetic body encountered when a magnetic field is
applied thereto from the outside; as the coercivity is larger,
the stability for the external magnetic field is more improved.
To increase the coercivity of the ferromagnetic film A or the
ferromagnetic £ilm B, the dependence of CoFe alloy on Fe
composition was examined. Since it is @ifficult to measure
the coercivity of the ferromagnetic film A or B alone in the
spin valve constitution shown in Fig. 9, a film of the

following constitution was prepared and the dependence of the

coercivity of the CoFe alloy on the Fe composition was




Underl ayer: NiFeCr 32 AANiFe 8 A/ Exchange coupling film PtMh 140 A
Ferromagnetic filmA: CoFe 18 A/ Anti-ferromagnetic coupling film Ru 5 A/
Ferromagnetic filmB: CoFe 25 A/ Non-magnetic spacer film Cu 25 A/ Free

| ayer (filmto be neasured): Co-X at% Fe 20 A/ Cap In the spin valve film
descri bed above, the dependence of th?scoercivity of the CoFe alloy I|ayer
on the Fe conposition was exam ned by using several kinds of caps. CL
nmeans cl eani ng. The caps used include seven types, i.e., (1) Cu 10 A/Ta 20
A (2) Ta 20 A, (3) NNFeCr 30 A, (4)Cu 10/NiFeCr 30 A (5) Ru 10 A/Ta 20

A (6) Ru 10 Ni FeCr, 30 A d (7 Pt 30 A/l Ta,20 0 ' 1
ShO\(NS)the FE Ifé‘f'gr Pf’%eerdéaa(gg’%éﬁée)c%? ?‘%;facceo:o\/rfci%\l/ﬁ%t gﬁ%ﬁgt%gé%%fé&

itiop. ti f. the t f i Vi ' I
W th T nor chacAT TR on SHSBRLPToNe TROL NE R S 10y (AR EESE S * OO
Ru/ Ni FeCr , _the | Vit h ' I
corrpijs?t i 0 3€9m%§§%zbﬁ§f(r§§o'g\% %r ?2{%8;@?%3%%&;11% \s":%gg %P zggﬂéﬁé‘%%ﬁ i on
i ncreases {;i:rther In the %%ézs of Ta cap, N FeCr cap, Cu/N FeCr cap and

t

Pt M/ cap, PH@SSoRRstAate/d 50 at%is 200 (Ce). The results of Fig. 1

how i n r E
sho a ﬁgggf¥£§gfitﬁy%eé% 32 A/NiFe 8 A /

Exchange coupling f£ilm: PtMn 140 &/
Ferromagnetic film A: CoFe 18 A/
Anti-ferromagnetic coupling £ilm: Ru 5 A/
Ferromagnetic film B: CoFe 25 A/
Non-magnetic spacer film: Cu 25 A/
Free layer (film to be measured): Co-X at% Fe 20 A/
Cap

In the spin valve film described above, the dependence
of the coercivity of the CoFe alloy layer on the Fe
composition was examined by using several kinds of caps. CL
means cleaning. The caps used include seven types, i.e., (1)
Cu 10 A/Ta 20 A, (2) Ta 20 A, (3) NiFeCr 30 A, (4)Cu 10/NiFeCr
30 A, (5) Ru 10 A/Ta 20 A, (6) Ru 10 A/NiFeCr 30 A ., and (7)
PtMn 30 A/Ta 20 A.
[0035]

Fig. 1 shows the result for the dependence of the
coercivity on the Fe composition. Irrespective of the types
of cap, coercivity increases along with increase in the Fe

composition. In the cases of Ru/Ta cap and Ru/NiFeCr cap, the

coercivity reaches a maximum value 300 (Oe) at Fe composition




conposition X of the layer to be neasured (Co-X at% Fe) is wthin a range
from40 at%to 80 at% a CoFe filmhaving high coercivity of 150 (Ce) or
hi gher irrespective of the types of cap, or having high coercivity of 200
(Ce) or higher depending on the types of cap can be obtained. Further, in
a case where the Fe conposition X of the layer to be neasured (Co-X at%
Fe) is wthin arange fromO at%to 209at% a CoFe fil m having | ow
coercivity of 30 (Qe) or |lower irrespective of the types of cap, or having
| ow coercivity of 20 (Ce) or |ower depending on the types of cap can be
obt ai ned. The constitution has an exchange coupling filmmade of a PtMW
anti-ferr ympEEtdite dmd eheakboapdiwi BpFrovadowus aper Feochwpesitiored i s used
as the free layer. Since the coercivity of the CoFe alloy |ayer alone can

be exam neg,dyeaisdEdMBesame1hothé headae s ayecap,sNEFe@rcomptitution is
used. [0036] Then, in this enbodiment, a conposition "Co 50 ate Fe" is

sel ected agy AvRIROdY @ndobtihgbsp, coms aloddoiviagdaa Feohposttiitm 200 10
at% Fe" is selected as a conposition of |lower coercivity and the foll ow ng

three typego®f. Spine @lstAtsl bENFegnst i shdw nigh tsheaker whargnebecFéi |l m A and
the 20 ferromagnetic filmB by the conbination of the conpositions

descri bed SsVeich i QFalkd 28geiheo tihe chkasred (CheX aekrPehghetic film

A was changed between 20 to 30 Ain 1 A steps and stability for the

external npgneii Ca frdldk 3dmA40 att to 80 ats, a CoFe film having high
coercivity of 150 (Oe) or higher irrespective of the types of
cap, or having high ceoercivity of 200 (Oe) or higher depending
on the types of cap can be obtained. Further, in a case where
the Fe composition X of the layer to be measured (Co-X at% Fe)
is within a range from 0 at% to 20 at%, a CoFe film having low
coercivity of 30 (Oe) or lower irrespective of the types of
cap, or having low coercivity of 20 (0Oe) or lower depending on
the types of cap can be obtained. The constitution has an
exchange coupling film made of a PtMn anti-ferromagnetic
material and a CoFe alloy layer to be examined is used as the
free layer. Since the coercivity of the CoFe alloy layer
alone can be examined by using the same for the free layer,
such a constitution is used.
[0036]

Then, in this embodiment, a composition “Co 50 at% Fe”

is selected as a composition of higher coercivity, and a
composition "Co 10 at% Fe" 1is selected as a composition of

lower coercivity and the following three types of spin valve

£ilm constituting the ferromagnetic f£ilm A and the



change in resistance were determ ned. [0037] a Conbinati [
: : - on 1 A spin valve
filmusing Co 50 at% Fe for both ferromagnetic filmA and ferronggnetic
filmB: G ass substrate/CL/ Underlayer: N FeCr 42 A/Ru 4.5 A Free |ayer:
Ni Fe 20 A/ CoFe 10 A/ Non-nmagnetic spacer film Cu 20 A/ Ferromagnetic
filmB: Co 50 at% Fe 25 A/ Anti-ferromagnetic coupling film Ru 3.5 A
Ferromagnetic filmA: Co 50 at% Fe X A2¢X = 20 - 30)/ Cap: Ta 20 A (2
Conbi nation 2 A spin valve filmusing Co 50 at % Fe for ferromagnetic filmA
and Co 10 at% Fe for ferromagnetic filmB: G ass substrate/CL/ Underl ayer:
Ni FeCr 42 A/Ru 4.5 A/ Free layer: NiFe 20 A/ CoFe 10 A/ = Non-nmagnetic
spacer filfar3nfhe¥ic FaNmoBaDpethe donbmrBiticn ©F §heo FemMpPesiyions
Angl-ferronagnetlc coupling film Ru 3.5 A/ Ferromagnetic filmA: Co 50
at % Fe X Agd2tritndl -abde we€apprdparéd far@tiiiendhiighngss of the

ferromagnetic film A was changed between 20 to 30 Ain 1 4

steps and stability for the external magnetic field and a

change in resistance were determined.

[0037]

@O combination 1

A spin valve film using Co 50 at$%$ Fe for both ferromagnetic

film A and ferromagnetic f£ilm B:

Glass substrate/CL/

Underlayer: NiFeCr 42 A/Ru 4.5 A/

Free layer: NiFe 20 A/CoFe 10 A/

Non-magnetic spacer f£ilm: Cu 20 Ay

Ferromagnetic film B: Co 50 at¥ Fe 25 A/

Anti-ferromagnetic coupling f£ilm: Ru 3.5 A/ -

Ferromagnetic £ilm A: Co 50 at% Fe X A (X = 20 - 30)/

Cap: Ta 20 A

@ combination 2

A spin valve film using Co 50 at% Fe for ferromagnetic film A

and Co 10 at% Fe for ferromagnetic film B:

Glass substrate/CL/

Underlayer: NiFeCr 42 A/Ru 4.5 A/

Free layer: NiFe 20 A/CoFe 10 Ay

Non-magnetic spacer film: Cu 20 A/

Ferromagnetic £ilm B: Co 10 at% Fe 25 Ay



A spin valve filmusing Co 10 at% Fe for both ferromagnetic filmA and
ferromagnetic filmB: d ass substrate/CL/ Underlayer : N FeCr 42 AARu 4.5
Al Free layer : NiFe 20 A/ CoFe 10 A/ Non-nmagnetic spacer film Cu 20 A
Ferromagnetic filmB: Co 10 at% Fe 25 A/ Anti-ferromagnetic coupling film
Ru 3.5 A/ Ferromagnetic filmA: Co 10 at% Fe X A (X =20 - 30)/ Cap: Ta
20 A The coercivity of Co 10 at% Fe is2hbout 10 (Oe). -In addition, the
coercivity of Co 50 at% Fe is 200 (Oe) since it corresponds to a case
where Co 50 at% Fe is adjacent to Ta as a result of the exam nation

descri bed above. During deposition of the ferromagnetic filmA,

anti - f er r chmghefiérromagmetiing couphigRuGiard mhé-ﬁe%v’orragnet ic filmB, a
constant nmagnetic field (for exanple at a | evel of 70 (Cb)éémas applied in
t he directFerroiaghedtilc fdilmedti 6o pergehdlec® & (Ko=t B8 -dBPkLtion of an air
bearing surface) [0038] Fig. 2(a) shows an exanple of transfer curves at
2000 22 (Geapf dratate &spin valve filmusing the ferromagnetic filmA and
the ferromagnetic filmB both of Co 50 at% Fe (Conbination 1). The
structure @5 membishdkba $or the external magnetic field when the

t hi ckness of the ferromagnetic filmAis 28 A

A spin valve film using Co 10 at% Fe for both ferromagnetic
film & and ferromagnetic film B:
Glass substrate/CL/
Underlayer: NiFeCr 42 A/Ru 4.5 A/
Free layer: NiFe 20 A/CoFe 10 A/
Non-magnetic spacer film: Cu 20 A/
Ferromagnetic film B: Co 10 at% Fe 25 A/
Anti-ferromagnetic coupling film: Ru 3.5 A/
Ferromagnetic film A: Co 10 at% Fe X A (X = 20 - 30}/
Cap: Ta 20 A

The coercivity of Co 10 at% Fe is about 10 (Oe}. .- In
addition, the coercivity of Co 50 at% Fe is 200 (Oe) since it
corresponds to a case where Co 50 at% Fe is adjacent to Ta as
a result of the examination described above. During
deposition of the ferromagnetic film A, anti-ferromagnetic
coupling film (Ru) and the ferromagnetic film B, a constant
magnetic field (for example at a level of 70 (Oe)) was applied
in the direction of depth (direction perpendicular toc the
direction of an air bearing surface)
[0038]

Fig. 2(a) shows an example of transfer curves at 2000



and the magni tude of the nmagnetic nonent is equal between the

ferromagnetic filmA and the ferromagnetic filmB. The figure also shows
transfer curves for the spin valve filmfor 1 A around 28 A with respect
to the thickness of the ferromagnetic filmA. Also within the range (28 1
A), hysteresis is not caused in the neasuring magnetic field at 2000 (Ce)
and it is stable for the external magB2tic field of 2000 (0Oe). The

resi stance change is 1.7 to 9 @Q?, which is a |ower value conpared with
the constitution of the spin valve film @ (Conbination 2) shown bel ow.
[0039] Fig. 2(b) shows an exanple of transfer curves for the spin valve
filmO usif@e} Borf eeompdnetatvéi £falm @F u€angOothe Yferromaghetiie £ilm A
ferromagnetic filmB of Co 10 at% Fe. It is nost stable for the external
magnet i ¢ famed cetheh efierromaigoktdssf bimt B ebotflerafofegBét at¥f Fénl Pominatignand

t he magni tude of the nmagnetic nonent is equal between the ferromagnetic
filmA andi} he THerstamegoeei ¢sfnobst Bstdllke ficgutbeaksbeshalsmagngisiicer cur ves
for the spin valve filmin a case of 1 1 A around 24 Awith respect to the
t hi ckness pfelidavdear thenghetkaefs| of Ahdferrpaiagnesic £ilmabisksl 28/dn within
the range of the neasuring 23 magnetic field at 1000 (Ce) and it is stable
for the eximd Nngle mmgnitiide biFetHe ahadiOfli d @emenio iBy sjeaksbstwaercdheed at

24 A ferromagnetic filmA even in the measuring magnetic field of 2000

(Ce) and iteexdiiddrietichdiat &r bfdi thof f@aamhaynaltiici £¥1m B. The figure
also shows transfer curves for the spin valve film for 1 A
around 28 A with respect to the thickness of the ferromagnetic
film A. Also within the range (28 * 1 A), hysteresis is not
caused in the measuring magnetic field at 2000 (Oe) and it is
stable for the external magnetic field of 2000 (Oe). The
resistance change is 1.7 to 9 Q/?, which is a lower value
compared with the constitution of the spin valve film @
(Combination 2) shown below.
[0039]

Fig. 2(b) shows an example of transfer curves for the

spin valve film @ using the ferromagnetic film A of Co 50 at#%
Fe and the ferromagnetic film B of Co 10 at% Fe. It is most
stable for the external magnetic field when a thickness of the
ferromagnetic film A is 24 A and the magnitude of the magnetic
moment is equal between the ferromagnetic f£ilm A and the
ferromagnetic f£ilm B. The figure also shows transfer curves
for the spin valve film in a case of + 1 A around 24 A with

respect to the thickness of the ferromagnetic film A. No

hysteresis is caused even within the range of the measuring



Hysteresis is caused at 23 A and 25 A in which the pinned |ayer causes
irreversible change and the durability to the external magnetic field is
deteriorated conpared with the constitution (1). This is because the
coercivity of the ferromagnetic filmB in (c) is about 10 (Ce), which is
| ower conpared with coercivity 200 (Oe) of the ferromagnetic filmB in
cD. The change of resistance in the coR$titution 0 is 2.3 to 2.5 Q? and
the value of the resistance change is inproved conpared with the
constitution T. [0040] Fig 2(c) shows transfer curves for the spin valve

| ayer using O ferromagnetic filmA and ferromagnetic filmB both of Co 10
at % Fe, atmégmeaisuriieddragnaode {Oe) darel i#0GE st@ble Péenthdeextemialess of
the ferromagnetic filmA was changed between 20 and 30 Ain 1 A steps,
each | oop mégveric Fiedd tatoflooausday. | Hghysteresesi is(typsedlaexnll es are
shown in the figure) and the pinned |ayer of this constitutionis

i nst abl e apskidicapaiie &iin Rhatvendimg e endmsgirdhigcmbgae tiof fieldo500
(Ce). As also described in Patent Docunent 3, since a magnetic field

durabi | i t y20d0 1Q58) (488 ifRyxhebsuéf iseradwrisaansodeyboq stabibimnetic fiel d
fromthe medium the durability 24 to the external nmagnetic field of the

pi nned | aygysisSredis issWahiseaeat bevkland 29hé aenshiitht the pinmed the

constitution (Z Further, in viewof the large resistance change, a

constitutipavef ddidsePiitredlereiblenekangd rghdCan0 dardbEritprto the
external magnetic field is deteriorated compared with the
constitution @. This is because the coercivity of the
ferromagnetic £film B in C) is about 10 (Oe), which is lower
compared with coercivity 200 (Oe) of the ferromagnetic film B
in @©. The change of resistance in the constitution @ is 2.3
to 2.5 Q/7? and the value of the resistance change is improved
compared with the constitution .
[0040]

Fig 2(c) shows transfer curves for the spin valve

layer using (3@ ferromagnetic film A and ferromagnetic £ilm B
both of Co 10 at$ Fe, at a measuring magnetic field of 1000
(0De). When the thickness of the ferromagnetic film A was
changed between 20 and 30 A in 1 A steps, each loop shows a
result of causing large hysteresis (typical examples are shown
in the figure) and the pinned layer of this constitution is
instable and incapable of withstanding the magnetic field of
eﬁen 500 (Oe). As also described in Patent Document 3, since
a magnetic field durability of 1000 (Oe) may be suffice when

considering the magnetic field from the medium, the durability



the ferromagnetic film A and using a conposition with | ess Fe conposition
of about Fe 10 at% for the ferromagnetic filmB (Conbination 2) is
suitable. [0041.] In view of the above, the following spin valve film (a)
constituted by using the ferromagnetic filmB of Co 10 at% Fe and changi ng
the Fe conposition in the ferromagnetic filmA was prepared and the
coercivity of the ferromagnetic film A24was changed by changing Y. Spin
valve film(a): dass substrate/CL/ Underlayer: N FeCr 42 AARu 4.5 A

Free layer: N Fe 20 A/ CoFe 10 A/ Non-magnetic spacer film Cu 20 At
Ferromagnetic filmB: Co 10 at% Fe 25 At Anti-ferromagnetic coupling film
Ru 3.5 A tdefHeorageainal magnedic Coieldatdh Rhe2pAnh¥d=1aPer PY)dt &Lap: Ta 20
A A pinned |ayer stable for the external nagnetic field of 1000 (Ce) or

nore is exquEfeshdif 1%évie tiRethangendtoratidnd D 80di the heorsgtiitutdone film
As a result, it has been found 25 that a spin valve filmhaving a pinned

layer stahpe fetdcher,exherid: sBoH NarbeerdsobtdR0d dKagecam be attai ned
with good reproducibility at the coercivity of the ferromagnetic filmA
of 200 (Celofdti¥dii&n ofhithe tBent PhtkdesSI0IDt H8ihgdYes 50 ats Fe for

the ferromagnetic film A and using a composition with less Fe

composition of about Fe 10 at% for the ferromagnetic film B

{Combination 2) is suitable.

[0041}

In view of the above, the following spin valve f£ilm

(a) constituted by using the ferromagnetic film B of Co 10 at%

Fe and changing the Fe composition in the ferromagnetic film A

was prepared and the coercivity of the ferromagnetic film A

was changed by changing Y.

Spin valve film (a}:

Glass substrate/CL/

Underlayer: NiFeCr 42 A/Ru 4.5 A/

Free layer: NiFe 20 A/CoFe 10 A/

Non-magnetic spacer film: Cu 20 A/

Ferromagnetic film B: Co 10 at% Fe 25 A/

Anti-ferromagnetic coupling film: Ru 3.5 A/

Ferromagnetic film A: Co Y at% Fe 24A (Y = 10 - 90}/

Cap: Ta 20 A

A pinned layer stable for the external magnetic field

of 1000 (Oe) or more is examined for Y in the range from 10 to

90 in the spin valve film. As a result, it has been found



constituting the stacked pinned | ayer varies when film deposition is
repeated for many tinmes, "wth good reproducibility" neans that the
durability to the magnetic field of 1000 (Ce) or higher can be obtai ned
with good reproducibility even if the variations should be caused. In
view of Fig. 1, the Fe conpositional range for the ferromagnetic filmA
(CoFe) in which the value of the coergﬁvity Is 200 (Ce) or greater is from
40 to 80 at% [0042) Figs. 19 and 20 show graphs for transfer curves with
respect to other spin valve filns (b) and (c) in a case where a neasuring
magnetic field at 1000 (Ce) was applied fromthe outside within a range
of : Y = 10thabm spia ygdyei £almohaybrg a mingeidn loxpyestabhe oy ted (c) is
as described bel ow. Spin valve film(b): G ass substrate/ Underlayer:
Ni FeCr 42 exvrernalk mygnetigefigddrof N0 S O8)Cora g Artaiped rifietdaedspacer
film Cu 19 A/ Ferromagnetic filmB: Co 10%Fe 25 A/ Anti-ferromagnetic
coupl i ng freprodurcididisy 26 Fheropexgpislily fofl vha fepromagretiqyfilng Ru 5
Al Ta Fig. 19 shows resistance change curves for the external magnetic
field of 100®RIMOL)Oa)n caxr bagbewher¥hi¢ sthe thickness of the layer

constituting the stacked pinned layer varies when f£ilm

deposition is repeated for many times, “with good

reproducibility” means that the durability to the magnetic

field of 1000 (Qe) or higher can be obtained with good

reproducibility even if the variations should be caused. In

view of Fig. 1, the Fe compositional range for the

ferromagnetic film A (CoFe) in which the value of the

coercivity is 200 (Oe) or greater is from 40 to 80 at%.

[0042]

Figs. 19 and 20 show graphs for transfer curves with

respect to other spin valve films (b) and (c} in a case where

a measuring magnetic field at 1000 (Oe) was applied from the

outside within a range of: ¥ = 10 - 90. The constitution for

the spin valve films {(b) and (c) is as described below.

Spin valve film (b):

Glass substrate/

Underlayer: NiFeCr 42 A/Ru 4.5 A/

Free layer: NiFe 5 A/CoFe 15 A/

Non-magnetic spacer f£ilm: Cu 19 A/

Ferromagnetic film B: Co 10% Fe 25 A/

Anti-ferromagnetic coupling film: Ru 3.5 A/



changed within a range from30 to 90 and Y is changes wthin a range from
21 to 24 in the spin valve film(b). Wthin the range of the Fe
conposition from40 to 80% curves with no hysteresis can be obtained at a
position near the thickness of the ferromagnetic filmA at X = 22 A but
curves with no hysteresis cannot be obtained with Fe conposition from 30%
to 90% even how Y is changed and this2¢s not stable for the magnetic
field of 1000 (Ce). Accordingly, durability to the nagnetic field of 1000
(Ce) or nore can be obtained by controlling the Fe conposition to 40 to
80% and the <coercivity (Hc) within the range of the Fe conposition is 200
(Ce) or nmFexrriamagnenicf fEilg. Al Ce&pEh RalWwéd/film (c): dass substrate/
Underl ayer: NiFeCr 42 AARu 4.5 A/ Free layer: NiFe 5 A/ CoFe 15 A/
Non- magnetGap sffacer Affillam Cu 19 A/ Ferromagnetic filmB: Co 10% Fe 20 A/
Anti-ferromagnetic coupling film Ru 3.5 A/ Ferromagnetic filmA: Co- X% Fe
Y Al Cap: Ru 5 A/ Fadg27 1Bi gho®f séoistares sthange chavge forvese to the
external nmagnetic field of 1000 (Oe) in the spin vale layer (c) in a case
wher e X wasktdmaiaethagnehtic fieadgef {1000 3@e)o iB0aandsdy whese chaieged within
a range from2l1 to 24 in the same nmanner.

changed within a range from 30 to 90 and Y is changes within a

range from 21 to 24 in the spin valve film (b). Within the

range of the Fe composition from 40 to 80%, curves with no

hysteresis can be obtained at a position near the thickness of

the ferromagnetic film A at X = 22 A but curves with no

hysteresis cannot be obtained with Fe composition from 30% to

90% even how Y is changed and this is not stable for the

magnetic field of 1000 (Oe). Accordingly, durability to the

magnetic field of 1000 (Oe) or more can be obtained by

controlling the Fe composition to 40 to 80%, and the

coercivity (Hc) within the range of the Fe composition is 200

{Oe} or more in view of Fig. 1.

Spin valve film (c}:

Glass substrate/

Underlayer: NiFeCr 42 A/Ru 4.5 A/

Free layer: NiFe 5 A/CoFe 15 A/

Non-magnetic spacer £ilm: Cu 19 A/

Ferromagnetic film B: Co 10% Fe 20 A/

Anti-ferromagnetic coupling f£ilm: Ru 3.5 A/

Ferromagnetic film A: Co-X% Fe Y A/

Cap: Ru 5 A/Ta



This is different fromthe spin valve film(b) in that the thickness of
the ferromagnetic filmB (Co 101 Fe) is changed from"25 A" to "20 A". In
the sane manner as the result of Fig. 19, it can be seen that 40 to 80%is
appropriate to the range of the Fe conposition. In this case, it can be
seen that the waveform w th no hysteresis appears at a position near the
t hi ckness of the ferromagnetic filmA éf about 17 A, and durability to the
magnetic field of 1000 (0Oe) or nore can be obtained by controlling the Fe
conposition in the ferromagnetic filmA to 40 to 80% In view of this
enbodi nent, the thickness of the ferromagnetic filmB in the stacked
pi nned | ayer 80 i F¥I{f &L iShewsnTeReSEaRRR Fhalli2FuAvVeES 28 hhe emkgiaidlc
field durability with no hysteresis could be obtained also within a range
of the thiBRERREIGIILe ROPRghee) cin fihensmErf vgdeldapero(@h by
controlling the Fe conposition in the ferromagnetic. filmA to 40 to 80%
in view of case whexg tX ¢fasg chengeavitiiyera meange foom BPuter 39 ead Y 00431
Further, to examne the relation between the Fe conposition of CoFe and
t he resi stvWagechangrt wifthilme a rengenfigeretdl tfd (24 Bn $penseme veanndéms (d) in
whi ch the Fe 28 conposition was changed in the ferromagnetic filmB were
prepar ed afdiexksn ditfer@msdqoenthyg, spin heslveediiliofbd ihathat hehe esi st ance
change | owers abruptly when the Fe conposition exceeds 20 at%

thickness of the ferromagnetic film B (Co 10% Fe} is changed

from "25 A" to “20 A". In the same manner as the result of

Fig. 19, it can be seen that 40 to 80% is appropriate to the

range of the Fe composition. In this case, it can be seen

that the waveform with no hysteresis appears at a position

near the thickness of the ferromagnetic f£ilm A of about 17 A,

and durability to the magnetic field of 1000 (Oe) or more can

be obtained by controlling the Fe composition in the

ferromagnetic f£film A to 4C to 80%. In view of this embodiment,

the thickness of the ferromagnetic f£ilm B in the stacked

pinned layer 80 is effective in the range from 20 A to 25 A.

Magnetic field durability with no hysteresis could be obtained

also within a range of the thickness of the ferromagnetic film

B from 15 A to 35 A by controlling the Fe composition in the

ferromagnetic film 2 to 40 to B80% in view of the result of a

similar experiment {(not illustrated).

[0043]

Further, to examine the relation between the Fe

composition of CoFe and the resistance change of the

ferromagnetic £ilm B, spin valve films (d) in which the Fe



Fig. 15 shows the results. Spin valve film(d): d ass substrate/

Underl ayer: NiFeCr 42 AARu 4.5 AANiFe 5 At Free layer: N Fe 5 A/CoFe 15 A/
Non- magnetic spacer film Cu 19 A/ Ferromagnetic filmB: Co-X% Fe 25 A/
Anti-ferromagnetic coupling film Ru 3.5 A/ Ferromagnetic filmA: Co-50%
Fe 24 Cap : Ta 20 A It is possible thﬁé-the reason for the result shown in
Fig. 15 is that crystals of the ferro %netic filmB are in a
face-centered cubic structure when the Fe conposition is 20 at%or |ess,
whereas they are in a state m xed with body- centered cubic structure when

t he Fe conposition exceeds, 20 at % ich |owers the chin roperty with
the adj acerfMPRT TPy WRS PQ?BFE'?GD%‘ %qf?e t%grfog@gpgéﬁf:egg%“%b‘ig%lp%truct ure.
Accordingly, it is preferred that the Fe ¢ osition jn th ferr.omagnetic
filmBis Eﬁ%ﬂﬂﬁ?Qaqqgnﬁéaﬂﬂnﬁé'at@??ﬁeQQﬁﬂ§ 0 l&té?ﬁrbﬁ%?eféu uf?ﬁﬁ?, as
can be seen fromFig. 1, in a case mﬂg&f the F conﬁoiktion IS %%Eat96or

| ess, si nce® FESIFtERGEC CHARFE oL OFVRES n&RER PP FRBRY or

less and is sufficiently smaller conpared with the coercivity of the
f er r omagne®¥¢esds A% 3200 (Oe) or nore) of Co 50 at% Fe conposition, it

has an advant age capable of controlling the
Fig. 15 shows the results.

Spin valve film {(d):
Glass substrate/
Underlayer: NiFeCr 42 A/Ru 4.5 A/NiFe 5 A/
Free layer: NiFe 5 A/CoFe 15 A/
Non-magnetic spacer film: Cu 19 A/
Ferromagnetic film B: Co-X% Fe 25 A/
Anti-ferromagnetic coupling film: Ru 3.5 A/
Ferromagnetic film A: Co-50% Fe 24 A/
Cap: Ta 20 A

It is possible that -the reason for the result shown in
Fig. 15 is that crystals of the ferromagnetic film B are in a
face-centered cubic structure when the Fe composition is 20
at$%$ or less, whereas they are in a state mixed with body-
centered cubic structure when the Fe composition exceeds 20
at%, which lowers the matching property with the adjacent
conductive layer (Cu) of the face-centered cubic structure.
Accordingly, it is preferred that the Fe composition in the
ferromagnetic film B is within a range of 20 at% or less (0
at% or more). Further, as can be seen from Fig. 1, in a case

where the Fe composition is 20 at% or less, since the



direction of the magnetization of the pinned | ayer 80 as wll be described
| ater. [0044] The stacked pinned | ayer 80 conprises a ferromagnetic filmA
and a ferromagnetic filmB, and an anti-ferronmagnetic coupling film put
t herebet ween. The anti-ferromagnetic coupling filmhas a function of
coupling the ferromagnetic filmA and the ferromagnetic filmB in an
antiparall el manner. One of paraneter3?expressing the strength of
interaction coupling the ferromagnetic filmA and the ferromagnetic filmB
in the antiparallel manner is an anti-ferromagnetic coupling saturation
magnetic field (hereinafter referred to as Hs). This is a level of a
magneti ¢ ftebdcheres sd {thieofecaosagnethe £ilayMetisz 30i 6Aedf or hbess and
ferromagnetic filmA and the ferromagnetic filmB that are directed
anti paral | g5 §effbeientiiyhamallerheompackddvitimide capscigdty cofalitetical |y
saturate in the parallel direction by the external magnetic field (in
ot her wor dgsertémégndiiuightini At ¢2a0c 00p) evelmoner @fl €0 §Panky.FeThe
anti-ferromagnetic coupling saturation magnetic field Hs has an effect on
t he durabi bbhpooitidre, sitatiesd api adedntagercdifableo ofheopxrelhdnd nklfhet i c
field, and as the value is larger. 30 the durability to the external
magneti ¢ f gekdct Som NG ared msignlet iaagiiahi ofit thee phoined dbyerefd g9 will
i nvestigate the relation between the saturation magnetic field Hs and the
t hi ckness Bé aéberipéd -Tagaramagneti c coupling film (Ru), the spin valve
film

[0044]

The stacked pinned layer 80 comprises a ferromagnetic
film A and a ferromagnetic film B, and an anti-ferromagnetic
coupling film put therebetween. The anti-ferromagnetic
coupling film has a function of coupling the ferromagnetic
film A and the ferromagnetic film B in an antiparallel manner.
One of parameters expressing the strength of interaction
coupling the ferromagnetic f£ilm A and the ferromagnetic film B
in the antiparallel manner is an anti-ferromagnetic coupling
saturation magnetic field (hereinafter referred to as Hs).
This is a level of a magnetic field necessary for causing the
magnetization of the ferromagnetic film A and the
ferromagnetic film B that are directed antiparallel to each
other in the stacked pinned layer 80 to magnetically saturate
in the parallel direction by the external magnetic field (in
other words, to be brought into a completely parallel state).
The anti-ferromagnetic coupling saturation magnetic field Hs
has an effect on the durability of the stacked pinned layer 80

to the external magnetic field, and as the value is larger,



having a pinned |layer with a |larger thickness conpared wwth the practical
pi nned | ayer was prepared with the thickness of Ru filmbeing varied
between 3.5 A and 5.0 A and the tenperature change for the
anti-ferromagnetic coupling saturation magnetic field Hs was exam ned.

This spin valve filmconprises the follow ng: glass
substrate/ CL/underl ayer: N FeC 42 AN 4.5 ANNiFe 5 Alfree | ayer: N Fe 20
Al CoFe 10 A/ non-nmagnetic spacer film Cu 25 A/ferromagnetic filmB: Co- Fe
180 A/ anti-ferromagnetic coupling film Ru XA/ferromagnetic filmA Co Fe
180 A/cap: Ta 20 A In this case, the film thickness of CoFe of ea,ct]bof
the ferronblyecdumalilimya tenghehextesnabmagnatiic fieddpissiPREPEEE MY 180
A which is about 8 tines as large as the practical level. This is because
the naxi nangealieative insiatopft HéeweasTe i My aSisgatfethei £e4868° (e) and
it is intended that Hs can be neasured within the range of the magnetic
field [O0OWStwéen.tist Bairendionhpageetie. fimkd Y @@ddhgt thShPe%rﬁfgrat ure
increases from900 (Ce) to 3100 (Ce) and further to 5000 (Ce) orh%j‘ her as
the thicknebe antihermonadnetigecpunseng f ok 6Bl .o theasRAR VALYE 0 3.5
A. At the 31 thickness of the Ru filmof 3.5 A Hs exceeds 50Q0 &Cﬁ) as the
upper neashavimg|anpinmest layernwgisbt fclareed, thifiaesss COBRArEds¥yt™ s 5000
(Ce) or nore. Since Hs and the thickness of each of the ferroma net%c
films A anth8 practicah ninnedsdayer was prepared with the thicknesSs o

Ru film being varied between 3.5 A and 5.0 A and the

temperature change for the anti-ferromagnetic coupling

saturation magnetic field Hs was examined. This spin valve

film comprises the following: glass substrate/CL/underilayer:

NiFeCr 42 A/Ru 4.5 A/NiFe 5 A/free layer: NiFe 20 A/CoFe 10

A/non-magnetic spacer film: Cu 25 A/ferromagnetic f£ilm B: Co-

Fe 180 A/anti-ferromagnetic coupling film: Ru XA /ferromagnetic

£ilm A: Co Fe 180 A/cap: Ta 20 A. In this case, the film

t+hickness of CoFe of each of the ferromagnetic film A and the

ferromagnetic film B is increased to 180 A which is about 8

times as large as the practical level. This is because the

maximum magnetic field of the measuring instrument is 5000

(Oe) and it is intended that Hs can be measured within the

range of the magnetic field.

{0045]

Fig. 3(a) shows the result. The value Hs at room
temperature increases from 900 (Oe) to 3100 (Oe) and further

to 5000 (Oe) or higher as the thickness of the Ru f£ilm

decreases from 6 A to 5 A and, further to 3.5 A. At the



proportional relation (on the prem se that the thickness is equal between
the ferromagnetic filmA and the ferromagnetic filmB), the result
converting the filmthickness of CoFe to 25 Ais shown in Fig. 3(b). As a
result, the value Hs at a roomtenperature (about 20C) is 7000 (Ce) for Ru
6 A and 22000 (Ce) for Ru 5.0 A and it reaches a extrenmely large value
of 35,000 (Ce) or nore at Ru 3.5 A Acébrdingly, when the thickness of the
Ru filmis about 3.5 A durability to the external magnetic field is

i nproved. Further, Hs changes |linearly relative to the tenperature

el evation and Hs at 300C relative to Hs at roomtenperature is 60%for Ru
A and 45% tlekckiassa off (hecRUTAEAD ¢ Tsdardi néisa e¥ErgAsoR0PRt (Reh 2% Hibkness

of Ru filnf and "resistance change property of the spin valve filnl, the
fol | owi ng wpper vegasurinomlimifgfarf ehe graemeddicc fipla AWBLICh bS50 at % Fe and
a ferromagnetic filmB of Co 10 at% Fe was prepared. During film
deposi t i onexpresaedtasc 6O@O0pi(Arddor ayere . Hiagestignarfahet thigkngss jof
applied. dass substrate/CL/ Underlayer: N FeCr 42 ARu 4.5 A 32 Free
| ayer: N Fea@) o¥ Gifee fe@ramaghehiaufhbng A auec & atel An an Puveyse 550) /
proportional relation (on the premise that the thickness is
equal between the ferromagnetic film A and the ferromagnetic
film B), the result converting the film thickness of CoFe to
25 A is shown in Fig. 3(b). As a result, the value Hs at a
room temperature {about 20°C) is 7000 (Oe) for Ru 6 A and
22000 (Oe} for Ru 5.0 A, and it reaches a extremely large
value of 35,000 (0Oe) or more at Ru 3.5 A. Accordingly, when
the thickness of the Ru film is about 3.5 A, durability to the
external magnetic field is improved. Further, Hs changes
linearly relative to the temperature elevation and Hs at 300°C
relative to Hs at room temperature is 60% for Ru A and 45% for
Ru A.
[0046]

Then, to examine a relation between “thickness of Ru
film" and “resistance change property of the spin valve f£ilm",
the following spin valve film using a ferromagnetic film A of
Co 50 at% Fe and a ferromagnetic film B of Co 10 at% Fe was
prepared. During f£film deposition of the stacked pinned layer,
a constant magnetic field is applied.

Glass substrate/CL/

Underlayer: NiFeCr 42 A/Ru 4.5 A/



Ferromagnetic filmB: Co 10 at% Fe 25 At Anti-ferromagnetic coupling film
Ru X A (X = Ferromagnetic filmA: Co 50% Fe Y A (Y = 23, 24,25)/ Cap: Ta 20
A Fig. 4 shows the relation between the resistance change property and the
t hi ckness of the Ru filmobtained from the above exam nati on. Wen the

t hi ckness of the Ru film increases from2.5 to 3.0 A, the resistance
change increases from2.0 to 2.3 Sz/~34nd then settles constant from 3.0
to 4.0 A The resistance change decreases from2.3 S2/~ to 2.0 Q™ as the
t hi ckness of Ru increases from4.0 to 5.0 A The resistance change of the
spin val ves takes a peak as dﬁscribed - above because Hs has a sufficiently

| arge val UBre® Yawer:r NAge 202A4CP¥e L0 f/eferred to select the range of 3.0
to 4.0 Afor the thickness of the Ru fil.mwhere the resistance change
reaches a NeRKnagmidr spacede§eiPpttorithdY been nade of the desired
structure fromthe viewpoint of the stability.for the external magnetic
field and TeEremagyssiint £aam Rer 6asih@thd e &5 &ance change. The inport ant
feature of this enbodinent is to re-arrange the,  nagnetization jnto a
desired diArbiiferiamasmetscncRYPLERG o ARy fadndKic £idld i cation at
roomtenperature in 33 a case where the direction of the nmgnetization of
t he pi nnedFerromagnetic film A: Co 50% Fe Y A (Y = 23, 24, 25}/

Cap: Ta 20 A

Fig. 4 shows the relation between the resistance

change property and the thickness of the Ru film obtained from

the above examination. When the thickness of the Ru £ilm

increases from 2.5 to 3.0 A, the resistance change increases

from 2.0 to 2.3 /0 and then settles constant from 3.0 to 4.0

A. The resistance change decreases from 2.3 Q/00 to 2.0 Q/0

as the thickness of Ru increases from 4.0 to 5.0 A. The

resistance change of the spin valves takes a peak as described

.above because Hs has a sufficiently large value in this range,

and it is preferred to select the range of 3.0 to 4.0 A for

the thickness of the Ru film where the resistance change

reaches a peak.

[0047]

The description has been made of the desired structure
from the viewpoint of the stability for the external magnetic
field and the viewpoint of increasing the resistance change.
The important feature of this embodiment is to re-arrange the
magnetization into a desired direction by performing

appropriate magnetic field application at room temperature in



| ayer 80 is deviated fromthe desired direction, for exanple, in the step
of air bearing surface fabrication, that is, to provide a constitution
capable of controlling the direction of nmagnetization of the pinned | ayer
at roomtenperature. The constitution capable of restoring the

magneti zation of the pinned |ayer intgéa desired direction and its

restoring nethod are to be described | ow. [0048] At first, various
studi es have been nmade to control the magnetization direction of the
pinned layer in the constitution of using Co 50 at% for both the
ferromagnetic filmA and ferronagagtic filmB, t

: hag_is, Ln the .

const i t ut idrFasthemensoithe; FATPEF+OMehdtisc Maanst 142 ﬁanB‘)Jﬂa%e RS
coercivity (about 300 (Ce)). It has however not succeeded_in controlling
the magnet}axan &P ds Aevigtafelremythe dained dinechden - of PBcE¥IWP Nt hin
the range of the studies. [0049] On the other hand, it has been succeeded
in controilithe Heome§nedrz Beabing $Eetassh tEPriRatpPRneiabyEs t1® an
intended direction in a case of a constitution using Co 50 at%Fe for the
f err omagneRyavide @ Konsditytionacapdele if Rtredliddaliet FEr¢¢ 1A 0 hat
is, in a case where the coercivity of the ferrona%netic film (about 300
(Ce)) is impgneiseatien ofntheapinpedelayer it COSPCEEMPGratutfe The
ferromagnetic filmB 34 (about 10 (0Oe)). The constitution and_the nethod
are to be constitution capable of restéring the magnetization of the

pinned layer into a desired direction and its restoring method

are to be described below.

[0048]

At first, various studies have been made to control

the magnetization direction of the pinned layer in the

constitution of using Co 50 at% for both the ferromagnetic

film A and ferromagnetic film B, that is, in the constitution

where both the ferromagnetic films A and B have the same

coercivity (about 300 (Oe)). It has however not succeeded in

controlling the magnetization of the pinned layer into an

intended direction within the range of the studies.

[0049]

On the other hand, it has been succeeded in

controlling the magnetization direction of the pinned layer to

an intended direction in a case of a constitution using Co 50

at% Fe for the ferromagnetic film A and Co 10 at% Fe for the

ferromagnetic film B, that is, in a case where the coercivity

of the ferromagnetic film (about 300 (Oe)) is increased 30

times as large as the coercivity of the ferromagnetic film B



descri bed bel ow. [0050] A two-step nmagnetic field application is devised as
the magnetic field application nethod. Fig. 5 shows the , nethod of magnetic
field application. At first, a uni- directional nagnetic field at a | evel
HL is applied in a desired direction to which the magneti zation of the
ferromagnetic filmA is intendedly dirggted as a first step. After
renovi ng the magnetic field, a uni-directional nmagnetic field at a |evel
H2 is applied in a direction perpendicular to the direction of the first
step and then the magnetic field is renmoved. To determ ne the spin valve

f|In1const|tut|on that ..can_be cont plled by t fiel l'ication
met hod and'@2®% plrﬂ'dﬁ%)alte Fagefe ’6? Heyran @ Spasgfﬁl ‘gn%rﬂzt) 6%[1)

t hi ckness of a spin . valve filmin which the thickness of the

anti - f er r oReYEYREd QSP%ng film (Ru) i s changed between 3.0 to 4.0 A and
the thickness of the ferromagnetic filmA is changed between 22.0 to 26.0
Ais prepafb@®®Y the following constitution. During filmdeposition of the
pi nned layer of the follow ng spin valve fil a. constan tic field
070" Coey) 1 s appih G taenBaBtathe 11910 ABPLLEECITAnte JAVEEd a8 acs
substrate/CL/ Underlayer Ni FeCr 42 A/ Ru 4. SGA/ Free_l ayer: N Fe 5 A/ CoFe
15 A/ 35 NBRe iRgRatic £ieddr applicakipn dreghod. Fig. 5 shows the

-method of magnetic field application. At first, a uni-
directional magnetic field at a level Hl is applied in a
desired direction to which the magnetization of the
ferromagnetic film A is intendedly directed as a first step.
After removing the magnetic field, a uni-directional magnetic
field at a level H2 is applied in a direction perpendicular to
the direction of the first step and then the magnetic field is
removed. To determine the spin valve film constitution that
can be controlled by the magnetic field application method and
an appropriate level of magnetic fields (H1 and H2), the
thickness of a spin valve film in which the thickness of the
anti-ferromagnetic coupling film (Ru)} is changed between 3.0
to 4.0 A and the thickness of the ferromagnetic film A is
changed between 22.0 to 26.0 A is prepared by the following
constitution. During film deposition of the pinned layer of
the following spin valve film, a constant magnetic field (70
(Ce)) is applied to deposit the film for the pinned layer.
Glass substrate/CL/

Underlayer: NiFeCr 42 A/Ru 4.5 A/

Free layer: NiFe 5 A/CoFe 15 A/




Ferromagnetic filmB: Co 10 at% Fe 25 A/ Anti-ferromagnetic coupling film
Ru XA (X=3.0- 4.5)/ Ferromagnetic filmA: Co 500Fe Y A (Y = 22.0 -
26.0)/ Cap: Ru 5 AlTa 20 A After formng the spin valve filmdescribed
above, the nmagnetic field application treatnent described above was
perfornmed and then, the magnetization ggntrollability property of the

pi nned | ayer was exam ned. After filmdeéposition, transfer curves were
measured and t he resistance change (the resistance change value is
hereinafter referred to as dRl) and the direction of the magnetization of
the ferromagnetic filmA herei nafter, the magnetization direction of the
f er r omagnNR-MGgNehiL SPaFeFef it tO2 &° &/phal) were determned. As a
result, it was confirned_that the ferromagneti,c filmA was directed to
the directfFFmadneitadhemi B: 1FRl 10 At ifed <duf/ng deposition (hereinafter
the direction is referred to as 0 degree. _Accordingly, Al phal_was

subst ant i N4 ferronegnetic GRPPLIRG ik RidgRef¥c=f A+t B 4 Mirected to
a direction opposite to the apgéication di,rection duringsde osition. To

i nvest i gatEeTEMmaEGicCofLami A7t yO 1 9P thfe rdgdet Fz28i Bn~of6tHY pinned | ayer

by the magnetic field applic¢ation, magnetization reversal of the pinned
| ayer was GARemt &dA/T8089] AFig. 16 shows by way of exanple a principle of

36 controlling the magnetic nmoment of the ferromagnetic filmA
After forming the spin valve film described above, the

magnetic field application treatment described above was
performed and then, the magnetization controllability property
of the pinned layer was examined. After film deposition,
transfer curves were measured and the resistance change (the
resistance change value is hereinafter referred to as dR1l) and
the direction of the magnetization of the ferromagnetic film A
(hereinafter, the magnetization direction of the ferromagnetic
film A is referred to as Alphal) were determined. As a result,
. it was confirmed that the ferromagnetic film A was directed to
the direction of the magnetic field applied during deposition
(hereinafter the direction is referred to as 0 degree.
Accordingly, Alphal was substantially at 0 degree), while the
ferromagnetic film B was directed to a direction opposite to
the application direction during deposition. To investigate
the controllability for the magnetization of the pinned layer
by the magnetic field application, magnetization reversal of

the pinned layer was attempted.

[0051]

Fig. 16 shows by way of example a principle of




which is directed in +Y direction in the initial state into -Y direction
by a two-step magnetic field application. The essential conditions for
controlling the direction of the nagnetic nonent is that the coercivity of
the ferromagnetic filmA is larger than that of the ferromagnetic film
and that the magnetic nonent of the fg romagnetic filmA is larger than
that of the ferromagnetic filmB. [005 § In the magnetic resistive head
having the spin valve filmas an elenent, a phenonmenon may occur wherein
the magnetic nonment of the pinned |layer is reversed due to the air

bearing surface |apping fabrication (magneti ¢ structural  da e).. Fig. 16
ohone e Fes el bl Hhe' Botnathn Ponfnorat uhe etthiatnetiG PER A he

magneti c nonent of the ferrqmagnetic filmA (high Hc) is magnetized_in +Y
0 Sacti on VR 15 ATRRFIEA AhmatolETer LiSHb o iovRgnoLrt PTARE BTIORIH) 1S
magnetized_in -Y direction. [0053% At first, a g%%netic_field at the first
step is aPbFeeHioh Whe FvossteBnmagRehtfedisd & oRPLdFathe gt ic nonent
of the ferromagnetic filmA, that is, inthe -Y direction. As the nagnetic
field at taeseRtial gagditdopsghier, controkling &hs SAEPFEHOP nOt HEl® t he
magneti c nonent of the ferromagnetic film A upon agplication of magnetic
field 37 a$§g%%5%gﬁpqqﬁyt_gsd¢p§gtpgﬁ_coer01v1t of the ferromagnetic

film A is larger than that of the ferromagnetic film, and that
the magnetic moment of the ferromagnetic film A is larger than
that of the ferromagnetic film B.

[0052]

In the magnetic resistive head having the spin valve
film as an element, a phenomenon may occur wherein the
magnetic moment of the pinned layer is reversed due to the air
bearing surface lapping fabrication (magnetic structural
damage). Fig. 16 shows the reversed state as an initial state.
In the initial state, the magnetic moment of the ferromagnetic
film A (high Hc) is magnetized in +Y direction, and the
magnetic moment of the ferromagnetic film B {low Hc) is
magnetized in -Y direction.

[0053]

At first, a magnetic field at the first step is
applied in the direction intended to control the magnetic
moment of the ferromagnetic film A, that is, in the -Y
direction. As the magnetic field at the first step is higher,

it is more preferred in that the magnetic moment of the

ferromagnetic £ilm A upon application of magnetic field




D s

[0054] In the course of renoving the magnetic field at the first step, the
change of direction of the magnetic nonent of the ferromagnetic filmA
having |l arge coercivity is relatively small and the nagnetic nonent of the
ferromagnetic filmB having smaller coercivity changes nmainly to form an
antiparallel state, so that the nagnetig nonent of the ferromagnetic film
A approaches the -Y direction. Fbmever? the magneti c nonent of the
ferromagnetic filmA does not reach the state parallel to the -Y
direction. This is because the nmagnetic nonent as the synthesis of the
ferromagnetic filmA _and_the ferromagnetic filmB in the course of

removi ng t FRPTRGHRR it8e idl 4L1apGFY2%hes the direction of the magnetic field

to decrease the Zeenman energy. [0055] Then, to allow the magnetic nonent of
t he ferroﬂﬁﬁﬁﬁlic filmA that approached -Y direction to approach
substantially the -Y direction, a second step nmagnetic _application is
conducted in the dift &6 ERVUpERpRAITRTIES ch(ené“a%PieF%F §%€§d G ¢ fiel d
(direction_ X). It is preferred that  the second step magnetic field is nade
smal | er cofbeseFRARh thenshapget okt dbrerlgint iof fthe) Bagpetifamomeetd fiel d
s too strong, the magnetic nonment of the ferromagnetic filmA that

appr oachedthe ¥RFEAMAGRNEtEE £ALMs fr BRVINS JLaRA SOCCCAVEEY 38 BHHRT RN

approaches the X direction.. The second step )
small and the magnetic moment of the ferromagnetic film B

having smaller coercivity changes mainly to form an
antiparallel state, so that the magnetic moment of the
ferromagnetic film A approaches the -Y direction. However,
the magnetic moment of the ferromagnetic film A does not reach
the state parallel to the -Y direction. This is because the
magnetic moment as the synthesis of the ferromagnefic film A
and the ferromagnetic film B in the course of removing the
magnetic field approaches the direction of the magnetic field
to decrease the Zeeman energy.

[0055]

Then, to allow the magnetic moment of the
ferromagnetic film A that approached -Y¥Y direction to approach
substantially the -Y direction, a second step magnetic
application is conducted in the direction perpendicular to the
first step magnetic field (direction X). It is preferred that
the second step magnetic field is made smaller compared with

the first step magnetic field. If the magnetic field is too

strong, the magnetic moment of the ferromagnetic film A that

approached -Y direction by the first step magnetic field




magnetic field application also serves as a treatnent for determning the
direction of the nmagnetic nonent of the permanent magnet filns di sposed on
both sides of the GWR layer. Accordingly, it is necessary to nake it

| arger than the coercivity He of the permanent nmagneto |ayer (pernanent
magneto | ayer). [0056) In the course oé decreasing the magnetic field at
the second step, the magnetic nonent F the ferromagnetic filmA is
directed substantially to the -Y direction by utilizing the fact that the
nmonment of the synthesis of the ferromagnetic filns is directed to the
magnetic field direction to lLower the _Zeeman. energy. Accordingly, it is
not pref er PRBL1¢EkiqhanPLoaches) the ek PHFeFERE | ﬁh%héeﬁﬁﬁﬁe?+%gnnnnnts
between the ferromagnetic film A and_ ferromagnetic filmB. The allowable
extent of PAYNRLITF gl aRPligakdoRedtF? RRFYER &° T G652MPRL t1RF t wo- st ep
magnetic field application nmethod, the magnitude for H is set to two

types of |@¢EeEnining o digertighdot 4t ematicrMOmeRynPt utRefor H2 was

set to 10,000 (Ce). After the twy-step_ rmagnetic field ap hiq&h&o ,
transfer chewBanen agRes fidisafdspaeet «QF Rkt S3desngé g 8 %xee‘b't i on

of magnetization of the ferromagnetic film A were exam ned. The val ue of

the resi stAfeerd¢ingle it dm nerESEREY dh? drakenl ty diaFgedo then Hae

ferromagnetic filmA is Al pha2 after the application.
coercivity Hc of the permanent magneto layer (permanent

magneto layer}.
[0056]

In the course of decreasing the magnetic field at the
second step, the magnetic moment of the ferromagnetic £ilm A
is directed substantially to the -Y direction by utilizing the
fact that the moment of the synthesis of the ferromagnetic
films is directed to the magnetic field direction to lower the
Zeeman. energy. Accordingly, it is not preferred that there is
a large difference in the magnetic moments between the
ferromagnetic film A and ferromagnetic film B. The allowable
extent of the difference is to be described later.

[0057]

In the two-step magnetic field application method, the
magnitude for Hl is set to two types of levels at 10,000 {Oe)
and 14,000 (Oe). The magnitude for H2 was set to 10,000 (Oe).
After the two-step magnetic field application, transfer curves
were measured and the resistance change and the direction of
magnetization of the ferromagnetic film A were examined. The

value of the resistance change is dR2 and the direction value



In this enbodi ment, Alpha2 is within a range of 180 10 degrees, and it is
judged that 1800 reversion is succeeded for the magnetization of the
ferromagnetic filmA when the value of resistance change dR2 is 95% or
nore for dR1l, and the nmagnetization direction of the pinned | ayer can be
controlled. [0058] In Figs. 6(a) and 6§b), synbols "O' are attached to

the constitution where the nagnetizatié reversal of the pinned | ayer
succeeded according to the judging criterion, while synbols "X' are
attached to the constitution where the mnmagnetization reversal did not
satisfy the judging criterion. Accordingly, constitution a&tached W th
symbol s " 0°fnthesterppmagnaliicofd 1Bapabf AN ANGY ithg PREBLAGERES? zati on
of the pinned |ayer. 0059] Fig. 6(a) shows a result in which Hl was
performed Ap thbsoeebedimendnd AiphaZets) vEHR & HEN98s Ot 1ffRetelPn was
performed at 14,000 (Ce). In this constitution, Ru 5 AlTa 20 is used for
the cap | ajlegrees. tard reyret ijvdgsfehhabel¥reFevegaapnpis weesreefied for
ferromagnetic filmA and the ferromagnetic film B when the thickness of
the ferronthaenagnetizataiqns of2 the ferremagneike fiidie & WBSPhEERNE_LIG! t he
ferromagnetic filmA is 22.0 A that is, in a case where there is no

di f f er enceosf reshetanem ahangeo SRRt 4S8 heeh NoKRe Ty fRdgn8PACtPEI m A and

the 40 ferromagnetic filmB, the magnetization cannot be_control |l ed
magnetization direction of the pinned layer can be controlled.

[0058]

In Figs. 6(a) and 6{(b), symbols "0O" are attached to
the constitution where the magnetization reversal of the
pinned layer succeeded according to the judging criterion,
while symbols "X" are attached to the constitution where the
magnetization reversal did not satisfy the judging criterion.
Accordingly, constitution attached with symbols "0~ means
constitutions capable of controlling the magnetization of the
pinned layer.

[0059]

Fig. 6{a) shows a result in which Hl was performed at
10,000 (Oe) and Fig. 6(b) shows the result where Hl was
performed at 14,000 (Oe). In this constitution., Ru 5 A/Ta 20
is used for the cap layer and the magnetic moment becomes
equal between the ferromagnetic film A and the ferromagnetic
film B when the thickness of the ferromagnetic film A is 22.0
A. In a case where the thickness of the ferromagnetic film A
is 22.0 A, that is, in a case where there is no difference of

the magnetic moments between the ferromagnetic film A and the



favorably irrespective of the nmagnitude of H1L whether it is 10,000 (QGe) or
14,000 (Ce), or irrespective of the thickness of the Ru film At the

t hi ckness of the ferromagnetic filmA of 22.5 A the nagnetization
reversal is failed irrespective of the thickness of the Ru filmin a case
where H1 is 10,000 (Ce), whereas contr succeeds where Hl is increased to
14,000 (QCe) at the thickness of the fé ronagnetlc filmA of 22.5 A and
within the range of the thickness of the Ru filmfrom3.0 Ato 4.5 A
Further, in a case where the t hi ckness of the ferromagnetic filmA s

|ncreased to 23.0 to 23.5 gnetlzatlon control does not succeed at the
Ru t hi ckneferapmagnatic r#&r%mztBe Ehghergnetizating gogneEebe GRRMEALIGGhe
magneti zati on control succeeds at any thickness of the Ru film at Hl of

14, 000 (Cefavomgbly igirespestdvecef, thagrrdnitadeo vt Fév@h%‘éheguiﬁ:e’&s at any
thlckness of the Ru filmwithin a range of 3.0 Ato 4.0 Aat the film

t hi ckness b@.9%@ (QQ%rQﬁnijn@PPc(PPPnt%Fm&??ﬁ%P%?tﬂXﬁgéffFBﬁtEﬁ?@#9$%§) 25.0
A. Further, at HlL of 14,000 (Ce), magnetization reversal succeeds at any
thi ckness of the 3&1ﬁ41ﬂﬂ\M®¢hlHeathbﬁb%ﬁ%ﬁ of ¢he ferzogagpehientiHe A

t hi ckness of the ferromagnetic filmA is within a_range from?22.5 Ato
25.0 A Comfrd?-%dks s mﬁﬂ@@éééaﬁtoanerQWﬁQﬂ<ﬂéb§aéﬂea érFﬁSP??F&YQ1 a case
where the thickness of the ferromagnetic filmA is further increased in a
range of 26fsthe higkness pfi $hesRut fiipuinm cass WherewHinisnd? t#H%kness.

of 41 the ferromagnetic film A increases excessively, since_the
(Oe), whereas control succeeds where Hl is Jncreased to 14,000

(Oe) at the thickness of the ferromagnetic film A of 22.5 A
and within the range of the thickness of the Ru film from 3.0
A to 4.5 A. Further, in a case where the thickness of the
ferromagnetic film A is increased to 23.0 to 23.5 A,
magnetization control does not succeed at the Ru thickness of
less than 4.0 A where Hl1 is 10,000 (Oe), whereas the
magnetization control succeeds at any thickness of the Ru film
at Hl of 14,000 {(Ce). -At Hl of 10,000 (Oe), magnetization
reversal succeeds at any thickness of the Ru film within a
range of 3.0 A to 4.0 A at the film thickness of the
ferromagnetic film A within a range from 24.5 A to 25.0 A.
Further, at Hl of 14,000 (Oe), magnetization reversal succeeds
at any thickness of the Ru film within a range of 3.0 A to 4.0
A when the thickness of the ferromagnetic film A is within a
range from 22.5 A to 25.0 A. Control does not succeed at any
thickness of the Ru film in a case where the thickness of the
ferromagnetic £ilm A is further increased in a range of 25.5 A

or more. This is attributable to that when the thickness of



magneti c nonent of the pinned | ayer expressed by the difference nonment
between the ferromagnetic filmA and the ferromagnetic filmB is increased
and the fixed nagnetic nonment inclines to the direction of the application
magnetic field at the second stage due to the second step application
magnetic field. [0060] The foregoing results are summari zed as the
followwng (1) to (4). (1) The magnet i #4ti on reversal of the pinned | ayer
is possible for a thinner Ru thickness and at a smaller difference in
magneti c nonent between the ferromagnetic filmA and the ferromagnetic
filmB as HLl is higher. &é) The magnetization reversal of the pinned |ayer

i s possi btke ffgricmagmetkg £ilm %hi%«#@@%@%ﬁ&@ﬁwcaﬂ%%&% (3)
The magneti zation for the pinned | ayer cannot be reversed satisfactorily in
a case whenagnéfsia mamentagficthe pipehtlaven wxpsesred PuyERe (difference in
magneti c nonment between the ferromagnetic filmA and the ferromagnetic
filmB) i&ickerawie slopenkabetweay tie farpesagnstionfdimiheand (& | ayer
cannot be reversed satisfactorily in a case where the total nmgnetic
nmoment of féerghagreticafdim B L6ecteereasedl mnghdhiec fABpenpagpRetifeen the
ferromagnetic filmA and the ferromagnetic filmB) 42 is excessively |arge
si nce the memert i zatlioes ol thesdive¢hion of the application magnetic

field at the second stage due to the second step application
magnetic field.
[0060]

The foregoing results are summarized as the following
(1) to (4).

(1) The magnetization reversal of the pinned layer is
possible for a thinner Ru thickness and at a smaller
difference in magnetic moment between the ferromagnetic film A
and the ferromagnetic film B as H1 is higher.

(2) The magnetization reversal of the pinned layer is
possible for larger Ru film thickness at an identical level Hl.

(3) The magnetization for the pinned layer cannot be
reversed satisfactorily in a case where the total magnetic
moment of the pinned layer (difference in magnetic moment
between the ferromagnetic film A and the ferromagnetic film B)
is excessively small.

(4) The magnetization of the pinned layer cannot be
reversed satisfactorily in a case where the total magnetic
moment of the pinned layer (difference in magnetic moment

between the ferromagnetic f£ilm A and the ferromagnetic f£ilm B)



direction of the second step application magnetization by the second step
magnetic field application. [0061] Itens (1) and (2) are the sane
phenonenon expressed fromdifferent viewpoints; the lower Iimt value for
the first step application magnetic field HL is determ ned by the
saturation magnetic field Hs for anti-&grron&gnetic coupling, and the
lower Iimt value for HL increases as Is thinner and Hs is higher,
whereas the lower limt value for HL increases as the Ru thicker and Hs is
| ower. Accordingly, for the same Hl, mmgnetization reversal of the pinned

| ayer is nore likely to occur at thjcker Ru since Hs.is.decreased.

Further, r&%R¥FeRFYEIN IATES) S1PFe e IR F e ABRA TS ﬁ%ﬁg'het of the
ferromagnetic filmA with |arger coercivity is larger thap.that qf the

f err onagnefiiEe¢tion pinthe SPSOPE; sSteBARRIAGAEIY H@gnﬁﬁézﬁgb%ﬁ?lig‘i “n
direction of the ferromagnetic filmA with |arger coercivity and | arger

noment | eSecerAngfap Mamedds fhAeldagPRtI@T ANt of the ferromagnetic

filmB with smaller coercivity and smaller nonent mainly changes into the
antiparal | EPO8 hte in the course of renpving the magnetic field after the
application of the first step_ mnagnetic field, the magnetic_nonent. of the
ferromagnetic fil rAtems (1 aé‘ddi(?gc?F%nttéF’prﬁ%%ﬁ:tﬂlﬁ‘?é‘of"%goﬁpﬁ’f‘?’éﬁﬁ%‘}u

magnetic field direction after the appljcation of tk;g_ first ,Etepfma&netic
43 fiel d. Fuemh@ifferent ASYRARBLE: t HRS AWt Sidl fofVacEr EPY; FYS 11T

step application magnetic field Hl is determined by the
saturation magnetic field Hs for anti-ferromagnetic coupling,
and the lower limit value for Hl increases as Ru is thinner
and Hs is higher, whereas the lower limit value for H1
increases as the Ru thicker and Hs is lower. Accordingly, for
the same H1l, magnetization reversal of the pinned layer is
more likely to occur at thicker Ru since Hs is decreased.
Further, referring to item (3), in a case where the magnetic
moment of the ferromagnetic film A with larger coercivity is
larger than that of the ferromagnetic film B with smaller
coercivity, since the magnetization direction of the
ferromagnetic film A with larger coercivity and larger moment
less changes, whereas the magnetic moment of the ferromagnetic
film B with smaller coercivity and smaller moment mainly
changes into the antiparallel state in the course of removing
the magnetic field after the application of the first step
magnetic field, the magnetic moment of the ferromagnetic film
A is in a direction approaching the application magnetic field

direction after the application of the first step magnetic



bet ween the ferromagnetic filmA and the ferromagnetic filmB increases,
since the change of direction of the nmagnetic nonent of the ferronmagnetic
filmA decreases in the course of renoving the nmagnetic field after the
application of the first step magnetic field, nagnetization reversal is
succeeded even when the difference of the magnetic nonment between the
ferromagnetic filmA and the ferronagné%ic filmB (total magnetic nonent
of the pinned layer) is small. Item (4) occurs since the nagnetic nonent
of the ferromagnetic filmA tends to be in the direction of applying the
second steE magnetic field unless the total npnent of th i nned l.ayer is
restrict edfield- cdiurhhetsafified FRBSYSTR e &dSERGCRERH BE ‘g‘é‘as%?’r

mat hematically as below. DA is a thickness for the ferromagnetic film A,
DAO is a beteeerstheffemreomagpesiaghblt A ArdntRenteRTPRaINGHHEt ')cl'?nﬁrent
of the ferromagnetic filmB and the magnetic nonent of the ferromagnetic
filmA arelpgredasesd TEncs thedchange ok ghisteglior ofosBs) MRENRYIL (fornul a
1) A (DA - DAO /DAOC A2 (fornula 2). Al = Al (HcA) (fornula %%

Accor di ngl pomemt yof drhe FermegagnetEentHr IhlaceRses, 1P hEPFagNREFZ AT on of

the pinned layer, in viewof fornula 1, 44 it may preferred_to de req:se Hs
by increasrqgoyingtthﬂmﬂgﬂgt@p field after the application of the firs

step magnetic field, magnetization reversal is succeeded even
when the difference of the magnetic moment between the
ferromagnetic £film A and the fefromagnetic film B (total
magnetic moment of the pinned layer) is small. TItem (4)
occurs since the magnetic moment of the ferromagnetic film A
tends to be in the direction of applying the second step
magnetic field unless the total moment of the pinned layer is
restricted to a certain value.

[0062]

The foregoing can be described mathematically as below.
DA is a thickness for the ferromagnetic film A, DAO is a
thickness of the ferromagnetic film A when the magnetic moment
of the ferromagnetic film B and the magnetic moment of the

ferromagnetic film A are equal and C, Al and A2 are constants.

[C063]
H1 £ C - Hs (formula 1)
Al = (DA - DA0)/DA0 = A2 (formula 2)
Al = Al (Hca) {formula 3)

Accordingly, only considering the controllability for

the magnetization of the pinned layer, in view of formula 1,




Ru so as to nake it easier to satisfy formula 1 and increase to sone
extent the total nagnetic nonent of the pinned |layer to an appropriate
~value by increasing the thickness of the ferromagnetic filmA in a proper
range to satisfy formula 2. However, since the durability of the pinned

| ayer to the external magnetic field is |owered as the total magnetic
nonment of the pinned | ayer is |arger, ft is desirable, to avoid this, to

i ncrease Hs by naking the value for Ru as close as 3.5 A and neking the

t hi ckness of the ferromagnetic filmA identical with a value to reduce the

di fference of magnetic nonment to zero_between the_ferrgnagggtﬁc filmB and
ferr omagneit omay | preferradidie 46cpeasepiie PPAnFIRasing LhEe B REE ¥ . For

this purpose, it is necessary to increase the applicationnagnetic field
HL at the Rirse &% ek ke git £3sipEsEPpPatIFY ofé’crﬁ%’&?etlAPngsl HBFPS%s

possi ble. To increase Hl, it is only needed to prepare a,magaeiic field
appl i cati oho $ome|extentgds éoﬁﬁlaBﬁH9FﬁhcI@R%ﬁ?ﬁﬂ&&géchpFPB TBTY her,

to make Al smaller, it is desirable to increase the coercivit A of the
ferronagnetbcamiammronﬁiﬁﬁﬁHVQ%ﬁepégsFBPEG?%ﬂmﬁﬁgm*FW@cﬁpF?§r8¥cE felative
to the coercivity HcB of the ferromagnetic filmB as |arge as possible.
[0064] Thefierromagretbt fHan dedd 8 BFOPRE SaRIE diQ oﬁ?‘a’r&éh’e%%’“‘l Pefd (Hs)

of anti-ferromagnetic coupling shown in Fig. 3(b) 45 and fornula 1, it has
been foundHowaeven. detheedthesiirabiadstgeof the pinned layer to the

external magnetic field is lowered as the total magnetic
moment of the pinned layer is larger, it is desirable, to
avoid this, to increase Hs by making the value for Ru as close
as 3.5 A, and making the thickness of the ferromagnetic f£ilm A
jdentical with a value to reduce the difference of magnetic
moment fo zero between the ferromagnetic film B and
ferromagnetic film A as much as possible {22.0 A in a case of
Fig. 6). For this purpose, it is necessary to increase the
application magnetic field Hl at the first step as high as
possible and decrease Al as small as possible. To increase Hl,
it is only needed to prepare a magnetic field application
facility capable of applying large magnetic field. Further,
to make Al smaller, it is desirable to increase the coercivity
Hc A of the ferromagnetic film A as much as possible to make
the difference relative to the coercivity HcB of the
ferromagnetic film B as large as possible.
[0064]

Then, In view of the result of the saturation magnetic

field (Hs) of anti-ferromagnetic coupling shown in Fig. 3(b)



obt ai ned at | east based on: C =0.4 = (H : 14,000/Hs : 35,000) Further, in
this enbodinent, it is calculated in view of the result shown in Fig. 6(b)
and formula 2 as: Al = 0.0227 (- (22.5 - 22.0)/22.0) A2 = 0.136 (- (25.0 -
22.0)/22.0) (00651 Further, if: HcA Z 200 (Ce) (fornula 4) then, Al can be
decreased to 2.3%or less as; Al S 0.0227 (fornmula 5) Referring to the
previ ous exanple, the nagnetization of P he pi nned | ayer can be reversed

al so possible by setting the thickness of the ferromagnetic filmA to 22.5
A relative to the thickness of the ferronmagnetic fiIn1A of 22.0 A at which

the magnetic nonent in the pinned layer is reduced to Q. 8. 7 shows
transfer candefovimeia the itthih@snbggnoforpd thak raor‘li&@ﬁé'ﬂich? Ht A°3% Réhanged.

It can be seen that no hysteresis is observed for the waveformin the
constltutlghtahneQWﬁtﬁﬂQaﬁi1b§ﬁﬁ§nﬁgﬂet|c filmthickness Ais 22.5 A and

whi ch satisfies necessary condition as a pinned Iayer havi ng hi gh
stability to the nBgret4 = f(HY d &f.8P0/Bast IDAPY0) in the magnetization

direction of the pinned |ayer. [0066] 46 Further, the second step nagnetic
field appl Foathen, in this embodiment, it 1is calculated in view of the

result shown in Fig. 6(b) and formula 2 as:

Al = 0.0227 (= (22.5 - 22.0)/22.0)

A2 = 0.136 (= (25.0 - 22.0)/22.0)
[0065]

Further, if:

HcA = 200 (Oe) (formula 4)
then, Al can be decreased to 2.3% or less as:

Al = 0.0227 (formula 5)
Referring to the previous example, the magnetization of the
pinned layer can be reversed also possible by setting the
thickness of the ferromagnetic film A to 22.5 A relative to
the thickness of the ferromagnetic film A of 22.0 A at which
the magnetic moment in the pinned layer is reduced to 0. Fig.
7 shows transfer curves when the thickness of the
ferromagnetic film A is changed. It can be seen that no
hysteresis is observed for the waveform in the constitution in
which the ferromagnetic f£ilm thickness A is 22.5 A and which
satisfies necessary condition as a pinned layer having high
stability to the magnetic field of at least 1000 {(Oe) in the
magnetization direction of the pinned layer.

[0066]



(H2) is perfornmed in order to allow the magnetic nonent of the
ferromagnetic filmA directed to the vicinity of the application direction
to approach the direction of the first step application magnetic field. As
descri bed above, since the magnetic nonent is substantially equal between
the ferromagnetic filmA and the ferromagnetic filmB (difference of
about 10%, when the second step magnettfc field is applied, for exanple,

at about 10 kCe, the angle forned between the nagnetic nonents of the
ferromagnetic filns A and B decreases to less than 180c fromthe
antiparallel state and the synthesis nonent rotates in the direction of
the applied magnefurtHeml dheWseaonfies bgplnagheatdgndtiied df apbdicstiemopved
fromthe state, the magnetic nonents of the ferromagnetic filnms A and B
are arrang¢H2 anis peerfidradedniiinh ogdeln bbb hellown tthee magine¢di mopmeobsefirntheanl |y
perpendi cular to the applied magnetic field. Wiat is inportant in this
process i sféehpimadrestcid £inm A digectedf o ertoe vicimieymagnehec nonent s
between the ferromagnetic filmA and ferromagnetic filmB and that the
magnet i ¢ mapprication E dexytiomagoehpprdadirsthe arnidedtdon ot thdefirtted
extrenely fromthe direction perpendicular to the magnetic field by

excessi vel ¥t b CaSebi dir ildie nigpleit@d FREDE! | As fdedlatibdd) abdhies ssndecause
both of the nonents are not brought into a state perpendicular to the

appl i ed nagREths&gndt Bt Ghonldrr ilse@uvkognt el IIAGRRIEIC Heit@ledni thehe di fference

47 between the magnetic nonents is large. Further, this is
ferromagnetic f£ilm A and the ferromagnetic film B (difference
of about 10%), when the second step magnetic field is applied,
for example, at about 10 kOe, the angle formed between the
magnetic moments of the ferromagnetic films A and B decreases
to less than 180 from the antiparallel state and the
synthesis moment rotates in the direction of the applied
magnetic field. When the applied magnetic field is removed
from the state, the magnetic moments of the ferromagnetic
films A and B are arranged antiparallel with each other in the
direction substantially perpendicular to the applied magnetic
field. What is important in this process is that there is no
large difference in the magnetic moments between the
ferromagnetic £ilm A and ferromagnetic film B and that the
magnetic moments of the ferromagnetic films A and B are not
deviated extremely from the direction perpendicular to the
magnetic field by excessively increasing the applied magnetic
field (H2). This is because both of the moments are not

brought into a state perpendicular to the applied magnetic

field after removing the magnetic field if the difference



because the ferromagnetic film A deviates greatly fromthe direction
perpendi cular to the applied magnetic field during applications and cannot
return to the direction perpendicular to the applied magnetizati on even
after renoving the magnetic field because of |arge coercivity of A when
the applied magnetic field is increased excessively. It is desirable that
the upper linmt of H2 is 35%or |less off7Hs. [0067] Further, another
function of the second step nagnetic field application is for the
magneti zi ng treatment of permanent magnet filns adjacent to the

magnet oresi stive sensor film(treatnment of directing the magnetic nonent
to the dipbetwéen tiie tnegmregremomehiel ils apgotgec.at iFmthesccbhasngsy, it s
necessary that H2 is larger than at |east the coercivity He of the

per manent bagaese tlherfdmromadieltdas fhlbeAideviates greanilggframgehe [ 0068] He
SH S0.35 Hs (forrmula 6) (Enbodinment 2) Fig. 8 shows a concrete

constituti anreétfor epekmaEi@iul aac ¢or dhagappl st magnetticodigbat dafiridie
present invention. A descriptionis to be made with reference to the

constituti gpplotatichs Gamhdtdnnetdetaulrs tdetlmofdinddtiba despendbculater. A
48 spin valve film18 has a first ferromagnetic filmwhich tends to
response rebath¥ehypEisd InadrettiRativgnevés df1d removing the magnetic

field because of large coercivity of A when the applied

magnetic field is increased excessively. It is desirable that

the upper limit of H2 is 35% or less of Hs.

[0067]

Further, another function of the second step magnetic
field application is for the magnetizing treatment of
permanent magnet films adjacent to the magnetoresistive sensor
film (treatment of directing the magnetic moment to the
direction of the magnetic field application). Accordingly, it
is necessary that H2 is larger than at least the coercivity Hc
of the permanent magnet. Therefor, H2 has to be in the

following range.

[0068]

IA

He H2 = 0.35 Hs {formula 6)

{Embodiment 2)

Fig. 8 shows a concrete constitution of a read sensor
according to another embodiment of the present invention. A
description is to be made with reference to the constitution

of Fig. 8 and the details thereof will be described later. A



(hereinafter referred to as a free |ayer, which corresponds to, for
exanpl e, CoFe film44 and a permalloy film45), a second ferromagnetic
filmwhich less tends to response relatively to the magnetic field
(hereinafter referred to as a pinned |layer, which corresponds to a stacked
pi nned | ayer 50) and a conductive non-nmagnetic spacer filmtherebetween
(for exanple, <corresponding to s Cu f#m43). Further it has an underl ayer
42 bel ow the pinned layer for controlling the crystal formto increase the
resi stance change. Further, it has a cap layer (for exanple, correspondi ng
to a Ta cap 46) above the free |ayer constituted of the CoFe film 44 and
t he per mal $pyn fvakwer£ilmd@ohapnat hiss enkrirnaanetise fdlBcwbichi HnAF | ayer
50 using, for exanple, two ferromagnetic filns (for exangle,
cor r espondtagrespende medipdgivelyceas iy AL S)e mmgnedicofdghdtic filmB
(54)) and anti-ferromagnetic coupling film (for exanple, corresponding to
the Ru fil th&oyimafwserafesredr ktonagnet fxee fiayer.( ¥highdceayesponrdr §51.nned
| ayer 50 gives a constitution that functions as a spin valve type witing
head for uSeriexampie mdpie ifd1lmeddr dhdga apparalley. TTANS4bdnsei seEonth i s
simlar to Enbodinent 1 also in that it has no exchange coupling film
adj acent tPetihemagmeleict [fayer whllchThess i seri®s did fresponser oalahevelpdd? nent
in that the pinned |ayer 50 situates below in view of the direction of the
axi s Z (thsaheimagnetic field (hereinafter referred to as a pinned layer,

which corresponds to a stacked pinned layer 50) and a

conductive non-magnetic spacer film therebetween (for example,

corresponding to s Cu film 43). Further it has an underlayer

42 below the pinned layer for controlling the crystal form to

increase the resistance change. Further, it has a cap layer

(for example, corresponding to a Ta cap 46} above the free

layer constituted of the CoFe film 44 and the permalloy film

45.

[0069]

In this embodiment, the stacked pinned layer 50 using,

for example, two ferromagnetic films (for example,

corresponding to a ferromagnetic film A (52) and ferromagnetic

film B (54)) and anti-ferromagnetic coupling film (for example,

corresponding to the Ru £ilm 53) between the ferromagnetic

films (52 and 54) as the pinned layer 50 gives a constitution

that functions as a spin valve type writing head for use in

the magnetic recording apparatus. This constitution is

similar to Embodiment 1 also in that it has no exchange

coupling film adjacent to the pinned layer 50. This is



the pinned layer 50 is stacked below the free |layer (bottom spin valve
type nmagnetic head) and in that it has a buffer I|ayer 47 for the
under| ayer 42. 10070] The value of the coercivity of the ferromagnetic film
A or B formng the pinned | ayer varies greatly depending on the type of
t he adj acent underlayer. To investigate the optinmal underlayer, the
dependence of the coercivity of the féPromagnetic film CoFe on the Fe
conposition was exam ned while varying the constitution of the underl ayer.
For the constitution of the underlayer 42, (NiFeC 42 AARu 4.5 A buffer
| ayer (47)) was used. [0071] For the buffer layer 47, the follow ng four
types wer edigfareniedronotthengmbodanent it Hhed fhes pinpedeldyeigdNi Fe 5 A Z
Cu 10 AO NFe 5 AACu 10 A The constitution of the spin valve filmin this
enmbodi ment siwuaises wdw énowiewnof hile clisectiionerdnthe axbs % ol hatods.
between the coercivity of a bottomtype pinned |ayer and a buffer |ayer, a
filmto betlke ppirmesi [layer 58 lsedtackehed30wW the Faxper lagexhdvettion t he
following constitution. Constitution of an actual bottom spin valve type
magneti c hgsth valve type magnetic head} and in that it has a buffer

layer 47 for the underlayer 42.

[0070]

The value of the coercivity of the ferromagnetic film

A or B forming the pinned layer varies greatly depending on

the type of the adjacent underlayer. To investigate the

optimal underlayer, the dependence of the coercivity of the

ferromagnetic film CoFe on the Fe composition was examined

while varying the constitution of the underlayer. For the

constitution of the underlayer 42, (NiFeCr 42 A/Ru 4.5

A/buffer layer (47)) was used.

[0071]

For the buffer layer 47, the following four types were

examined.

@ Nothing at all (with no buffer layer)
NiFe 5 A

Cu 10 A

® 0 0

NiFe 5 A/Cu 10 A

The constitution of the spin valve film in this
embodiment is as shown below. In this case, to examine the
relation between the coercivity of a bottom type pinned layer

and a buffer layer, a film to be a pinned layer is used as the



s to be described later. d ass substrate/CL/ Underl ayer: N FeCr 42 A/Ru

[ o]
4.5 A buffer layer/ Free |layer: Co-X at% Fe 20 A/ Non-nmagneti c spacer
film Cu 19.5 A/ Pinned layer: [Co 10% Fe 25/Ru 3.5 A/Co 50% Fe 23.5 A]/
Cap: Ta 20 Aln this constitution, [Co 10% Fe 25/Ru 3.5 A/Co 50% Fe 23.5
Al is a pinned |ayer and Co-X at% Fe 20 Ais a free layer, and the
coercivity of the Co-X at% Fe | ayer as5¢he free | ayer on the underlayer 42
was investigated. The result is shown in Fig. 10. The coercivity increases
along with increase of the Fe conposition when any of the buffer layers is
used. Then, the coercivity He increases outstandi r_lgl%_from Fe 40 at % and,
for exanpl Ere@tl@Een@spisEownhanctbe cFoligwing moestdtysdoPe) in the cases
where the buffer layer is not present, where the buffer layer is NNFe 5 A
and where €prsbifdiion pfean gcNnpd Bot oL Nalygd tvpef naghebie head he
ferromagnetic filmA constituting the pinned | ayer. However, in the case
wher e t he ibutd epe |damaribedndetpresent, there is a problemthat the MR
ratio is low Considering this, a constitution is preferable in whi'ch the
buffer | ayélass shlsposde/Eh/t he underl ayer (N FeCr/Ru), and use of the
buffer layer of NiFe is optimal in 51 this enbodinent. Further, in a case
where Cu 10ndeibaymed NidleCrt hé ByRfied . § ayBruffiere layendi vity of Co 50 ate Fe
i s about 100
Free layer: Co-X at% Fe 20 A/
Non-magnetic spacer film: Cu 19.5 A/
Pinned layer: [Co 10% Fe 25/Ru 3.5 A/Co 50% Fe 23.5 Al/
Cap: Ta 20 A

In this constitution, [Co 10% Fe 25/Ru 3.5 A/Co 50% Fe
23.5 A] is a pinned layer and Co-X at% Fe 20 A is a free layer,
and the coercivity of the Co-X at% Fe layer as the free layer
on the underlayer 42 was investigated. The result is shown in
Fig. 10. The coercivity increases along with increase of the
Fe composition when any of the buffer layers is used. Then,
the coercivity Hc increases outstandingly from Fe 40 at% and,
for example, at Fe 50 at%, the coercivity is 250 to 300 (Oe)
in the cases where the buffer layer is not present, where the
buffer layer is NiFe 5 A and where the buffer layer is NiFe 5
A/cu 10 A, and it functions as the ferromagnetic film A
constituting the pinned layer. However, in the case where the
buffer layer is not present, there is a problem that the MR
ratio is low. Considering this, a constitution is preferable

in which the buffer layer is disposed on the underlayer

{NiFeCr/Ru), and use of the buffer layer of NiFe is optimal in



(Ce) and it has been found that this does not function well as the
ferromagnetic filmA constituting the pinned layer. [0072] Fig. 11 shows a
result of exam ning the dependence of the coercivity CoX at% Fe | ayer on
the Fe conposition in a case of using NiFeCr/N Fe/ Pt Mh for the underl ayer
42. The constitution of the spin valve filmis as described below. @ ass
substrate/ CL/ Underl ayer; N FeCr 32 ANRIFe 8 APtV 30 A/ Free | ayer: CoX
at* Fe/ Non-nmagnetic spacer film Cu 19.5 A/ Pinned layer: [Co 10% Fe 25/ Ru
3.5 A/Co 50% Fe 23.5 A]/ Cap : Ta 20 Aln Fig. 11, coercivity is mninmm
at 10 to 20 at% Fe _and the_coercivity is maxi num at 60 _at % Fe_ coposi ti on.
However, tHelsreSbRAMEAL e FYCiber( ob), 2 FSe WheTexEusiPvR| 35 I£9%s t he
ferromagnetic filmA constituting the pinned |ayer. Then, the Fe

conposi ti obhewkuffsiedanerso theosapsciet i G SOnatufeets| a1t Pleen
PtMh and Co 60 at% Fe. Ru, Cu, A, and N FeCr_ were used as the materi al
for the buf®e}l andyidi hasdbegayfaure thalitfds Woese nekafynagiemerstd @s

t hi ckness. The constitution of the spin valve filmis as shown bel ow.
d ass substhetfsogmEmetrige fidped : copseiutdingytiereignad pifeBo A/ buffer
| ayer (n Ru, Cu, A, N FeC)/
[0072]
Fig. 11 shows a result of examining the dependence of
the coercivity CoX at% Fe layer on the Fe composition in a
case of using NiFeCr/NiFe/PtMn for the underlayer 42. The
constitution of the spin valve film is as described below.
Glass substrate/CL/
Underlayer: NiFeCr 32 A/NiFe 8 A/PtMn 30 A/
Free layer: CoX at% Fe/
Non-magnetic spacer film: Cu 19.5 A/
Pinned layer: [Co 10% Fe 25/Ru 3.5 A/Co 50% Fe 23.5 A}/
Cap: Ta 20 A
In Fig. 11, coercivity is minimum at 10 to 20 at% Fe
and the coercivity is maximum at 60 at% Fe composition.
However, the maximum value is 120 (Oe), which is excessively
small as the ferromagnetic f£film A constituting the pinned
layer. Then, the Fe composition was fixed at 60 at3 and
studied as the buffer layer between PtMn and Co 60 at% Fe. Ru,
Cu, Al, and NiFeCr were used as the material for the buffer
layer and they were examined while changing the film thickness.

The constitution of the spin valve film is as shown below.

Glass substrate/CL/



Free layer: Co 60 at% Fe 20 A/ Non-magnetic spacer film Cu 19.5 A/ Pinned
layer: Co 10 at% Fe 25/Ru 3.5 A/Co 60 at% Fe 23.5 A/ Cap: Ta 20 A In the
spin valve filmdescribed above, the thickness of the buffer |ayer was
changed fromO to 15 A. Fig. 12 shows the result. In a case of using Ru or
Cu for the buffer layer, the coercivity of the Co 60 at% Fe |ayer thereon
was increased up to 200 (Ce). It was &Pso found that 5 A or nore thickness
may suffice for the buffer layer. Further, in a case of using Al or N FeC
for the buffer layer, it was found that since the coercivity of the Co 60
at % Fe | ayer thereon was decreased, Al or NiFeCr is not suitable as the
buf fer | ayendefy&d]: NiFeCew3pfAMiFd dr dgfFitg, 3anA¢kafifée bivemn (el &went
constitution for a bottom spin valve type magnetic head in this enbodi nent
i s shown bakowl ANaFecxyhstrate/ CL/ Underl ayer: NiFeCr 42 A/Ru 4.5 A/INi Fe 5
A (buffer layer)/ Pinned |ayer: Co 50% Fe XA/Ru 3.5 A/ Co 10% Fe 25 A/

Non- magnety€ed MRGRIT f idome0Cdt$9r& 2¢ Hree layer: CoFe 20 A/ Metal |ayer:

Cu 8 AV, 53 Insulative layer: Al 10 A/ Poxy/ Cap: Ta 20 A
Non-magnetic spacer film: Cu 19.5 A/
Pinned layer: Co 10 at% Fe 25/Ru 3.5 A/Co 60 at% Fe 23.5 A/
Cap: Ta 20 A

In the spin valve film described above, the thickness
of the buffer layer was changed from 0 to 15 A. Fig. 12 shows
the result. In a case of using Ru or Cu for the buffer layer,
the coercivity of the Co 60 at% Fe layer thereon was increased
up to 200 (Oe). It was also found that 5 A or more thickness
may suffice for the buffer layer. Further, in a case of using
Al or NiFeCr for the buffer layer, it was found that since the
coercivity of the Co 60 at¥ Fe layer thereon was decreased, Al
or NiFeCr is not suitable as the buffer layer.

[0073]

In view of the foregoing, an example of an element
constitution for a bottom spin valve type magnetic head in
this embodiment is shown below.

Glass substrate/CL/

Underlayer: NiFeCr 42 A/Ru 4.5 A/NiFe 5 A (buffer layer)/
pPinned layer: Co 50% Fe XA/Ru 3.5 A/Co 10% Fe 25 A/
Non-magnetic spacer film: Cu 19.5 A/

Free layer: CoFe 20 A/

Metal layer: Cu 8 A/



Fig. 21 shows graphs of transfer curves when the thickness X of the
ferromagnetic filmA was set to from18 to 28 A and the external nagnetic
field was changed in a range of 1000 (Ce) or 2000 (Ce) for the
constitution described above. At the thickness of Co 50% Fe | ayer of 19 A
the difference in the magnetic nonents between the ferromagnetic filmA
and the ferromagnetic filmB is zero,5ho hysteresis is caused in a range
of X from19 to 22 A at the nmeasuring nagnetic field of 1000 (Ce) and
sufficient magnetic field endurance can be obtained. In a case where X is
20 to 22 A, the magnetic nonent of the pinned | ayer can be controlled by
the two sthpsulsgivet ilagkeirenAeldaoll/Boopt/ai ned i n Enbodi nent 1. Further, at

t he neasuring magnetic field of the external magnetic field of 2000 (Ce),
no hysteresap: iTa @uded in a range of X near 20 A, and sufficient magnetic
field durability can be obtained. Then, in a case where X is in a range
near 20 A, the nagnei.i 1 sR6RBl gdhphd it fleayenrcas Weeroitig ol | ed by
the two-step magnetization nethod described in Enbodinent 1 as well.

[0074] PoxyhiaisssPhaora thsl datenagiet i FEQnf Acabky se fetdISErom tigeaionent  of
exposing alumnumin a m xed gas plasma of argon and oxygen and oxi di zi ng

al um num 39 Ynd4HeErRedraant magné i rHicdid waks changdd 2in tderarmepesi ti on
for CoFe is

1000 {(Oe) or 2000 (Oe) for the constitution described above.
At the thickness of Co 50% Fe layer of 19 A, the difference in
the magnetic moments between the ferromagnetic film A and the
ferromagnetic film B is zero, no hysteresis is caused in a
range of X from 19 to 22 A at the measuring magnetic field of
1000 (Oe) and sufficient magnetic field endurance can be
obtained. 1In a case where X is 20 to 22 A, the magnetic
moment of the pinned layer can be controlled by the two step
magnetization method explained in Embodiment 1. Further, at
the measuring magnetic field of the external magnetic field of
2000 (Oe), no hysteresis is caused in a range of X near 20 A,
and sufficient magnetic field durability can be obtained.
Then, in a case where X is in a range near 20 A, the magnetic
moment of the pinned layer can be controlled by the two-step
magnetization method described in Embodiment 1 as well.
[0074]

Poxy means plasma oxidation and, specifically, means a
treatment of exposing aluminum in a mixed gas plasma of argon

and oxygen and oxidizing aluminum.

[0075]



optimzed in order to increase the coercivity of the ferromagnetic film
and there is another nethod of adding an additive elenment to Co or CoFe.
El ements to be added include those such as Cr and V. [0076] (Enbodi nent
4) In Enbodinents | to 3, descriptions have been nade of preferred
constitutions for the pinned |ayer constituting the spin valve type sensor
films (top type, bottomtype) but Enbédinments 1 to 3 are applicable also
to a magnetic head having a dual type spin valve sensor film [0077] Fig.
17 shows a constitution of a magnetic head having a dual type spin valve
sensor film A first pinned |ayer 110 conprises a ferromagnetic filmA
(114) and gedssdimapned)ic filmB (112) with an anti-ferromagnetic coupling
film113 being interposed between, and a second pinned |ayer 130
conprises a ferronagEiodiehsAl (434)2 anthed dompositgant for Cofeni (132)
with an anti-ferromagnetic coupling film 133 being interposed

t her ebet wvegptis Fé@ein Merl4d ifictessedthdeaiosenvtig bEr shepi nned | ayer
110 and the second pinned | ayer 130 by way of non-magnetic spacers 102 and

103. Ref er gggfomariBy @ Tilk6, ahd7thdsd B chrkithedemethodi vEcaddisg dn t he 55
magneti c nonents of the respective ferromagnetic filnms of the first pinned

layer 110 384t H¢e SEcamhtPitoned bayesrd 30.ElEients to be added include
those such as Cr and V.
[0076]
(Embodiment 4)

In Embodiments 1 to 3, descriptions have been made of
preferred constitutions for the pinned layer constituting the
spin valve-type sensor films (top type, bottom type} but
Embodiments 1 to 3 are applicable also to a magnetic head
having a dual type spin valve sensor film.

[0077]

Fig. 17 shows a constitution of a magnetic head having
a dual type spin valve sensor film. A first pinned layer 110
comprises a ferromagnetic film A (114) and a ferromagnetic
film B (112) with an anti-ferromagnetic coupling film 113
being interposed between, and a second pinned layer 130
comprises a ferromagnetic film A (134) and a ferromagnetic
film B (132) with an anti-ferromagnetic coupling film 133
being interposed therebetween. A free layer 140 is formed
between the first pinned layer 110 and the second pinned layer
130 by way of non-magnetic spacers 102 and 103. Reference

numerals 116, 117, 137 and 138 denote directions of the



foregoi ng constitution of the spin valve filmis forned by way of an
under |l ayer 135 formed on the substrate 101, and a cap |ayer 106 is forned
above the spin valve film Further, the wunderlayer 135 may al so be of a
constitution having the buffer |ayer 136 shown in Enbodi nent 2. Permanent
magnet underlayers 120, 121, permanent nmagnet filnms 122, 123 and

el ectrodes 124 and 125 are forned on ghe right and left of the spin valve
film [00781 In this enbodinment, the following is formed as a GWR | ayer.
Substrate/ Underlayer: N FeCr 42 A/Ru 4.5 A’N Fe 5 A/ Second pinned | ayer:
Co 50% Fe 21 A/Ru 3.5 A/Co 10% Fe 25 A/ Non-nmagnetic spacer film Cu 19.5

A Free | aygine i fomentsNoEetde A4 HrelNferMonagnetet i £iBpacer thd m Cu
19.5 At First pinned layer: Co 10% Fe 25 A/Ru 3.5 A/Co 50% Fe 23 A/ Cap:

Ru 5/ Ta 20 A& S dded Naydeal 15YR8a SEid scdlort piihedessyébei@bovine
magneti c properties of high stability for the external nmagnetic field

(1000 (Cb)f§%e€§§&§ SRR tReueRbA! HEdhéNdhith vEAgRekktmheadf et entwayn t he

controllabrTit or the 56 direction of the nagnetic nonent in the pinned

layer can pe ,atiaidiedyeby 198! E8hndatdhe i GumReshteonod! &fe 4 esapnagnetic
layer 106 is formed above the spin valve film. Further, the
underlayer 135 may also be of a constitution having the buffer
layer 136 shown in Embodiment 2. Permanent magnet underlayers

120, 121, permanent magnet films 122, 123 and electrodes 124

and 125 are formed on the right and left of the spin valve

film.
[0078]
In this embodiment, the following is formed as a GMR
layer.
Substrate/

Underlayer: NiFeCr 42 A/Ru 4.5 A/NiFe 5 A/
Second pinned layer: Co 50% Fe 21 A/Ru 3.5 A/Co 10% Fe 25 A/
Non-magnetic spacer f£ilm: Cu 19.5 A/
Free layer: CoFe 5 A/NiFe 15 A/CoFe 5 A/
Non-magnetic spacer film: Cu 19.5 A/
First pinned layer: Co 10% Fe 25 A/Ru 3.5 A/Co 50% Fe 23 A/
Cap: Ru 5/Ta 20 A

Also in the dual type spin valve film described above,
magnetic properties of high stability for the external
magnetic field (1000 (Oe) or more) can be obtained, and a

magnetic head excellent in the controllability for the



filmA in arange from40 at%to 80 at% and defining the Fe conposition of
the ferromagnetic filmB in a range from0O at% to 20 at% for the first

pi nned | ayer and the second pinned |ayer. 10079] Further, Enbodinents 1 to
3 can be used for a magnetic tunnel junction type sensor filmhaving a
pinned layer and a free layer in mhicg a sense current flows in the
direction perpendicular to the films ?face, or CPP type sensor film
having a pinned |layer and a free layer in which a sense current flows in
the direction perpendicular to the film surface. The schematic view of the

sensor 1Bl ng hapiPic SBREl MRS BEpIE Mot 3, TR o,
PUDPLY100. 2S00 Uit e Bnb N L OB ULIL | Mt
O e S S SRR LRI L VR Sy F AR e, o
P e e e 8 e ket R B e
to 20 at% for the first pinned layer and the second pinned
layer.
[0079]
Further, Embodiments 1 to 3 can be used for a magnetic
tunnel junction type sensor film having a pinned layer and a
free layer in which a sense current flows in the direction
perpendicular to the film surface, or CPP type sensor £film
having a pihned layer and a free layer in which a sense
current flows in the direction perpendicular to the film
surface. The schematic view of the sensor film is shown in
Fig. 18.
[0080]
Reference numeral 203 is a TMR film or CPP-GMR film
and comprises electrode and magnetic shields 201, 202
supplying a sense current to the TMR film or CPP-GMR film,
insulative layers 206, 207, and permanent magnet films 204,
205. Respective embodiments are shown below
(Constitution Example of CPP-GMR film}
Lower shield/contact layer/

Underlayer: NiFeCr 42 A/Ru 4.5 A/NiFe 5 A/

Second pinned layer: Co 50% Fe 21 A/Ru 3.5 A/Co 10% Fe 25 A/




Non- magnetic spacer film Cu 19.5 A/ First pinned layer: Co 10% Fe 25 A/Ru
3.5 AVCo 50% Fe 23 A/ Cap: Ru 10A Contact |ayer/upper shield

(Constitution Exanple of TMR film Lower shield/contact |ayer/ Underl ayer:
Ni FeCr 42 A/Ru 4.5 AN Fe 5 A/ Second pinned |ayer: Co 50% Fe 21 A/Ru 3.5
Al Co 10% Fe 25 At Insulative |ayer: A# oxide layer 7 Al Free layer: CoFe 5
AINiFe 15 A Cap: Ru 20A/ Contact |aye 7upper shield Also in the CPP-GWR
head and TMR head, a magnetic head capabl e of obtaining nagnetic
properties of high stability for the external nagnetic field (1000 (0Oe) or

nore) and excellent . in_the_ cantrol id i in the direction of the
magneti c rﬁ%’ﬂagq%ﬁché;pﬁfﬁﬁegl#rgyeéggiadn' éﬁ/lobt ai ned by defining the Fe

conpositi for the f onmag Lg f i range from40 at%to 80 at%
and the F&%W%‘o?#&?gt ﬁzh%g?r%%ﬁe({&c% ?‘?I mAin arange fromO0 at%

to 20 at%jn the first pinned,..laye e, second pinned layer. In
parti cul arl?or?'ﬁnqwt@fsé%ﬁthglh'ﬁP é‘ig@j'séenmgor film when it has a pinned

Prih | ayerFHE: FOpER ARYeracre: 10T P dbody i Yordd e PP M ner
| ayers, th((:aal;t):hié:&nleosz\s of the PtMh | ayer is

Contact layer/upper shield
(Constitution Example of TMR film)
Lower shield/contact layer/
Underlayer: NiFeCr 42 A/Ru 4.5 A/NiFe 5 A/
Second pinned layer: Co 50% Fe 21 A/Ru 3.5 A/Co 10% Fe 25 A/
Insulative layer: Al oxide layer 7 A/
Free layer: CoFe 5 A/NiFe 15 A
Cap: Ru 204/
Contact layer/upper shield

Also in the CPP-GMR head and TMR head, a magnetic head
capable of obtaining magnetic properties of high stability for
the external magnetic field (1000 (Oe)} or more)} and excellent
in the controllability in the direction of the magnetic moment
in the pinned layer can be obtained by defining the Fe
composition for the ferromagnetic film A in a range from 40
at% to 80 at% and the Fe composition for the ferromagnetic
film A in a range from ¢ at% to 20 at% in the first pinned
layer and the second pinned layer. In particular, in the case

of the CPP type sensor film, when it has a pinned layer

adjacent to an existent exchange bias layer of PtMn, since the




substantially equal with other layers and current flows through the Ptih

| ayer and other layers in series, the anobunt of heat generated by current
in the Pth layer is about 10 tines the anount of heat generation of other
| ayers thereby resulting in a problemthat heat is nore generated in the
Pt Mh | ayer, so that the sense currentnégnnot be increased. In a case of
using the pinned |ayer of this enbodi t, it is no nore necessary for the
| ayer such as made of Ptivh with high specific resistivity and the anount
of heat generation can be decreased to about 1/10. Accordingly, since the

st ng. Pt PS8 TREEEIRR L beed s RRRER T i O Moy BRReq e R
et on BE SEAEY e af S lend ShigEhe oL LARAMARK Alelneeh! BooT!

i nvention e Fovi'de a negnet oresistrve  head ‘capabl'e 'of "controlling the
regnet |22t Lo A eELLAY oG R DOREE | BUed Qo dSRLLRS ghpget on by, he
20101 19 GBS ML G AN BohOaler TBRIEH Sl B9l OB Uplppor i o
ox St {UP U e I SURIOEE, U A S, 96, BRaPL 1920 | v
during aip;Rearig SHLACS MLkCGEhRt1dlf HE'JHIPIGGels thereby

resulting in a problem that heat is more generated in the

PtMn laver, so that the sense current cannot be increased. In

a case of using the pinned layer of this embodiment, it is no

more necessary for the layer such as made of PtMn with high

specific resistivity and the amount of heat generation can be

decreased to about 1/10. Accordingly, since the allowable

sense current can be improved by about 10 times the case of

using PtMn and the obtainable signal output can be increased,

this is extremely effective.

[0081]

[Effect of the Invention]

The present invention can provide a magnetoresistive

head capable of controlling the magnetization direction of the

pinned layer to a desired direction by the application of a

magnetic field at room temperature and coping with high

recording density which is stable to the magnetic field from

the recording medium or magnetic field from the recording head.

For example, in the existent type head, since the

magnetization direction of the pinned layer near the air




deteriorated remarkably for a 0.1 pmclass head of the MR height
corresponding to the high recording density, whereas the present invention
can provide a head of sufficient performance for the class since the
magneti zation direction of the pinned | ayer can be controlled after
fabrication and, accordingly, the nagggtization direction of the pinned

| ayer can be controlled to a desired rection. [Brief Description of the
Drawings] [Fig. 11 Fig. | is a graph exam ning the dependence of the
coercivity of a ferromagnetic filmA on the Fe conposition in a case of

' I ) ig. .11.Fig.. 2 ' I f .
Showi ng & Do 9 crfacRed CREZARSA T 1R FRrst, B nb el SuiiHa oS
t he change of resistance _in a_case of. usi Co 5% at% Fe for both a
f er r omagne®tt q?qqﬁQQzﬁﬂfﬁ?cﬁeﬁﬁgﬁﬁﬁiEﬂ?Qr;Eﬁ%nng ﬁFﬁ?ncﬁ(h§ is an exanpl e

of transfer curves showng a relation between the netic field and the
resi st anced@eiigrafied, regrrkapdy vECY 2 f i h Mg E&?@sgﬁgﬁ i ﬂg e é‘gq at% Fe for

the ferromagnetic filmA and usi .10 at% Fe for. the, ferro etic
filmB. Figeight)cqresponding, °o£§?rcig’réfe’%e°3c‘§$‘\? sIERSHF ARG T i on
bet ween the magnetic field and the 60 change . of resistance.of, a spin valve
filmin a EARPTASEY dGVeasiey 58 PEOYHI® Rotieach ot Sngﬁ%‘*ﬁ‘éﬁ ¢ tilmA and

the performance for the class since the magnetization direction of
the pinned layer can be controlled after fabrication and,
accordingly, the magnetization direction of the pinned layer
can be controlled to a desired direction.
[Brief Description of the Drawings]
[Fig. 1]

Fig. 1 is a graph examining the dependence of the
coercivity of a ferromagnetic £ilm A on the Fe composition in
a case of various cap layers.

[Fig. 1]

Fig. 2(a) is an example of transfer curves showing a
relation between the magnetic field of a spin valve film and
the change of resistance in a case of using Co 50 at% Fe for
both a ferromagnetic film A and a ferromagnetic film B. Fig.
2(b)} is an example of transfer curves showing a relation
between the magnetic field and the resistance change of a spin
valve £ilm in a case of using Co 50 at% Fe for the
ferromagnetic film A and using Co 10 at% Fe for the

ferromagnetic film B. Fig. 2(c) is an example of transfer

curves showing a relation between the magnetic field and the




ferromagnetic filmB. [Fig. 31 Fig. 3 illustrates graphs show ng the
tenperature change of the anti-ferromagnetic coupling saturation nagnetic
field (Hs) of a stacked type pinned layer. Fig. 3(a) is a graph in a case
where the CoFe filmthickness is 180 A and Fig. 3(b) is a graph in a case
of converting the CoFe film thickness .o 25 A. [Fig. 4] Fig. 4 is a graph
showi ng the dependence of the resistance change of a spin valve filmusing
Co 50 at% Fe for the ferronmagnetic filmA and using Co 10 at% Fe for the
ferromagnetic filmB on the thickness of an Ru film (Fig. 51 Fig. 5is a

o Ahldle (E 80 <00 BBONPIL Co A1 BPRLARAEA R e Mty N9 (e

nagnetizal? nne | ayer 1mnto an inten direction (two-step
magnetic fjel t.r.e nt) [ 6 | Ll ustrates showi ng t he
results oféo e)goarﬁtrﬁ %tsm?% B8%st?lf‘%t’;ieollr?ogqagglelstﬁfn§%%ﬁv§ ?I}(?Pné}?épabl e of

controlling the nmagnetizatiop direction of a pinned |layer by the two-step
magnetic f %ﬁ??@ﬂﬂﬁgiﬁgtﬁﬁEmsﬁbmn in Fig. 5 while 61 varying the thickness

of the anti - rroqﬁgnetically coupling film (Ru) and the ferromagnetic
filmA (Co 50 ®#%¥PFe). Synbol

Fig. 3 illustrates graphs showing the temperature
change of the anti-ferromagnetic coupling saturation magnetic
field (Hs) of a stacked type pinned layer. Fig. 3(a) is a
graph in a case where the CoFe film thickness is 180 A and Fig.
3(b) is a graph in a case of converting the CoFe film
thickness to 25 A.

[Fig. 4]

Fig. 4 is a graph showing the dependence of the
resistance change of a spin valve film using Co 50 at% Fe for
the ferromagnetic film A and using Co 10 at%¥ Fe for the
ferromagnetic f£ilm B on the thickness of an Ru film.

[Fig. 5]

Fig. 5 is a view showing the method of magnetic field
application for controlling the magnetization of the pinned
layer into an intended direction (two-step magnetic field
treatment).

[Fig. 6]

Fig. 6 illustrates tables showing the results of

examining the constitution of a spin valve film capable of

controlling the magnetization direction of a pinned layer by

the two-step magnetic field application shown in Fig. 5 while




"0" indicates a controllable constitution. Fig. 6(a) shows the result in a
case where the level of a first stage magnetic field H is 10,000 (0Oe) and
Fig. 6(b) shows a result in a case where H is 14,000 (Oe). [Fig. 71 Fig.
7 is a diagram showi ng transfer curves at a neasuring magnetic field of
1,000 (0Oe), 2,000 (Oe), and 5,000 (Oe In a case of changing the

t hi ckness of the ferromagnetic filmA ECD 10 at% Fe) while setting the

t hi ckness of the ferromagnetic filmB (Co 10 at% Fe) to a constant |evel.
[Fig. 81 . Fig. 8 is a view showing a structure of a spin valve type

e a i ew STy G tralRERdsoF PSSOV R R PSR TRy i 1D
VRl Ve YD TGO SR L RSB G ALPUETERT SR, PhAEY 4t
CoeTeLu e LR OB BT S d e S INIES B Blaf ok oot tom
CrderL2e e b b RSB ubiet S LR Mo Dpeg e ©
field H1 is 10,000 (Oe) and Fig. 6(b) shows a result in a case
where Hl is 14,000 (Ce).
[Fig. 7]

Fig. 7 is a diagram showing transfer curves at a
measuring magnetic field of 1,000 (Ce), 2,000 (Oe}, and 5,000
(Oe). in a case of changing the thickness of the ferromagnetic
film A (Co 10 at% Fe) while setting the thickness of the
ferromagnetic f£film B (Co 10 at% Fe) to a constant level.

[Fig. 8]

Fig. 8 is a view showing a structure of a spin valve

type magnetoresistive sensor using a stacked type pinned layer.
[Fig. 9]

Fig. 9 is a view showing a structure, different from
that of Fig. 8, of a spin valve type magnetoresistive sensor
using a stacked type pinned layer.

[Fig. 10]

Fig. 10 is a diagram illustrating the depéndence of

the coercivity on the Fe composition of the ferromagnetic film

A of the bottom type spin valve sensor film shown in Fig. 8 in

a case of using various underlayers.

[Fig. 11]




of the bottomtype spin valve sensor filmshow in Fig. 8 in a case of
usi ng underl ayers different fromthose used in Fig. 10. [Fig. 12] Fig. 12
is a diagram showi ng the dependence of the <coercivity on the Fe
conposition of the ferromagnetic filmA, of the bottomtype spin valve
sensor filmshown in Fig. 8 in a case, f using underlayers different from
those used in Fig. 11. [Fig. 13] Fig. 13 is a diagramillustrating the
outline of a nagnetic read and wite apparatus according to the enbodi nent
of the present invention. [Fig. 14] Fig. 14 is a view showing a nagnetic

nead for used in @dmRARCLLC,l 82dqANM Md‘,}i@gﬂr ahlégjaHééHSeaofpﬂHb val ve

sensor according 't hé present Thnvention. Fig. 15 is a graph
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cﬂange_of % ! nagnetlc fi di agram showi ng

the principle of ers 0 t he 55§ acked

pi nned | ay‘g boet il Q ?‘#’relr’]?i&%é{%dpgﬁ% E Hﬁ?ﬁlga Vi elw ?ﬁow ng

the ConStléé%é(”% sf%g %% derlayers different from those used in Fig. 10.
[Fig. 12]

Fig. 12 is a diagram showing the dependence of the
coercivity on the Fe composition of the ferromagnetic film A,
of the bottom type spin valve sensor film shown in Fig. 8 in a
case of using underlayers different from those used in Fig. 11.

[Fig. 13]

Fig. 13 is a diagram illustrating the outline of a
magnetic read and write apparatus according to the embodiment
of the present invention.

[Fig. 14]

Fig. 14 is a view showing a magnetic head for used in
a magnetic read and writ apparatus using a spin valve sensor
according to the present invention.

[Fig. 15]

Fig. 15 is a graph showing a relation between the Fe
compositional ratio and the resistance change of the
ferromagnetic film B.

[Fig. 16]
Fig. 16 is a diagram showing the principle of reversal

control for the magnetic moment of the stacked pinned layer of

in this embodiment.




spin val ve type magnetic head of this enbodinment. [Fig. 183 Fig. 18 is a

vi ew show ng the constitution of a CPP- GVR head, and TMR head of this
enbodiment. [Fig. 19] Fig. 19 is a graph showi ng transfer current curves in
a case of changing the Fe conposition and the filmthickness of the
ferromagnetic filmA (thickness of the %erronagnetic filmBls 25 A).

[Fig. 20] Fig. 20 is a graph show ng tp nsfer curves in a case of changing
the Fe conposition and the filmthickness of the ferromagnetic filmA (the
t hi ckness of-the ferromagnetic film Bis 20 A). [Fig. 21] Fig. 21 is a
graph show nEF”a%S; er curves in a case of changing the thickness of the
ferromagneti 191 A in a bottomspin valve type nmagneti c head according

to this enbodi mng%-LBg’Férsi %jvggwoéh@?jfrﬁ{/g{h\seg éfyﬁggkﬂo&%f .a dipstrate,

17, 21 ... magneti ... spin 9, 20 ... electrode,
22 ... coil,.23 ... itin 4 .. tl 31, 32 ...

per manent ﬁ%’g’he‘fa]f‘{el \rlyhfypflm.%sg%gici ﬁ%% a?fl ve Tn'slelenlm?oggﬂ.é?.t' under | ayer, 43 ...
non- nagneti c quqﬁgfve film 44 ... CoFe film 45 ... N Fe film 46 ..

cap | ayer, 56°*9

Fig. 18 is a view showing the constitution of a CPP-

GMR head, and TMR head of this embodiment.
[Fig. 19]

Fig. 19 is a graph showing transfer current curves in
a case of changing the Fe composition and the film thickness
of the ferromagnetic film A (thickness of the ferromagnetic
film B is 25 A).

[Fig. 20]

Fig. 20 is a graph showing transfer curves in a case
of changing the Fe composition and the film thickness of the
. ferromagnetic film A {(the thickness of.the ferromagnetic film
B is 20 4).

[Fig. 21]

Fig. 21 is a graph showing transfer curves in a case
of changing the thickness of the ferromagnetic film A in a
bottom spin valve type magnetic head according to this
embodiment.

[Description of Reference Numerals]
16 .. substrate, 17, 21 .. magnetic shield, 18 .. spin

valve film, 19, 20 .. electrode, 22 .. coil, 23 .. writing gap.

24 .. magnetic core, 31, 32 .. permanent magnet f£ilm, 41 ..




stacked type pinned layer, 52 ... ferromagnetic filmA, 54 ...

ferromagnetic filmB, 53 ... anti-ferromagnetic coupling film 56, 57 ..
magneti zation direction, 60, 61 ... underlayer, 62, 63 ... permanent
magnet film 64, 65 ... electrode, 71 ... insulative film 72 ...
under | ayer, 73 ... non-magnetic conduckhve film 74 ... CoFe film 75 ..
Ni Fe film 76 ... cap layer, 80 ... stacked type pinned |ayer, 82 ..
ferromagnetic filmB, 54 ... ferromagnetic filmA, 83 ...
anti-ferronagnetic coupling film 86, 87 ... magnetization direction,

91 ... underla 3, er n nej.fil e 65
Fi gs. 2(a) ]EW 4Iggrr(r;r%mgénl;é ng % r{Bnt %égglr%g%ggﬁg hﬁ&%{\f@

Measuri ng net 11& f'lé_ol-d Ff % RN]lﬁlerfﬁte% %C%F&ngﬁgecgad step
| g I

Fi gs. 6(a) erto gnetlc f pl Ted magnetic
field Fig. s%ackegngfpe 1nne&Llaye CtBincfgfggﬁﬁéﬁetlc film A, 54 ..

ferromagnetic film B, 53 .. anti-ferromagnetic coupling film,
56, 57 .. magnetization direction. 60, 61 .. underlayer, 62, 63
. permanent magnet film, 64, 65 .. electrode, 71 .. insulative
film, 72 .. underlayer, 73 .. non-magnetic conductive film, 74 ..
CoFe film, 75 .. NiFe film, 76 .. cap layer, 80 .. stacked type
pinned layer, 82 .. ferromagnetic film B, 54 .. ferromagnetic
film A, 83 .. anti-ferromagnetic coupling film, 86, 87 ..

magnetization direction, %0, 91 .. underlayer, 92, 93,

permanent magnet film, 94, 95 .. electrode




2: input device 3: output device 5: control device 6: data input/output
device 7: wite head 66 8: read head 9: position control section 10:
notor control section 11: notor 13: magnetic nediumFig. 16 Mqg: Initial
state 1~~pAF: First step nagnetic field application 1 . First step
magnetic field removal 2 8~17~JA Seconﬁgstep magnetic field application 2
& Q AR : Second step magnetic field renbval Magnetic nonment AH c (,itA)
Hi gh He (ferromagnetic filmA) ,AHc (AB) : Low He (ferromagnetic film B)
67 [What is Clained is] [Caim1] A magnetoresistive head conprising: a

pi nned Iayﬁgésg £(§F,'f®ﬁ?}i2?%?
gﬁﬁm’iﬂﬁ:Ferromagnetic film B
SRR NE : Ferromagnetic £ilm A

REHS :Measuring magnetic field

Fig. 5
%1 B :First step

% 2 BRf¥ :Second step

Figs. 6(a), 6(b)

PR IE . Ferromagnetic £ilm A

Fig. 7

ENINEESY : Applied magnetic field

Fig. 10
4 none
Fig. 13

1: electronic computer
2: input device

3: output device

5: contrel device

6: data input/output device

7: wri te head




a non-magnetic spacer filmformed between the pinned |ayer and the free

| ayer; wherein the pinned | ayer has a first ferromagnetic filmand a
second ferronmagnetic filmanti-ferronmagnetically coupled to each other by
way of an anti-ferromagnetic coupling film and a coercivity of the first
ferromagnetic filmis 200 (Ce) or nDrgGand a coercivity of the second
ferromagnetic film is 20 (Ce) or less. [Claim?21 A nmagnetoresistive head
conprising: a pinned |layer; a free layer; and a non-nmagnetic spacer film
formed between the pinned |ayer and the free |ayer; wherein the pinned

| ayer has g,f}é & ﬂfﬁ&onagnetic filmand a second ferromagnetic film
anti-ferromagnétically coupled to each other by way of an

anti-ferrogag i C. fi l ot conposition of the first ferromagnetic
filmis wiehi ﬁ%ﬁ%‘%‘g?‘%’*%&ofﬁﬁgﬁgx (at% 40 S X S 80; and 68 a

conposi ti on.of S ferr netic filmis wthin a range of:
CblOO-yFeyT?étﬂépﬁrd&%aggfoekf%ﬁggnl3] A magnet oresi stive head according to
claiml or, 2, _ +or

13: magnetic medium

Fig. 16

#I#: Initial state

1 EREBBAEIINF: First step magnetic field application
1 ERERERBRER: First step magnetic field removal

2 EXBBEIINEF: Second step magnetic field application
2 BYBREBREFE: Second step magnetic field removal
&K E— A b: Magnetic moment

®mHc (GEEMIRA) : High Hc (ferromagnetic f£ilm A)

{£H c GREMEB) : Low Hc (ferromagnetic film B)




wherein the anti-ferromagnetic coupling filmis formed of Ru and has a

t hi ckness within a range from3.0 to 4.0 A [Caim4] A nagnetoresistive
head according to claiml1l or 2, wherein a relation between an i mgi nal

t hi ckness DAO of the first ferromagnetgyc filmthat has a magnetic nonent
equal to a magnetic nonent of the second ferromagnetic filmand a

t hi ckness DA of the first ferronagnetic filmsatisfies: 0.0227 S (DA -
DAO)/ DAO S ghﬁg éi nagnetoresistive head according to claim 4,
wherein ﬂ gﬁ%t a+WF of the first ferromagnetic filmis |arger

t han that of Ee sefgnd ferronagnetlc film [COaim6] A magnetoresistive
head accordlﬁé £H" im1l or , mhereln a Iayer |n contact with the first
ferromagnetic fil ar med and Ni FeCr. [Caim7]

A nagnetoreS|st|ngH3$3“% 5§?ﬂﬁﬁév?o %P%Pr%S qgm m 1to 6, wherein the

free layer is on the side aof a substrate and the pinned layer is on a side
renote fromthe su%s?t?ﬂ%g 2i®Ati ve to the free | ayer; and 69 wherein the
magnet or esi sti ve hea an underlayer adj acent to the free | ayer, the
under | ayer haV|ng 3n Z%} Hia#8f on the side of the substrate.

a non-magnetic spacer film formed between the pinned
layer and the free layer;

wherein the pinned layer has a first ferromagnetic
film and a second ferromagnetic film anti-ferromagnetically
coupled to each other by way of an anti-ferromagnetic coupling
film; and

a coercivity of the first ferromagnetic film is 200
{(Oe) or more and a coercivity of the second ferromagnetic film
is 20 (Oe) or less.

[Claim 2]

A magnetoresistive head comprising:

a pinned layer;

a free layer; and

a non-magnetic spacer film formed between the pinned
layer and the free layer;

wherein the pinned layer has a first ferromagnetic
£ilm and a second ferromagnetic f£ilm anti-ferromagnetically
coupled to each other by way of an anti-ferromagnetic coupling
£ilm;

a composition of the first ferromagnetic f£ilm is

within a range of: Coje-xFex (at%) 40 < X = 80; and



[Claim8] A magnetoresistive head according to any one of clains 1 to 6,
wherein the pinned layer is on the side of the substrate and the free
| ayer is on a side renote fromthe substrate relative to the pinned |ayer;
and wherein an underlayer adjacent to tdwge first ferromagnetic filmon the
side of the substrate conprises a stack of NNiFeCr and Ru, a stack of
Ni FeCr, Ru, and NiFe, or a stack of NNFeCr, Ru, NiFe and Cu, in order from
the side of the substommositfiGhadin Sie Asammgetfercsesnsgnetihefitimcicording to
any one of clains 1 to 6, wherein the fixed layer is on the side of a
substrate withime freaeged afer Cog,0Rea (sitdg wedte £r @o.t he substrate
relative to the fixed | ayer; and wherein an underl ayer adjacent to the
first ferrone@resiti SXfilmon the side of the substrate conprises a stack
of NiFeCr, NiFe, PtWMh and Ru, or a stack of NNFeCr, NiFe, PtM and Cu, in
order fromthe sid& ofagne¢osabistive. hda@ aicmol@lingd hagnbaibnekiat idie head
conprising: a first pinned |ayer; a second pinned |layer; a free layer; 70
a non- mgnethersipaddre fanitir-fernedadret viserconlpd ihgr §61m is formed of Ru
and-has a thickness within a range from 3.0 to 4.0 A.
[Claim 4]
A magnetoresistive head according to claim 1 or 2,
wherein a relation between an imaginal thickness DAO of the
first ferromagnetic film that has a magnetic moment equal to a
magnetic moment of the second ferrcmagnetic film and a
thickness DA of the first ferromagnetic film satisfies:
0.0227 = (DA - DAQ)/DAC = 0.136
[Claim 5]
A magnetoresistive head according to claim 4, wherein
the magnetic moment of the first ferromagnetic f£ilm is larger
than that of the second ferromagnetic film.
{Claim 6]
A magnetoresistive head according to claim 1 or 2,

wherein a layer in contact with the first ferromagnetic £ilm

is formed from one of Ru, Ta, Cu, and NiFeCr.

[Claim 7]
A magnetoresistive head according to any one of claims
1 to 6, wherein the free layer is on the side of a substrate

and the pinned layer is on a side remote from the substrate

relative to the free layer; and




pi nned | ayer and the free | ayer; and anot her non-nmagnetic spacer film
formed between the second pinned |ayer and the free | ayer; wherein each of
the first and the second pinned |ayer has a first ferromagnetic filmand a
second ferromagnetic film anti-ferron%ﬁnetically coupled with each other

[

by way of an anti-ferromagnetic coupli'ng film and a coercivity of the
first ferromagnetic filmis 200 (0e) or nore and a coercivity of the

second magnetic | aygérdin t2@ (Bghe®bréesstiveindiad hht Anmagderbagsi stive
head conprising: a first pinned |ayer; a second pinned layer; a free

layer; a ngajaeenetis whRaceeef ikhietor opd heiermererhaakingt an pNheds | ayer
and the free | ayer; and another non-magnetic spacer filmfornmed between the

second pi npgfet-aygr e ditdee ofer @gel ayBstraterein each of the first and the
second pinned |ayer has a first ferronmagnetic filmand a second

ferronagne;ifcigiﬂ1apnti-ferronagneticalIy coupl ed with each other by way
of an anti-terromagnetic coupling film and 71 wherein a conposition of

Fg;grof the first afpidiurReReliseilhl ABadi &R dg teaehyobnehef f é1&impi nned
1 to 6, wherein the pinned layer is on the side of the
substrate and the free layer is on a side remote from the
substrate relative to the pinned layer:; and

wherein an underlayer adjacent to the first
ferromagnetic f£film on the side of the substrate comprises a
stack of NiFeCr and Ru, a stack of NiFeCr, Ru, and NiFe, or a
stack of NiFeCr, Ru, NiFe and Cu, in order from the side of
the substrate.
[Claim 9]
A magnetoresistive head according to any one of claims
1 to 6, wherein the fixed layer is on the side of a substrate
and the free layer is on a side remote from the substrate
relative to the fixed layer; and
wherein an underlayer adjacent to the first
ferromagnetic film on the side of the substrate comprises a
stack of NiFeCr, NiFe, PtMn and Ru, or a stack of NiFeCr, NiFe,
PtMn and Cu, in order from the side of the substrate.
[Claim 10]
A magnetoresistive head comprising:
a first pinned layer;
a second pinned layer;

a free layer;



and the second pinned layer is wthin a range of : Col00-xFex (at% 40 < x
< 80, and a conposition of the second ferromagnetic filmis wthin a range
of : C0100-yFey (at-% 0 < Y < 20. [Caim12] A nagnetoresistive head
according to claim10 or 11, wherein each of the anti-ferronmagnetic
coupling filnms -of the first pinned | ayer and the second pinned |ayer is
made of Ru and has a thickness within a range from3.0 to 4.0 A (Caim
131 A magnetoresistive head according to claim10 or 11, wherein a

rel ati on between the | | nal,_.thickness 0 of fir [r etic
filmthat has a rraagnrécflll'c rﬁ)n?réécr}tc gaﬁgFrt%lDﬁf'htgorrﬁaegné)teitge%rréﬁ g@%ﬁe second

ferromagnetic filmand a . thickness.DA of the first ferromagnetic film
satisfies: 96{1]692(;71%5{951— oS -tqﬁAngBAba‘éeBt 1 [Claim141 A nagnetoresistive

head according to clai.m 13 wherein. the magnetic t | [ St
ferromagnetic fil n?r?‘gtlfea]'? gdeoln'mtaﬁgﬁtf‘ﬁa?p%?e htgllsfneéfléglr)\n% epggﬁ%gﬁeﬁ% film

[Caim15] A nme ho{'m?é rEanuf act ritgg a.m etoresistive head conprising a

pi nned Iayﬁ?c%% IT1g-a’ T & onagne r|3‘_(3: 5 and a second ferromagnetic
e foroneanof TSGR P Bl Bfle "21XbE Mt Fhe?'d280nlY pRNCA" 18
has a first ferromagnetic film and a second ferromagnetic £ilm
anti-ferromagnetically coupled with each other by way of an
anti-ferromagnetic coupling f£ilm; and
a coercivity of the first ferromagnetic film is 200
(Oe) or more and a coercivity of the second magnetic layer is
20 (Oe) or less.
[Claim 11]
A magnetoresistive head comprising:
a first pinned layer;
a second pinned layer;
a free layer;
a non-magnetic spacer film formed between the first
pinned layer and the free layer; and
another non-magnetic spacer film formed between the
second pinned layer and the free layer;
wherein each of the first and the second pinned layer

has a first ferromagnetic film and a second ferromagnetic film

anti-ferromagnetically coupled with each other by way of an

anti-ferromagnetic coupling film; and




a free layer and a permanent magnet filmdi sposed at an end of the free

| ayer, said nethod conprising: a first nagnetic field application step of
applying a nagnetic field in a desired direction different froma
direction of a magnetic nonent magnetized to the pinned | ayer; and a second
magnetic field application step of apphying a nagnetic field in a
direction different fromthe direction of the magnetic field application
in the first magnetic field application step. (COaim161 A nethod of

manuf acturi ng a mayaRTetest tampesiéaan acerch mf tthecifdirstls, wherein the
followwng relation is satisfied: HL 0. 4 HS Hs < H2 < 0. 35 Hs, where Hs

i s a satur AEFEAMASRRELF E FHinedispesedr ingeace spediiev £ irgignénnednbaeex s of
the first ferromagnetic filmand the second ferromagnetic film

anti par al | 8ndt Bheagecnharinnnd layepatal yEthist & gandge o§:aCeoendiyity f the
per manent magnetic %ayer, H is a magnitude of an application magnetic
field in {RE%}|4Q Fagnéri®0fiand application step, and H2 is a magnitude
of an application nmagnetic field in the step of applying the second
magnetic field. a composition of the second ferromagnetic film is

within a range of: Cog.vFey {at%) 0 = Y = 20.
[Claim 12]

A magnetoresistive head according to claim 10 or 11,
wherein each of the anti-ferromagnetic coupling films of the
first pinned layer and the second pinned layer is made of Ru
and has a thickness within a range from 3.0 to 4.0 A

{Claim 13}

A magnetoresistive head according to c¢laim 10 or 11,
wherein a relation between the imaginal thickness DAO of the
first ferromagnetic film that has a magnetic moment equal to
the magnetic moment of the second ferromagnetic film and a
thickness DA of the first ferromagnetic film satisfies:

0.0227 = (DA - DAD)/DAD = 0.136

[Claim 14]

A magnetoresistive head according to claim 13, wherein
the magnetic moment of the first ferromagnetic film is larger
than that of the second ferromagnetic film.

[Claim 15]

A method of manufacturing a magnetoresistive head

comprising a pinned layer having a first ferromagnetic film

and a second ferromagnetic film anti-ferromagnetically coupled



72

with each other by way of an anti-ferromagnetic coupling film,
a free layer and a permanent magnet f£ilm disposed at an end of
the free layer, said method comprising:

a first magnetic field application step of applying a
magnetic field in a desired direction different from a
direction of a magnetic moment magnetized to the pinned layer;
and

a second magnetic field application step of applying a
magnetic field in a direction different from the direction of
the magnetic field application in the first magnetic field
application step.

[Claim 16]

A method of manufacturing a magnetoresistive head

according to claim 15, wherein the following relation is

satisfied:

v

H1 0.4 Hs

Hs = H2 = 0.35 Hs,
where Hs is a saturation magnetic filed that brings respective
magnetic moments of the first ferromagnetic f£ilm and the
second ferromagnetic film antiparallel to each other into a
parallel state, Hc is a coercivity f the permanent magnetic
layer, Hl is a magnitude of an application magnetic field in
the firs magnetic field application step, and H2 is a

magnitude of an application magnetic field in the step of

applying the second magnetic field.





