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for a recording head for reproducing information of a
magnetic recording medium by utilizing a giant
magnetoresistive effect and a magnetic recording and
reproducing apparatus using the same.

A reproducing head as well as a recording head
are mounted on a magnetic recording and reproducing
apparatus, and an AMR (Anisotropic Magnetoresistive) head
which utilizes an anisotropic magnetoresistive effect has
been proposed as a reproducing head. In the AMR head,
since it is required to suppress a Barkhausen noise
generated by the head to prevent a malfunction of the
magnetic recording and reproducing apparatus, a magnetic
domain control layer for maintaining the magnetoresistive
effect layer in a single magnetic domain state is
provided in the head.

In a first generation AMR head having the
magnetic domain control layer provided therein, a
magnetic domain control system called a patterned
exchange as disclosed in USP 4,663,685 is adopted. 1In

this system, a magnetic domain control layer formed of an
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magnet. It has al so been proposed to use a | am nation of ferromagnetic
films and antiferromagnetic filnms instead 25 of the pernanent magnet as

di sclosed in JP-A-7-57223. On the other hand, as a next
generation high sensitivity MR head -wMd ch takes place of the AMR head,
a spin valve head utilizing a giant n?%netoresistive ef fect

- 3- has beantpfepsemagastirséidBedsi paybegngdassheopatherned spjn val ve

head conprises, as a ,ma netoresistiv& iffect,

. fi a first
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film whose fon'I's fixed an etic
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films. The secon eriromagnet m1s-stackéd on an antiferronmagnetic

filmor a %0 Q?H”ﬁn‘é@htﬁgnﬁhg%itib seh¥engt arbhx (hheediibackhadwiltched
magneti zation of the second ferromagnetic film In order to enhance an

out put of the pgifeknl ¥epheadofacluakrodpe for @rasediuciabva khasgeadnbeen
proposed as an application of the spin valve head as disclosed in

JP- A-5-347013. aThagnébidugliedfdi novahvelkeadicadpsigesl)asfathe MR films
magnet or esi stive
is induced to a single magnetic domain state.
It has been reported that the AMR head adopting

10 the patterned exchange system can improve a sensitivity
by increasing a spacing of the magnetic domain control
layers to be larger than a spacing of electrodes, as
disclosed in an article of the Institute Journal of the
Magnetics Society of Japan, Vol. 19, page 105 (1995).

15 In a second generation AMR head, a hard biasing
system is adopted as disclosed in JP-A-3-125311 in order
to facilitate the manufacture as compared with the first
generation AMR head. In this system, both ends of the MR
film extended to the end regions are cut off, the MR film

20 is formed only in the magnetic sensing area, and the
magnetic sensing area is maintained in a single magnetic
domain state by a magnetic field generated by a permanent
magnet. It has also been proposed to use a lamination of
ferromagnetic films and antiferromagnetic films instead

25 of the permanent magnet as disclosed in JP-A-7-57223.

On the other hand, as a next generation high

sensitivity MR head which takes place of the AMR head, a

spin valve head utilizing a giant magnetoresistive effect



effect film a first ferromagnetic filmwhose direction of

magneti zation is changed by a magnetic field froma magneti c recordi ng
medi um second and third ferromagnetic films whose directions of
magneti zation are fixed, a non- 20 magnetilc —conductive filminserted

bet ween the fiyst f tig. fi d.th [ [
and 4 nohé%?gnwcp%ééé’%% 58 FLPRIPRER tRaTBeRuaanoPRLor  repe T
erromagnetic filmand t third f t] ' e
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directly stackgfonetiz80i8R éeteﬁsﬁggnﬁgnst@ﬁgﬁéwa £5cPQr FRBANL MBgnet

which _ _ serves to fix the
directions of gRgREti&ate@8ra@inghRediumseaosdcond £brreémaghenieghiglinc
films. . In those spin valve heads, since the direction of
nmagnet i zati on wBosbadgedcbyonhef mggnetizatibd Lsofiix&dt Ardnagneti-c
recording head in the first ferromagnetic film it is required to

mai ntai n t he fmagheticroondnetive filhi insentedebetwgen hhgnéirstdandin

st at e. The spin val ve head has been known as one which

second ferromagnetic films. The second ferromagnetic
film is stacked on an antiferromagnetic film or a

10 permanent magnet which serves to fix the direction of
magnetization of the second ferromagnetic film. In order
to enhance an output of the spin valve head, a dual type
of spin valve head has been proposed as an application of
the spin valve head as disclosed in JP-A-5-347013. The

15 dual spin valve head comprises, as a magnetoresistive
effect film, a first ferromagnetic film whose direction
of magnetization is changed by a magnetic field from a
magnetic recording medium, second and third ferromagnetic
films whose directions of magnetization are fixed, a non-

20 magnetic conductive film inserted between the first
ferromagnetic film and the second ferromagnetic film and
a non-magnetic conductive film inserted between the first
ferromagnetic film and the third ferromagnetic film. The
second ferromagnetic film and the third ferromagnetic

25 film are stacked above and below the first ferromagnetic
film to oppose to the first ferromagnetic film, and the
second and third ferromagnetic films are directly stacked

on an antiferromagnetic films or permanent magnet which



t akes place of the AMR head, but in the prior art spin 10 val ve head which

uses the hard biasing system a repr oduced wavef orm may be distorted or-
a reproduced out put may be dropped by g strength of the nagnetic
domai n control |ayer. For éxanple, when a strength of the

magnetic 15 donai trol i - a streng
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of this noi se i s discontinuo novenent of nagnetization at the

ends of the fié??mi?ﬁé@ﬂﬁ&ﬂf&ﬁciéibH&n&Q&Shﬁafkéaﬁégﬂetic fpelgefremeasi er
to be generated in the spin val ve head than in the AMR head. This is

because, insthehsphiigietye r@Bobebny héedoper shéofiistnhéntymagndutted
whil e the magneti zation of the first ferromagnetic filmis oriented
| ateral |y and falmheiAMRs heeguitéd bpemainbainsthei Aiyst ferromadguoeticwhil e
the magneti zation of the MRfilmis
-5- i ncl i nBtilmoimpphexs ingbe ymagngbie cdemaipngtytein the
The spin valve head has been known as one which
takes place of the AMR head, but in the prior art spin
10 valve head which uses the hard biasing system, a
reproduced waveform may be distorted or a reproduced
output may be dropped by a strength of the magnetic
domain control layer. |
For example, when a strength of the magnetic
15 domain control layer is not enough to bring the first
ferromagnetic film to the single magnetic domain state,
the reproduced waveform may be distorted and the magnetic
recording and reproducing apparatus may malfunction.
This distortion is usually called a Barkhausen noise and
20 it has been proved that a cause of the generation of this
noise is discontinuous movement of magnetization at the
ends of the first ferromagnetic film. This Barkhausen
noise is easier to be generated in the spin valve head
than in the AMR head. This is because, in the spin valve
25 head, the operation is mainly conducted while the
magnetization of the first ferromagnetic film is oriented

laterally and in the AMR head, the operation is mainly

conducted while the magnetization of the MR film is



spin val ve head, when | eakage magnetic fields (positive and negative)

of the magnetic recording mediumare applied, the nagnetization at the
ends of the first 5 ferromagnetic filmare vertically inverted. This is
because a static energy is high when the‘hégﬁétization at t he ends of

the first ferromagnetic filmis di d | at 1y whil h

of 'the mgnet tnagmhctff =BhrorbnefabEr 45 sarafostrr BelRtY S, freie ne”

obl i que upwart ' ' i | QB '
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oriented obliquely, e di scont1 nlous novenent of the magnetization as

observed 15 é?ﬁihéd?p£HeVﬁ$§ﬁeE§§Qtﬂ6ﬁ5aﬁOﬁhéagﬁdﬁ|aﬁethe first
When the streng of magnetization is sufficient to a certain extent

and the spasi ngeptoklignetic eibatandeseptithdlgpinveated.hemdibsiseduced to
I ncr ease a track density of the magnetic recording and reproducing 20
appar at us, an betaute(aessativi éyergyr ianhighbl wbenothe magnepagabgonbatpt |y
decreases. The output of the spin valve head increases basically in
proportion to the ehdstepfdthe firspaferngomganstis Bidmuis dhEershger the

areas in which the voltage changes are serjally connected, .the |arger
is 25 the ovelaFPréhéﬁgEh%ﬁetﬁhevﬁFfﬁﬂthkﬁﬁeFEP,mﬁﬁ@ﬁtfﬁedomalnelectrgde

spacing is sinply reduced in '
P J nBoXtro iayeé ighgogrgg%fgégeggrgo that the oblique

10 upward or obligue downward direction of magnetization is
in an instable state. On the other hand, in the AMR
head, since the magnetization at the ends of the first
ferromagnetic film is always oriented obliquely, the
discontinuous movement of the magnetization as observed

15 in the spin valve head does not take place.

Wwhen the strength of magnetization is
sufficient to a certain extent and the spacing of the
electrodes of the spin valve head is reduced to increase
a track density of the magnetic recording and reproducing

20 apparatus, an output (sensitivity) per unit electrode
spacing abruptly decreases. The output of the spin valve
head increases basically in proportion to the electrode
spacing. This is because the longer the areas in which
the voltage changes are serially connected, the larger is

25 the overall change in the voltage. However, when the
electrode spacing is simply reduced in the prior art hard
bias system spin valve head, the output (sensitivity) per

unit electrode spacing abruptly decreases. Particularly



bi as system spin val ve head, the output (sensitivity) per uni t

el ectrode spacing abruptly decreases. Particularly

-6-  when the el ectrode spacing is reduced to 2 [err]mor |ess, t he

sensitivity of the head is reduced to 90% & 1 ess of its inherent

sensitivity. A cause for. the reduction of t.he sensitivity i e | ow
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and the '“f'ue?ﬁg E*B%Q@Egaggﬁgiﬁivit dongi BagaBt k8k kAKerellcteaness a

proportion of sensitivity central area is reduced, and as a

resul't, the thaegehkivibytysikedneedowrceneditigliyy bt the peifer andt
hard bi asi ng system spin val ve head, when the el ectrode spacing is

sinply redugedriphe sa@sirbyibhy bf @heupilyt ferremugadtdoed fille byl flect i on
of the magnetic recording and 15 reproducing apparatus increases. As a
result, it is infldehtecolft the magnease thmafinackntiendi dpyefr sitecikegnetic
recordi ng and reproduci ng appar at us. Further, when the
strength of thbefegnehecelectrgdeni nAcoerdénglyyensi sheuplestardeto a

certain extent,
spacing is reduced and the influence by the magnetic

domain control layer increases, a proportion of the high
10 sensitivity central area is reduced, and as a result, the
sensitivity is reduced. Accordingly, in the prior art
hard biasing system spin valve head, when the electrode
spacing is simply reduced, the sensitivity is abruptly
reduced and the malfunction of the magnetic recoiding and
15 reproducing apparatus increases. As a result, it is
difficult to increase the track density of the magnetic
recording and reproducing apparatus.
Further, when the strength of the magnetic
domain control layer is sufficient to a certain extent,
20 the head output is abruptly reduced as the strength of
the magnetic domain control layer increase even if the
electrode spacing is kept unchanged. For example, when a
longitudinal bias ratio which is a factor to indicate the
strength of the magnetic domain control layer is 2, the
25 head output is reduced to approximately 60% of its
inherent output. When the magnetic domain control layer
is the permanent magnet, the longitudinal bias ratio is

represented by a ratio of a product (Bret) of a remanent



20 the head output is abruptly reduced as the strength of the magnetic

domain control layer increase even if the el ectrode spacing is kept
unchanged. For exanple, when a | ongi tudi nal bias ratio which is a
factor to indicate the strength of thée magnetic domain control |ayer

is 2, the 25 head t ' d d [ | %
i nher ent outpu?ggVﬁggc?giu%zaégﬁgﬁgdg%gPﬁpr%?b%?%gﬂégﬁoﬁggge%ggpﬁea

permanent magngt, .t {zgf;l_zgggigtﬁugi, N2haPhasrbahte (Bs.t) of°R'83EALELiBY 2

ratio of a pro manen
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t hi ckness t, an produc a saturation magnefic flux density

Bs of the firsinyf Eﬁéogggﬂemvai h8hd aniinthBessphntyabkaebsad . angnbhe film
t hi ckness t. en 5 the nmagnetic domain control |ayer is the stacked |ayer

IOf . the Ber{:ﬁaaﬂa?héﬁ_i&i heRaandcbherant 1hgeronBgRRLi sthcked, layert b
ongi tudinal bias rafio is represented by a ratio of a product (Bs.t)
of the saturattng Fegrehhgnétix demmstynd thBsantifberbeagoekgrefidmsil min
t he magnetic domain 10 control layer and the filmthickness t, and a
pr oduct (Bhet longitudinalabies maghet is frepxedentedybBsaotrathe of
first ferromagnetic filmin the spin valve head and the
a product (Bset) of the saturation magnetic flux density
Bs of the ferromagnetic film in the magnetic domain
10 control layer and the film thickness t, and a product
(Bset) of a saturation magnetic flux density Bs of the
first ferromagnetic film in the spin valve head and the
film thickness t.
Further, since the magnetic domain control
15 layer is manufactured in a separate process from that of
the first ferromagnetic film, the strength of the
magnetic domain control layer, that is, the longitudinal
bias ration includes a variation to some extent. As a
result, the head output includes a variation. Further,
20 as described above, since the Barkhausen noise is
generated if the strength of the magnetic domain control
layer is insufficient, the strength of the magnetic
domain control layer is set to be somewhat larger than a
required value. As a result, the output is reduced.
25 In the prior art hard bias system spin valve
head, since the head output largely depends on the

strength of the magnetic domain control layer, the output

is reduced and the malfunction of the magnetic recording



filmthickness t. Further, since the magnetic domai n control
15 layer is manufactured in a separate process fromthat of the first
ferromagnetic film the strength of the magneti ¢ donmain control |ayer,
that is, the | ongitudinal bi as ration8ificl udes a variation to sone
extent. As a resul t, the head output includes vard ation, Further,

20 as dﬁscribéﬂ“ﬁbﬁ ,oéﬁ?&ﬁgt?@?%ﬁﬁ%%%uﬁ%ﬁrﬁ%?gi yaen £ﬁeg%ﬁ5?%9g ?f t he
strength of the magnetic. oggi . CO yer 484 nsufficient, the
strength of thgh?méhgﬁ?glg %%%a?%ﬁg%%%r%ﬁy%gygé *gggét to be sonewhat

| arger than a required value. As a result, the output is reduced. 25
In the prior art hard bias system spin val ve head, since the head

out put | ar gel yggippeRe Sof PrirReINvENT S ENgt h of the nagnetic donmain contro
| ayer, the out put I's reduced and the mal function of the magnetic

recording It is an object of the pSesent fmdeniepondusi ng
appar atus increases when the strength of t he magneti ¢ domai n control

| ayer is high.provide SANMYethrdsitst NvENFE Bt head which caitpredace
obj ect of the present invention to
a high reproduced output independently from the strength
of the magnetic domain control layer even if the
electrode spacing is small, and a magnetic recording and
reproducing apparatus using such a head.

10 In order to achieve the above object, according
to the present invention, there is provided a magneto-
resistive effect head comprising a magnetoresistive
effect film having a plurality of stacked films of a
dimension corresponding to a track width of a magnetic

15 recording medium, magnetic domain control layers arranged
on the opposite sides of said magnetoresistive effect
film intersecting a stack direction of the magneto-
resistive effect film, and a pair of electrodes stacked
on said magnetic domain control layer and electrically

20 connected to said magnetoresistive effect film. The
magnetoresistive effect film comprises a first ferro-
magnetic film of single layer or multi-layer having a
direction of magnetization thereof changed by a magnetic
field from a magnetic recording medium, a second

25 ferromagnetic film of single layer or multi-layer having
a direction of magnetization thereof fixed and a non-

magnetic conductive film inserted between the first



5 provide a nmagnetoresistive effect head which can produce a high

reproduced output independently fromthe strength of the magnetic
domai n control layer even if the el ectrode spacing is small, and a
magneti c recordi ng and r epr oduci ng aﬁpgratus usi ng such a head. 10

I der t hi th . 0bj , di
nventi on, 1 hoPEEFanATRe TR e ARRGRS| Bhe SecRd, EPFFRRapRELEc Eagn, and

o N e fi1m hayi :
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recordi ng medi i FEPPELL ngﬁf@'@ifﬂﬂéfoé?#g%ﬁéﬁtaﬁﬁ?ﬁ%ﬁdfilm £8p the

opposite sides of sard nmagnetoresistive effe mintersecting a
stack directiop; pinghend®@neéOrion of 'RshhbtyLaeibrChel Lh8) s@Bdna pair of

el ectrodes stacked on said magnetic domain control |ayer and
electrically Poreonagiéeidct pibal d pagobbns eststheepaitest éleéatrddes
magnet oresi stive effect filmconprises a first ferro- magnetic fil m of
singl e | ayer caraustackeqeonhthée ngagnetoredsistivenebHfeatgfielinzandoa t her eof
changed by a nmagnetic field froma magnetic recording medium a second
25 ferromagnetspa¢ihgn of sahdleléayrrdes heing-nayvewenvthgn a wigth of
direction of magnetization thereof fixed and a non- magneti c

conductive filsaldsnrgratoresitehivaceffesct film or the electrodes are

arranged at positions which cause the flow of current

10 only at a central area of the magnetoresistive effect
film and the electrode spacing is not larger than 2 um.
The spacing may be 0.25 ~ 1.5 um.

In the magnetoresistive effect head utilizing
the giant magnetoresistive effect, when the antiferro-

15 magnetic film or the permanent magnet for fixing the
direction of magnetization is directly stacked on the
second ferromagnetic film, a portion of a pair of
electrodes may be stacked on the antiferromagnetic film
or the permanent magnet and the electrode spacing may be

20 smaller than a width of the magnetoresistive effect film.

Further, according to the present invention,
there is provided a magnetoresistive effect head compris-
ing a magnetoresistive effect film having a plurality of
stacked films of dimension corresponding to a track width

25 of a magnetic recording medium, magnetic domain control
layers arranged on the opposite sides of the magneto-
resistive effect film and a pair of electrodes stacked on

the magnetic domain control layer and electrically



- 9- ferromagnetic filmand the second ferromagnetic film and t he
second ferronmagnetic filmis stacked directly of an antiferromagnetic
filmor permanent magnet filmfor fixing the direction of magneti zation
of the second 5 ferromagnetic film PortFHﬂs of the pair of electrodes

are stacked on the magnetoresistive effect fjl of said

$!Fctrod?ﬁ be:?@P?%iﬁ?ﬁwﬁ°t?Eﬁl%PQW%E?F%ﬁlStlvgggﬁgﬁgﬁn%%ﬁ%ggfgﬁgve ef f ect
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effect head utyiigip tRSgRe B % a FRERCLRELSLE ENEnGEA EBY , a iggnébe
antiferro- 15 nagne??% ??Iﬁ?%r theapernanent magnet Tor f?x?ng ?ﬁe ©

direction of npOSEY i £AbhOfhé hEEL & Yretecteng onedbem, sesendnand
ferromagnetic film a portion of a pair of el ectrodes may be stacked on
the antiferronggiedi fetrbmagnetbe fhimpeofrasinglenpaperandrimelbiectrode
spacing may be 20 smaller than a width of the nagnetoresistive effect

film layers Kavihgra dtvectiog ¢of magnetdzehionnthareef, fixed,
there is provided a nagnetoresistive effect head conpris- ing a

magnet or esi st i #ef ef$bcuonihaghatiagcangrgehyet fibp inserted betwedn the

first ferromagnetic film and the second ferromagnetic

10 film and a second non-magnetic conductive film inserted
between the second ferromagnetic film and the third
ferromagnetic film. The first ferromagnetic film is
sacked on the second ferromagnetic film and the third
ferromagnetic film is stacked on the first ferromagnetic

15 film. Antiferromagnetic films or permanent magnet films
for fixing the directions of magnetization of the second
and third ferromagnetic films are provided.

In the magnetoresistive effect head utilizing

the giant magnetoresistive effect, when the antiferro-

20 magnetic film or the permanent magnet for fixing the
direction of magnetization is directly stacked on the
third ferromagnetic film, a portion of the pair of
electrode may be stacked on the aﬁtiferromagnetic film or
the permanent magnet and the electrode spacing may be

25 smaller than the width of the magnetoresistive effect
film, or the electrodes may be arranged at current
supplying positions only in the central area of the

ferromagnetic effect film with the electrode spacing



stacked filnms of dinension corresponding to a track wwdth 25 of a nagnetic
recording medium magnetic domain control | ayers arranged on the
opposite sides of the magneto- resistive effect filmand a pair of
el ectrodes stacked on t he magnetic dokhin control |ayer and
electrically . - 10 - connected to
t he magnet or esP8iNFe2eiMePE LPFRr The magnet or esi stive effect film
conprises a first ferro- magneti¢c filmof_ single | ayer .or ti-layer
having a di rection annﬁﬂﬁeﬂFgﬁ?g8ﬁeFﬁ8£éXF 8ﬁgﬁ§§d¥89da°§g§h8tic 5
field fron]thepg?ggﬁklgn&&ﬁ?ig#ngwﬂgg'ﬂﬂb ?89&9ﬁeﬂ@dma neEhEEQm is used

[ ngle ti- I

ferromagnetic ns Of ~'Si ayers or nu ayers having a

direction of nggnﬁﬁézﬁééﬁgtﬁbe&SﬂgﬁgiESHtrol IQ?EECSEhaoﬂaGHQEEEiQilm

conductive filminserted between t first Terromagnetic filmand the

second ferrgnagpet k§xing theNMiapdceisACoRImAgRcRREAC b BENEUE! s¥eohtl M
I nserted bet ween thé second ferromagnetic filmand the third

ferromagneti c bkl gniFherbirrohafgnetonngneni ¢sf pkefesably shekedtafierire-
second ferromagnetic filmand the third ferromagnetic filmis stacked
on the first faagneagoefiim,18nfli WhenAthef etackadnéeyerf pifnkher per nanent
magnet fil ns for fixing the directions of nagnetization of the second
antiferromagnetic f£ilm and the soft magnetic film is used
as the magnetic domain control layer, the magnetic film
10 for fixing the direction of magnetization of the second
or third ferromagnetic film is preferably the antiferro-
magnetic film or the permanent magnet. The former case
is more preferable.
The width of the ferromagnetic effect film is
15 preferably the spacing of the pair of electrodes plus
0.5 ~4 pm.

The position of the electrode end which defines
the electrode spacing of the pair of electrodes is
preferably in a range of 0.25 ~ 2 um from the widthwise

20 ends of the magnetoresistive effect film.

Further, the electrode spacing of the pair of
electrodes may be set to 2 um or less, preférably
0.25 1.5 um.

The magnetoresistive effect head of the present

25 invention may be used as a reproducing head and applied
to the following apparatus.

(1) A magnetic recording and reproducing

apparatus comprising a magnetic recording medium for



and third ferromagnetic filns are provided. In the

magnet oresi stive effect head utili zing the gi ant magnetoresistive
effect, when the antiferro- 20 magnetic filmor the pernmanent magnet for
fixing the direction of magnetizationl@s-directly stacked on the
third ferromagnetic fil a portiqgn of the pair e

. i f |.ect.rod
sfackeddon t heM@aReLirpd gﬁ@FPEdPPHnFBF°rmathﬁg BeFﬁﬁﬁgﬁgghééhgﬁggﬁdbthe
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- 11 - bei g2 Ly . N e ;QLQSi Stive
ef fect head ofgtﬁepkgahpgggénkg?%géﬁtFgﬁ,pﬁﬁgﬁsfﬁgbpg?%aﬁg%?%ﬁggggt filmis

used assthgigﬁgqegggmdgﬁgiQe@g@ﬁﬁg&nbaﬁgad,the magnetic film 5 for

fixing the direction of magnetization of "the second or third
ferromagnetic filmis prehgrabhighleianirebeblacing appagatiisC compmi sdmd
when the stacked | ayer of the antiferromagnetic filmand the soft

magnetic fil m asmagedtic reasrtiegmagdéumc foonmagneticadilyl apeording
magnette flln]information, a recording head for generating a magnetic
field corresponding to an electrical signal and recording

10 information represented by the magnetic field on a
magnetic recording medium, a reproducing head for
transducing a chahge in a magnetic field leaked from the
magnetic recording medium to an electrical signal and a
reproduction circuit for processing the electrical signal

15 from the reproducing head.

(3) A disk array system comprising a plurality
of above magnetic recording and reproducing apparatus and
a controller for controlling the apparatus.

In accordance with the meas described above,

20 the opposite ends of each electrode are arranged inner
than the widthwise end positions of the magnetoresistive
effect film, no substantial current flows to the
widthwise ends of the magnetoresistive effect film and a
current flows only in the central area which is hard to

25 be influenced by the magnetic field from the magnetic
domain control layer. Accordingly, even if the strength

of the magnetic domain control layer is not sufficiently

high, the generation of the Barkhausen noise from the



10 for fixing the direction of magnetization of the second or third

ferromagnetic filmis preferably the antiferro- magnetic filmor the
per manent magnet. The forner case ngre pr ef er abl e.
The width of the ferromagnetic effect f|Tn4 15 preferably the spacing of

the pair of electrodes osition

of the el ectrolUB9Bf oﬁﬁg&ﬁ%&g?iﬁggeCt fL?WekélggppgﬁgsgsaciH6r§$e He pair
of el ectrodes Loen if Phe' s&%ﬁhgthnoé £89%iaBhels €5 domadnl BohkEOL" kN

widthwi se 20 RG% € negnetroresistive e

Further, the ehggggoggeﬁﬁgﬁl ng ﬁighhsueah& HBFebe ngk AthLALES rrwr*eﬁe%et to

2 [err]n1or | ess; pre
magnet or esi st i ygeff EECEhaeadeefcrbaé ﬁﬁ.&&ﬁn‘is Zadupuant aonlgnysbasgsed as a

reproduci ng head and applied to the foll ow ng appar at us.

(1) A magnesi crigseidbugpandisepaoduaingd withaphear 8ined 1ceepdi spnrgad so
magneti c recordi ng nmedi um for 12 -
magnetical |y rehatdanhighf srawki densatyepsodutangetiead for transdu0|ng

a change in a magnetic field | eaked from
In accordance with the present invention, since

the electrode spacing is smaller than the width of the
magnetoresistive effect film and the current is flown

10 only in the central area of the magnetoresistive effect
film, the generation of the Barkhausen noise is
suppressed even if the strength of the magnetic domain
control layer is not sufficiently high, and even if the
strength of the magnetic domain control layer is

15 sufficiently high, the variation in the output may be
suppressed low. Further, even if the electrode spacing
is small, a high sensitivity is attained with the small
read spread, and the high track density is attained.

When the head of the present invention is used

20 in the magnetic reproducing apparatus or the magnetic

recording and reproducing apparatus, the malfunction may

be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 to Fig. 3 show constructions of a spin
25 valve head in accordance with an Embodiment 1 of the
present invention,

Fig. 4 shows characteristics of reproduced



the magnetic recording mediumto an electrical signal and a

reproduction circuit for processing the electrical 5 signal fromthe
repr oduci ng head. (2) A nagf tic reproduci ng apparatus
conpri sing a magnetic recording nmedit or magnetically recording

i tion, di for : : . :
o vESaRE SRR e Bt SPufSPELRR Bl BROREE Brpppntl Shdgpeson
represent ed by %gf%rgggg£igr£l éfnogafve helggnetic recordi ng nmedi um a

r epr oduci ng he3 ransaticing a changein a magnetic field | eaked

fromthe ~ magnetic ref@{;?“§gsﬁs%uyéiat§8n§!ﬁ§£ﬁé§ﬁl tAbJBaLcRREda
reproduction circuit for processing the electrical signal 15 fromthe

reproduci ng heggacings and the outphtd fhsknarspynsyales Reapr bgi thea
plurality of abOve magnetic recording and reproduci ng apparatus and

a control |l es fpresentr ohtengibheangpthat peior art spin valvenheader dance
with the neas descri bed above, 20 the opposite ends of each electrode are
arranged i nner t hanFLye 6i shbwsseedatiipnsi betwsenf thheoff-track

magnet or esi sti ve effect film no substantial current flows to the

wi dt hwi se endsambunhe amgnthereutputseinfthet spinnvahveahead ofyfhent flows
only in the central area which is hard to 25 be influenced b tae magneti c
fieid fromtheprnegasti énventiganand EBﬁtPSFOFa9€F.SB&EOVG?K@I6?3 ven if the

strength of th neti i i i Ci
d the moRgs. o7 2HEwE 2875E ons B8kwban"the BbbLTaE™ Y

10 amounts and the outputs in the spin valve head of the
present invention and the prior art spin valve head,

Fig. 8 shows a relation between a distance from
the magnetic domain control layer and the effective
anisotropic magnetic field in the spin valve head of the

15 present invention,

Fig. 9 shows relations between the longitudinal
bigs ratios and the outputs in the spin valve head of the
present invention and the prior art spin valve head,

Fig. 10 to Fig. 12 show constructions of a spin

20 wvalve head in accordance with an Embodiment 2 of the
present invention,

Fig. 13 shows a construction of a conventional
(prior art) AMR head in accordance with the Embodiment 2
of the present invention,

25 " Fig. 14 shows a diagram of relations between
the outputs and the overlap amounts of the spin valve
head of the present invention and the prior art AMR head,

Fig. 15 shows a diagram of a relation between



hi gh, the generation of the Barkhausen noise fromthe

- 13 - magnet oresi stive effect filmis suppressed. Further, even if
the strength of the magnetic domain control film | ayer is high, a high
out put may be nmaintai ned. Further, eveh®iT the electrode width is

od d, hi ah . i . ot ain .
[eduoed, @ N ol SeRRkeortvb) dhiYalHBLy pholBbihiedata"atl the SURkpend
accor dance mntE@g&Safﬁgggﬂ%hég&gghkognvéhgggn the el ectrode spacing is

snmal l er than t _ magnetoresi §tive effect filmand the
current is flown 10 only;pn &Besgs%ral d2hgRanf okNE FBIAELBHEBEEIEYE

ef f ect film the generation of the Barkhausen noise is suppr essed
even if the stygagblerebtibe HRYBEEL6pHeMaBneticCenblal ahdyehel Svaeliap
sufficiently high, and even if the strength of the magnetic domain
control laygr hmouh® $Hfthei pebb¥nki ghvehbeounari ation in the output may be
suppressed |ow. Further, even if the electrode spacing Is small, a
high sensitivity is attaFmngd ®7t bhble andibgram ofeadrsprtadn kedweksa hi gh
track density is attained. Wien the head of the present

invention is ushe effectivheambgntropirepaguatingfappdr andstbe oNerdagnetic
amount in the present invention,
Fig. 18 shows a diagram of a relation between
10 the effective anisotropic magnetic field and the overlap
amount in the present invention,
Fig. 19 shows a hard disk apparatus of the
present invention,'
Pig. 20 shows a sectional view of an inductive
15 type magnetic recording head of the present invention,
Fig. 21 shows a partial perspective view of an
integration of an inductive type magnetic recording head
and a magnetoresistive effect reproducing head of the
present invention,
20 Fig. 22 shows a perspective view of a negative
pressure slider of the present invention,
Fig. 23 shows an overall view of the magnetic
disk apparatus of the present invention, and
Fig. 24 shows a conceptual view of the magnetic

25 disk array apparatus of the present invention.



recordi ng and reproduci ng apparatus, the mal function may be reduced.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 to Fig. 3 show
constructions of a spin 25 valve head in ?gcordance wi th an Enbodi nent 1
of the present invention, - “Fig. 4 shows characteristics
of reproduced vef ornms of

the spin val vePREAALEP PﬁéCBFggéﬁp PﬁvgﬁgigﬁEFERRQdegBBPFgPNa t spin valve

head, ' 5;shows rel ati ons between the el ectrode
: mb t; .
spaci ngs and tﬂe 895@%? |%§the spin valve head of the 5 present invention

and the prior art spin V?ké? hegflows a configuratEbﬂ-o@ ahgwankelratiags
bet ween the off-track nounts and the oufputs in the spin valve héad of

tF he presentoi gVRBLEGM 8Rdat Bﬁiﬁr ¥alvar he§fi Bfvaheepkeadnt _
ig. 7 shows relations between the overlap 10 anmounts and the outputs in
the spin vagveiheadtobnthein Figlesenthenwpinhi ealeadhthd pgiantart spin
val ve head, Fig. 8 shows a relation between a distance from
t he magneti c dmaghetomesisktileyeffentl hkedef tonstwected as a
reproducing magnetoresistive effect head comprises a
magnetoresistive effect film 10, a pair of magnetic
domain control layers 12 and a pair of electrodes 14, and
10 the magnetoresistive effect film 10 is stacked on an
antiferromagnetic film 16. The magnetoresistive effect
film 10 is formed of a multi-layer of a plurality of
films having a dimension corresponding to a track width
of a magnetic recording medium. The multi-layer film
15 comprises a first ferromagnetic film 18, a non-magnetic
conductive film 20 and second ferromagnetic, films 22 and
24, and the second ferromagnetic film 24 is stacked on
the antiferromagnetic film 16. The multi-layer films are
cut out to a dimension corresponding to a predetermined
20 width (a width 26 of the magnetoresistive effect film)
and stacked. The first ferromagnetic film 18 is formed
of NiFe, CoFe, CoNiFe, or the like as a free layer which
has a film thickness of 5 nm, preferably 2 .15 nm. The
non-magnetic conductive film 20 is formed of Cu and has a
25 film thickness of 2 nm, preferably 1 ..5 nm. The second
ferromagnetic films 22 and 24 form stacked films as fixed

layers, and the second ferromagnetic film 22 is formed of

Co and has a film thickness of 1 nm. The second



ani sotropi c magnetic field in the spin valve head of the 15 present

i nvention, Fig. 9 shows rel ations between the | ongitudinal
bias ratios and the outputs in the spin valye head of the pr esent
i nvention and the prior art spin valve héa&l7 - Fig. 10 to Fig.

Enbodi nent 2 of errenagnecieclutn 2, 4R, #rmed o MRS AR B0,
e bt mant tp3ckAREEbERI b re&g&a%& anls ghR head aata%g%%ance Wi th

the_Enbodlnent Fés ERt |nven 14 shows
diragram of T GagheR® gmﬁ% is fo%%d%tfp&m ahd bhe aveihap amount s of

the spin val ve the present invention and the prior art AWVR

head, thickneBEkdo£1 B80S RAYS p# e@b%ﬁ'bi? 20 2 geelnd.i orHRetdRIhd
t he effectlve ani sotropi c nagnetlc field and the overl ap anount in the

present inventif@Rromagnetic filmsFi2Q. ah@ SMohave dhegdameeh idnselodt i on
bet ween the effective anisotropic nagnetic field and the overlap 5

anount in the pagaeftzatient thereof fixed to beFogiehteshwesvaxdditagr am of a
rel ati on between
plane facing to the medium by exchange coupling with the
antiferromagnetic film 16. The direction of magnetiza-
tion of the first ferromagnetic film 18 is set to width
10 direction of the magnetoresistive effect film and the
direction of magnetization is changed normally to the
plane of the drawing by a magnetic field of the magnetic
recording medium. The first ferromagnetic film 18 is
thicker than the total thickness of the second ferro-
15 magnetic films 22 and 24 and it is approximately two to
three times as large as the total thickness.

The magnetic domain control layer 12 is formed
of a stacked film of permanent magnet film 28 and an
orientation control underlying film 30, and the magnetic

20 domain control layers 12 are arranged adjacent to both
sides of a widthwise area which intersects to the
stacking direction of the magnetoresistive effect film
10. The permanent magnet 28 may be formed of CoCrPt
alloy and the orientation control underlying film 30 may

25 be formed of Cr having a film thickness of 10 nm, for
example (preferably 0.5 ~ 20 nm). The first magneto-
resistive film 18 is controlled by the magnetic field

generated by the magnetic domain control layer 12. The



the effective anisotropic magnetic field and the overlap anount in the

present invention, Fig. 18 shows a diagramof a relation
between 10 the effective anisotropic magnetic field and the overlap
amount in the present invention, - 18 - Fig. 19 shows a hard di sk

apparatus of the sent inventi

. Fig. .2
sect i onal V|emmﬁgnﬁﬁlFnSBEFFUecoﬁﬁrPgpéaﬂﬁgné?iefrgéng!ﬂﬁlﬁgﬁzggrip%e

o Can it BGPa: PBntohoiAb gt T BE RRRAPRETPERS: Ainl REae ¥ OV
and a mgnet o 831 31 ENERALEE! of CHEOMNCT 28="83Mn Aol RBroseraBigsant 30

i nventi on, a perspe VI ew o negative
pressure $I|de§m?t the present invention, Fig. 23 shows an
overall view o he magnetic di sk apparatus of the present invention,
and 5 Fig. 2flespans arcaneeprdabsviawaek thackegnehi ¢he25 di sk
array apparatus of the present invention.

- 16 - DET ik 5hP: DESEBIRETh ok r HE1 RREFERBREENEVBOPLIENGR of each

[ Enbodi nent 1]
electrode 14 is stacked on the first ferromagnetic film

18. Namely, each electrode 14 is stacked on the first
ferromagnetic film 18 and the magnetic domain control

10 layer 12 with an electrode spacing 32. Each electrode 14
may be formed of a metal such as Au, Cu or Ta, and the
electrode spacing 32 of the electrodes 14 is smaller than
the width 26 of the magnetoresistive effect film.

In the spin valve head, the output is

15 proportional to a product of a specific resistivity
change Ap inherent to the spin valve film and cos A6 of
the angle A6 made by the directions of magnetization of
the first ferromagnetic film and the second ferromagnetic
film. Since the specific resistivity Ap is more than two

20 times as high as that of the AMR head, the spin valve
head is known to be of high sensitivity as compared to
the AMR head. Assuming that the direction of magnetiza-
tion of the second ferromagnetic film is fixed normally
to the plane facing to the medium, for example, directly

25 below (-90°), cos A8 may be rewritten to cos (8+90°) by
using the angle 6 made by the direction of magnetization
of the first ferromagnetic film and the plane facing to

the medium. Namely, the output is proportional to sin 6.



Fig. 1 shows a configuration of a plane facing to a mediumof a spin
val ve head of the present 5 invention. In Fig. 1, the spin valve head

(gi ant ~magnet oresi stive effect head) copstructed as a repr oduci ng
magnet oresi stive effect head conprises a~ 15 Tagnet oresi stive effect film
10, a pair of gnhetic omain_control layers 12.and.a, pair_of .

el ectrodes 14,E§n8rafﬁ PﬂecﬁﬁﬁﬁgtgﬁgsP§£P95 FP38F%%PP99168i§r$?35%33 on an
antiferromagnef] | h ghgt or.esi.stki f L i's
fornmed of a nu%??-%g%g%ﬁngé %P3§é|?t§E05E§EE¥EP?§5gﬁ?&?ﬁéméhggkéﬁgron

corresponding hBcgrhifAgkyll ¢h8 dire6ti8nBANRhLAcEECALIbAT AP UhME i Tae
multi-layer film 15 ¢ ngrlses a first ferromagnetic film18, a

non-magnetic fereemdgnbtye Eilm 28 asad QSCBBdsﬁBétQﬁEQBQl&C’aEth&lZEOand
24, and the second ferromagnetic film24 is stacked on tﬁe

antiferromagnethe plhffeléacihg tvl thel mpdiufi | ehasr s, substanutaldya

di mensi on corresponding to a predetermined 20 width (a width 26 of the
magnet or esi sti ¥atetadct film and stacked. The first ferromagnetic film
18 is forned of Ni Fe, CoFe, CoNi Fe, or the like as a free |layer which
has a filmthickness of Bigm 2pehpwsaBl gonstsuationhef thengpirnyadvec
conductive film20 is fornmed of Cu and has a 25 filmthickness_of _2.nm

preferably 1~5haad imnwhigBopdloy sufh,agnBgNeei NiMpy ET¥D . aRY 3her dike

stacked filns as fixed I ; : -
formed of is useg insteadaxgrﬁioaggrtQﬁesgg 9 eL%E&QE% @EE'%iEh'E%%z 'S

10 One of the second ferromagnetic films 22 and 24 can be
omitted. As shown in Fig. 2, the stack direction of the
magnetoresistive effect film 10 is different from that
shown in Fig. 1, and the antiferromagnetic film 16 is
stacked on the magnetoresistive effect film 10. 1In both

15 Fig. 1 and Fig. 2, the antiferromagnetic f£ilm 16 may be
substituted by the permanent magnet film. The thick-
nesses of the respective layers in Fig. 2 are same as
those in Fig. 1. The magnetic domain contrql layer 12 is
below the upper plane of the antiferromagnetic film 16.

20 Fig. 3 show a construction of a dual spin valve
head which is an application of the spin valve head to
enhance the output. As shown in Fig. 3, the magneto-
resistive effect film 10 comprises a first ferromagnetic
film 18, second ferromagnetic films 22 and 24, third

25 ferromagnetic films 36 and 38, a non-magnetic conductive
layer 20 inserted between the first ferromagnetic film 18
and the second ferromagnetic film 22, and a non-magnetic

conductive film 34 inserted between the first ferro-



Co and has a filmthickness of 1 nm The second

- 17 - ferromagnetic film24 is fornmed of NNl Fe and has a film
thickness of 1 nm preferably 1-5 nm The antiferro- magnetic film 16
is formed of NiO and has a film t hi ckné8s—of 50 nm preferably 20 80

Th d 5 f ic f.il .and h I [
e 5at o Paamabie P SH e By chmn e L
t he medi um [ ' .the. i [ j | .
i rectson of nibEnaeegnd Rl MalinkR ikl 1 1ns 3L Al PATRIRC UG LA 1

towidth 10 dir sattii%r%n{agﬁeﬁ%n%&%eais%t :a‘ﬁﬁ &kl %ﬁttiffielﬁoﬂﬁgnte'ﬁc

direction of magnetization 1S changed normally to the pl ané of the

drawi ng by a nggngf i4g filsels@ a@keldN@nmGRethG rd fer@omagned iediiums Bee first

ferromagnetic film18 is t hi cker than the total thickness of the second

ferro- 15 magaedi G8f.i | Both2 oFndhd4 makteitli ziat idPp da xRty ofwahieo

three tines as large as the total thickness. The magnetic
domai n control seapad dhd shiicdnferromagoetd csifddined afel hixedper Mueent
magnet film 28 and an orientation control underlying film30, and the
magnetic 20 dddeist demropadgngydcs filmad8 dsr dogoedagifadlafe t €oF6t/h

CoNiFe, or the like as a free layer and has a film
thickness of 5 nm. The non-magnetic conductive films 20
10 and 34 may be formed of Cu and have a film thickness of 2
nm. The second ferromagnetic films 22 and 24 and the
third ferromagnetic films 36 and 38 form stacked layers
as fixed layers, and the second ferromagnetic film 22 and
the third ferromagnetic film 36 are formed by Co and have
15 a film thickness of 1 nm. The second ferromagnetic film
24 and the third ferromagnetic film 38 may be formed of
NiFe and have a film thickness of 1 nm, preferably 0.5~ 3
nm. The antiferromagnetic films 16 and 40 is formed of
most appropriate one selected from alloys of FeMn, NiMn
20 and CrMn or from Oxides of NiO and CoO. The antiferro-
magnetic films 16 and 40 may be formed of the same
material or different materials. They may be substituted
by the permanent magnets. Further, one of the second
ferromagnetic films 22 and 24 may be omitted. Similarly,
25 one of the third ferromagnetic films 36 and 38 may be
omitted. The thicknesses of other layers are same as
those in Fig. 1.

In each of the above spin valve heads, the



sides of a widthw se area which intersects to the stacking direction

of the magnetoresistive effect film 10. The permanent nagnet 28 may be
formed of CoCrPt all oy and the orientation control underlying film 30
my 25 be formed of Cr having a filmthircRdess of 10 nm for exanpl e

f bly 0.5 ~20 . The fi - i Sti ' '
Contr ol | ed by BRETREGHS MESASH GO 123 08nEHRAT B h S oA RS AP
control | 12. _Th . : ¢ o -

Eagnﬁt i cf %Enrali ﬁ%cgﬁ‘t ][ea(}llqya)?é“r NiZe, A0 2 3dcghCh Fe NanS;o%e N
ei ght of the {jn . ' ' . R i lRsthigkne
nm for exanpl Ea'Jh(]%trhe g %&n%%}q?fg:gﬂ%%l@§l% T tlﬂl%la pai'f%gg 0

el ectrodes 14 58 Hiatheh Pdnti®1 undBARBLG 16F8H BCaRly Pe | ayer 12 and a
portion of each el ectrode 14 is stacked on the first ferromagnetic film

18. Nanely, seaghpaitadiitede bl Tas 9 adted 0B Wty stharacteafirsamrgnetie
film18 and the magnetic domain control 10 layer 12 with an el ectrode

spaci ng 32. Eaglaggledicr admalid contmmi fd lorirPed soff carmmeet dde lswe Hthas viperCu
or Ta, and the el ectrode spacing 32 of the electrodes 14 is smaller
t han t he wipdiame? © fofthieh magagrtemssdsitdviey @ fffefadc tf iflim hO .

Fig. 4 shows a diagram of measurement of a

reproduced signal by using the spin valve head of the

10 present invention while maintaining the longitudinal bias
ratio indicating the strength of the magnetic field of
the magnetic domain control layer 12 to as low as 0.8.
when a prior art hard bias system spin valve head is
measured under the same condition, a barkhausen noise

15 takes place in the prior art head, but in the head of the
present invention, the Barkhausen noise is suppressed.
This is because the electrode spacing 32 of the
electrodes 14 is set to be smaller than the width 26 of
the magnetoresistive effect film, no current flows at the

20 ends of the magnetoresistive effect film 10 which are
sources of the Barkhausen noise and hence the Barkhausen
noise is not sensed. Thus, even if the strength of the
magnetic field of the magnetic domain control layer 12 is
not sufficiently high, the generation of the Barkhausen

25 noise is suppressed, and when this head is used in the
magnetic recording and reproducing apparatus, the
malfunction of the magnetic recording and reproducing

apparatus is reduced.



In the spin valve head, the output is 15 proportional to a product of a

specific resistivity change Ap inherent to the spin valve filmand cos
[err] of the angle [err] made by the directions of magnetization of
the first ferromagnetic filmand the second2ferronagnetic film Since

the specific resistivity Ap is nore than two 20 tinges.as high. .as that of

the AMR head, the spin viige 3 ShoWsag PLagrafn: FefetdP™hrgh ToenSuRAY v

as co dt the AVR head. Assupi he,.di i Ly
Pon bl e codanastSHRaRNInBeR: ortts HIEUEHHR' dbbfl BRY Wl TR9TEL 29

o the pl ane

faci h di f ' ~ .
R L sl

may be rewitté& 0S e ang err|] made

by the directignsof ;gRgRELLZALLANwith b PREok bt haktomaaRetystld m and
t he plane facing to e medium Nanely, the output is proportional to

sin 0. 5 head. 1In the spin valve head ofl&he presehit dnfentiienghange
the output proportional to (relative to) the change in [err], [err] is

preferably apptas swreelrplhabiht correfponddnagity, thee ddistaniceo34ofvhich
magneti zation of the first ferromagnetic filmis set to be
substanti al | y paeakllelctirodes 1#4heoplease thecifigsto fereomadingrpic Hdtln 4.8

substantially | at eral .
is 0.5 um and the width 26 of the magnetoresistive effect
film is set to the electrode spacing 32 + 1.0 pm.

10 As seen from Fig. 5, in accordance with the
head of the present invention, a high sensitivity is
maintained evén if the electrode spacing 32 is reduced to
0.5 pm, unlike in the prior art head.

Fig. 6 shows a diagram of a microtrack

15 characteristic for the spin valve head of the present
embodiment, in comparison with the prior art head. The
half width of the microtrack profile indicates the
effective read width. Comparison of the half width and
the electrode spacing shows the magnitude of the read

20 spread. In Fig. 6, the overlap amount of the head of the
present invention is 0.5 um for each of left and right
ends. The electrode spacing is 1.0 um for each head.

The microtrack characteristic is determined by recording
a signal in a narrow track width of approximately 0.2 um

25 on the magnetic recording medium and reproducing with
moving the signal of the microtrack under the testing
head.

It is seen from Fig. 6 that a half width



Fig. 2 shows a construction of the spin valve head in which alloy such

as FeMh, NiMh, Cr M, or the like I's used instead of NNO for the
antiferromagnetic film16. 10 One of the second ferromagnetic filns 22 and
24 can be omitted. As shown in Fig. 2, 28h& stack direction of the

magnet oresi stive effect film 10 i, ifferent fromthat sho in Fig. 1
and the antifedPSHEGHETE: YAk Y& tg) of Sggb%gﬁggﬁgﬁﬁ@ehﬁﬁﬁﬁf%ﬂésistive
effect film210., In _beth .15.Fig. 1 Fi.q. t.he antif rrqqﬁﬁgﬁtic film
16 may be l?ﬁ'ﬁé‘?‘llto& é‘é l%yotgl’i%n H%?‘(rérzgné‘%t S gar%et%of iq’}hr% %f'ﬁe thi ck-

nesses of the r | Ve layers i qFi Is §?g§ as Rhd Fig. 1
The magnetic dgﬁégﬁﬁ dn??b %%§§§%% Zs'ge%dal%be omﬂfhecﬁbgg%hplaﬁgpof t he

anti ferromagneyjiaqdf,i iR the p29or art head,Fli® i3 DNOWum @AY U@l i on of a
dual spin valve head ich is an application of the spin valve head to

enhance t he 50URIAl1eAS thiagWthie efflegtrddel kpatigretiadicatingesihet i ve ef f ect
film210 conprises a first ferromagnetic film 18, second ferromagnetic
filme 22 and 24éxitshing oX5 deadr avagsetic filnms 36 and 38, a non-nagnetic
conductive | ayer 20 inserted between the first ferromagnetic film 18
and the second f erromagn&hiec nooirimalizedsgatputodymigseeiffective da@sdk i ve

film34 inserted between the first ferro-
width of the prior art head is 0.78 while that of the

head of the present invention is 0.95 which exhibits the

10 increase of approximately 20%. It is seen from this
result that the head of the present invention is
advantageous over the prior art head.

In this manner, even if the longitudinal bias
ratio is large and the electrode spacing is small, the

15 high sensitivity may be maintained with the small read
spread. Thus, even if the magnetic recording and
reproducing apparatus is implemented in a high track
density, the malfunction of the magnetic recording and
reproducing apparatus is reduced by using the head of the

20 present invention.

Fig. 7 shows a diagram of a measured relation
of the output and the overlap amount when the electrode
spacing is as small as 1 um.

It is seen from Fig. 7 that in order to

25 maintain the head output to not lower than 90% of its
inherent output, the overlap amount may be set to not
smaller than 0.25 um. This is because no substantial

current flows in the widthwise end regions of the



- 20 - magnetic film 18 and the third ferromagnetic fil m 36. The
second ferromagnetic filnms 22 and 24 are stacked on an
antiferromagnetic film 16, and an antiferrqmagnetic film40 is stacked
on the third ferromagnetic filnms 36 5 and 248~ Both of the magnet i zati on

direction of the secaqnd .and third ferro i¢ f.il fi.xxed. Th
}‘i rkst ferr](c)nagﬁ"gt‘-;in(,etﬂrleﬁl 4ve ﬁfl}lr?é% (f‘?llﬂ lrig)%n I , lls'rmlélh el,l)gg"r thee

i ke as a free | . i t hi - ti
conductive {11 RERsg eIty doglobls Baa ool R, Frobd Bath Sl ilmANel ! €
thickness of 2hitg|hc %;@ﬁs-il?ﬁv&%?)%ntt?’arlomegoc tfhialtrmch%Z 1R %@)glgcdtifge

third ferronagne ns 36 and 38 form stacked | ayers as fi

layers, and thgaseeanchelarr @mﬁ.getihc oride? 2o atdain thiee Hilyh Gensi-
ferromagnetic film36 are formed by Co and have 15 a filmthickness of 1

nm The secgnd tiiefirgmagad wd thi the smalldd edrdtidede hpad ifner,r amegrieiitc film
38 may be forned of Ni Fe and have a filmthickness of 1 nm preferably
0.5 ~ 3 nandT hd gt iehelsr artadibet itd pf ieinds of 6 tined ed@dts-oder tédd agfe

nost appropriate one selected fromalloys of Fevh, Nivnh 20 and Crih or
from Oxi des of pxiefexadplygo@rramgeghitionr der dnner fmpa dhiec wiidthwise &ad40 may
be fornmed of the same material or different materials. They may be
substituted ofpfhenmagasteresistdyeec st didm 16 &Yomath Suaddstd

ferromagnetic filnms 22 and 24 : S
J than 0.25 Q%, may be omtted. Simlarly,

10 On the other hand, when the overlap amount is
too large, the effect of the magnetic domain control
layer 12 arranged on the opposite sides of the magneto-
resistive effect film 10 does not extend to the magnetic
sensing area. Namely, in the spin valve head of the

15 present invention, the area in which the magnetization is
most instable and functions as a noise generation source
is the end region inside the electrode 14. This is
because the twist of the biasing field by the current
occurs in this region. Accordingly, it is preferable

20 that the effective anisotropic magnetic field along the
width of the magnetoresistive effect film which is larger
than the biasing field by the current (approximately
5 ~ 10 Oersteds) is applied to the first ferromagnetic
film 18 by the magnetic domain control layer 12 at the

25 end region of the electrode.

Fig. 8 shows a diagram of a relation of the
distance from the magnetic domain control layer 12 and

the effective anisotropic magnetic field. Fig. 8 shows a



25 one of the third ferromagnetic filnms 36 and 38 may be

t hi cknesses of other |ayers are sane as those in Fig. 1.
In each of the above spin val ve heads, the
- 21 - per mmnent magnet 28 nay be subs€Ptnt ed by a stacked | ayer

| f Ni ) ] . _ e
o 1Y omgnob eEF ik B EheqBtoekil® ShyfethneeHufesd 2ere
unaer In 3 b i b .

Yerdo (YBioRg TRY REach SUPEhL! Hi2McO¥lRohBoALEILN RaeRBE 1

characteristic.

upper planfsOés%gﬁeHaHQEEOEﬁ§£?Bg¥9 Eﬁgeﬁkghékﬁbégion at the origikl 9

4 shows a diagramo duced signal by using~the

neti onmal n con I

measurenent o repr

spin val ve headoohtt B8 siPoREEyeBbuhBYVaNEEARIVBI [ RafRbRE I BbRgihhe

| ongi t udi nal

bras ratio i'ndicating the strength of the magnetic field
of the pagaghteoloadln cobt isl skayefrdr Fogassl ew azdér8to set\\bhe a
prior art hard bias systemspin valve head is
condition, a berkbatsee anisetrdpitahegnpkticefieltdhtopnptr smaflezadthabut

measur ed under the sane

omtted. The

of

ormed bélow t he

in

t he head of the present invention, the Barkhausen noise is suppressed.

10

15

20

25

10 Oersteds, the distance from the magnetic domain
control layer 12 may be not larger than 2 um. This, it
is preferable that the left and right end positions
inside the electrode 14 (at the chop end) afe arranged to
be inner from the widthwise end positions of the
magnetoresistive effect film 10 by not larger than 2 pm.
Namely, the overlap amount for the electrode 14 is
preferably in the range between 0.25 um and 2 um.

Fig. 9 shows a relation between the head output
and the longitudinal bias ration when the electrode
spacing is as small as 1.0 um, in comparison with the
prior art head.

It is seen from Fig. 9 that in accordance with
the head of the present invention, the influence of the
magnetic field of the magnetic domain control layer 12 is
not applied much even if the longitudinal bias ration,
that is, the magnitude of the magnetic field of the
magnetic domain control layer 12 is large.

In accordance with the present embodiment, the
reduction of the output may be suppressed even if the
electrode spacing is reduced or the magnitude of the

magnetic field of the magnetic domain control layer 12 is



This is because the el ectrode spacing 32 of the el ectrodes 14 is set to
be smaller than the wdth 26 of the magnetoresistive effect film no
current flows at the 20 ends of the magnetoresistive effect film 10 which
are sources of the Barkhausen noi se~ad Hence the Barkhausen

noise i s not sensed. Thus, even if the strength of th netic field
of the magneti d‘nﬂ’cFﬁ&isﬁgcm &F‘q jgh prtpy %eadn&ays P& *hi gh, the

generation of the Bar khatggler%ta%%i%g z_%&l r%é%:ég: oea%%eqm ey?g ﬁ%??le[t‘%ié's head is

used in the magnet i C-r ecordi uci ng appara

mal function of JR9 sT0RCHsEdRCAadely AEdntRictiSdidtance Wegry%é;e;' .

shows a di agr aghadt@lodiesoRnel thide ndnRioresistis@NYsifadt! ¥)i 1R mayide _

el ectrode spacing and the ~ el ectrode spacing when the |ongitudinal bias
ration is 5 rbduced (QOUIRIG SAON tHd pditr RItWwiiTe sy hiRfers M1 5
head. In the spin valve head of the present invention, the overl ap
amount corr esp@dinn@hle0 pirie@ cdhits iaves tidnhi Ccaccording 18, edhieoteal¥ nedser S

the first ferromagnetic film 18 is 0.5 [err]mand the width 26 of the
magnet or esi st i wadefuhmeicessarfyi hmaits geaeriad ione calne ber sa@psessiady 32 + 1.0
Lerrlm when the head of the present embodiment is used
in the following apparatus, the apparatus with reduced
10 malfunction is attained. For example, a magnetic
recording apparatus_comprising a magnetic recording
medium for magnetically recording information, a
' reproducing head for transducing a change in a magnetic
field leaked from the magnetic recording medium to an
15 electrical signal and a reproducing circuit for
processing the electrical signal from the reproducing
head; and an apparatus comprising, in addition to the
elements of said reproducing appargtus, a recording head
for generating a magnetic field representing an
20 electrical signal and having information representing the
magnetic field stored in the magnetic recording medium.
[Embodiment 2]
Fig. 10 shows a construction of a plane facing
to a medium, of a spin valve head in accordance with a
25 second embodiment of the present invention. In Fig. 10,
the spin valve head (giant magnetoresistive effect head)

constructed as a reproducing magnetoresistive effect head

comprises a magnetoresistive effect film 10, a magnetic



10 As seen fromFig. 5, in accordance with the head of the

present invention, a high sensitivity is mai nt ai ned even if the
el ectrode spacing 32 is reduced to 0.5 %err]nl unlike in the prior art
head. Fig. 6 shows a diagFaﬁ1oF a mcrotrack 15

char act ol oL € oLl AR A 0o e LB conr P and
profile |ndlca5§%n gﬁresiséﬁk%ﬁ%kké%tr%iqdmﬁ§ﬂﬁa§3¥2§%¥f%¥}ﬂy Jhe s

wi dt h and _ e ectrode spacing shows the nagni e The read 20
spread. In Fi gnaGingha a‘iﬁ{elrﬁﬁ.o%”%@re%?ohﬁ%n@?% of traRk widtl @¥ehthe
invention is 0.5 [err]mfor each of left and right ends. The el ectrode
spacing is 1. 0paghkeltid decoddinkeafdium sthltked GOkl ank tdhdegeireristic is
determ ned by recording a signal in a narrow track w dth of
appr oxi mat elsy @tZulctfisrlen 25 on the nmagnetic recordi ng medi um and
reproducing with novi ng the signal of the mcrotrack under the testing
head. It iThes gwd ti-dayeiny fidnt lcamperilselsf anifdist ferro-

- 23 - (effective track width) of the head of the present

i nvention is 1maghetdemfifinc li,s negraiagnetilve conductdge film 19 and a
second ferromagnetic film 13. An antiferromagnetic film
21 is stacked on the second ferromagnetic film 13. The

10 magnetoresistive-effect film 10 and the antiferromagnetic
film 21 of the multi-layer film are stacked and the
opposite ends thereof are cut out such that the width 51
of the magnetoresistive effect film 10 (which is defined
by a smallest one of the widths of the first ferro-

15 magnetic film 11, the non-magnetic conductive film 19 and
the second ferromagnetic film 13) is a predetermined
dimension, for example, 2.0 pum. The first ferromagnetic
film 11 is formed of NigFe,, as a free layer and a film
thickness thereof is set to an appropriate value between

20 2 nm and 15 nm. The first ferromagnetic film 11 as the
free layer may be formed by a single layer film such as
NigoFegs, NiggFe;;001s, COgoNiggFezy, CogpFe or Co, or a multi-
layer film having some of those films appropriately
stacked. The non-magnetic conductive layer 19 may be

25 formed of Cu and a film thickness thereof is set to an
appropriate vale between 1 nm and 4 nm. The second
ferromagnetic film 13 may be formed of Co as a fixed

layer and a film thickness thereof is set to an



spacing, and the read spread is small. On the other hand, in the prior
art head, it is 0.9 [errlmwhich is 5 smaller than the el ectrode spacing

i ndicating the exi sting of dead zones. The normal i zed
output by the effective track wi dth of28he prior art head is 0.78 while
t hat of the head of the Eres nt i nvention i n3.95 which exhi bits the

10 i ncrease of 2BBFPBXiAEEeV§lUB0PFrer LoBR PP@ tARs  The, 88GPRd; hat t he

head of th ' ion,i '
'nthi's mannor FSEVBRABRCEAE Finli faarRab i Sexed 18YEr, haF BEL R shindrne

el ectrode spaci | I h 2 high A i MLt I Nt &l i th
the snal | rgadiggepg%rﬂgaéycghﬁg, &g\’}’?r?g‘f'f ﬁﬁr‘}gﬂ’éﬁé{%nﬁ%i gayecg? |2i‘1'3 @z;ér?gﬁgmw t

reproduct Ng apgar 8hUSokSa! R EIERLGAr! By 3n"halihbEkne of ERBSLLY:1hEe

mal f uncti on of fragnefic recording an produci ng apparatus is

reduced by HSngﬁ$§?rE§§Ql f stheked0 p@ﬁéeahthggegﬁhaanetic film 21 mayFl O-

7 shows a diagr a neasured relation e Output and the overlap

amount when thgeekgene@UJef Cr, MBRAH,Hand £ASf Il thidckredertlieteot is
It is seen fromFig. 7 that in order to 25 nmaintain the head output to not

| ower than 90%et tbsapproximheedst 30uhput, Thheanvéfbapomagnetinayibm set
to not smaller than 0.25 [err]m This is because no substanti al

21 may be formed of FespMns,, MngyIry, or NiggMnse. The

second ferromagnetic film 13 has the direction of

10 magnetization thereof fixed to bé directed to substan-
tially the plane facing to the medium by the exchange
coupling with the antiferromagnetic film 21. The
direction of magnetization of the first ferromagnetic
film 11 is set to the width direction of the magneto-

15 resistive effect film and the direction of magnetization
is changed to the direction normal to the plane of the
drawing by the magnetic field of the magnetic recording
medium. The antiferromagnetic film 21 may be substituted
by the permanent magnet.

20 The magnetic domain control layer 33 comprises

| a stacked layer having a permanent magnet film and an
orientation control underlying film stacked. The
magnetic domain control layers are arranged on the
opposite sides of the widthwise area which intersects to

25 the stack direction of the magnetoresistive effect film
10. The permaneht magnet film of the magnetic domain

control layer 33 may be formed of Co;sCr;oPtys or CozsCrieTa;s

and the orientation control underlying film may be formed



current flows in the wi dthw se end regions of the

- 24 - magnet oresi stive effect film210, that is, in the | ow
sensitivity regions and the current flows gnly in the hi gh sensitivity
central area so that the high output is ~ 29m‘aintained Thus, in order to
attain the high head w electr ? aci.ng,

the'leri " 2R *BRoht TBRqBeERankRt; RESBRY 4f1PnETorbe: FAGECTA Colipha 1
preeran’y a”ggaggP 0 pBFern 330 mal OBl BE M BY 86 ag%yos%a alshe

magnet or esi st not [err]m 10

On the other hagd %ﬁ%%ﬁdf%@w% oS £00 Lalgs, ddle, egésﬁﬁ of

Cr
the magnetic donﬁﬁ Yontr o I"ayer 12 arrgﬁgeﬁ onh the opposite i des’ of

the magneto-  oock %' ihb‘iﬁd%é%hﬁb' BrlBotoes ﬂ%lﬁa&aad ok@dkliewirgnahi C
sensing area. Nanely, 1n the Spin valve head of the 15 present invention,

the area i nswhpghdehgubRoRs! Z28L | WidS or TajOsibeiisd alddednd fningiisons as a
noi se generation source Is the end region inside the el ectrode 14. This

i's becausechbe,t vhet ogfichbathoasicogtirodl dnlprikéngufidm may beccurs in
this region. Accordingly, it is preferable 20 that the effective
ani sot ropi ¢ nagnétiedf.i eClealfémgtt fierromagnetic film 11 is controlled
to the single magnetic domain state by the magnetic field
generated by the magnetic domain control layer 33. The
10 magnetic domain gontrol layer 33 may be formed of a
stacked layer of an antiferromagnetic film, a ferro-
magnetic film and an orientation control underlying film.
In this case, the antiferromagnetic film may be formed of
an alloy such as PesMngy, Mngylry,, NishMng, or Cr,sMn,sPt,,
15 the ferromagnetic film may be formed of an alloy such as
NiFe, CoFe or CoNi, and the orientation control underly-
ing layer may be formed of Ta. The antiferromagnetic
film may be NiQO or CoO. In this case, the orientation
control underlying film may be omitted.
20 The pair of electrodes 31 are stacked on the
magnetic domain control layer 33 and a portion of each
electrode is stacked on the antiferromagnetic film 21.
The stack width 53 of the electrode and the antiferro-
magnetic film is set to 0.5 um. Namely, since the width
25 51 of the magnetoresistive effect is 2.0 um, each
electrode 31 is stacked on the magnetic domain control

layer 33 and the antiferromagnetic film 21 while

mainlining the electrode spacing 52 to 1.0 pm. Each



wi dth of the magnetoresistive effect filmwhich is |arger t han the
biasing field by the current (approximtely 5 ~ 10 Qersteds) is applied
to the first ferromagnetic film18 by the nagnetic dormai n control |ayer
12 at the 25 end region of the el ectrode. 30 Fig. 8 shovvs a

di agram of a rel.ation of _the st ance t he magl etic do control
layer 12 and SleGtredg ﬁécWebgn%Hﬂegp cffﬁa &t e (3'1‘381’1 R = s‘e‘rﬂﬁ%s

- 25 - distrl tiqn e effective ani sotropic magnetic fleld

al ong the wi dt 5 t&“ éurlorrs 1"ferromalgnetlc filma18. It I s assuned here

that only the magnet | zat '59.'3_; ag} 1t BB & g:)ectlo‘h‘%ﬂlmvl'e% %tfv%n%l%inbg}#lg’eorder

w dt hwi se (magnetic domain control l'e I'S seen from

to set the nRlalie Ginlivh HYEOEMORIXG JERGRRN & Ml dr0 ¥ isisldRr dfhan
10 Qersteds, the distance fromthe nagnetic domain control layer 12 may

be not |arger thanabdver ElMoyTlaiss thd antified-rondigtealilce flillad 2ihe Izaft and
right end positions 10 inside the electrode 14 (at the chop end) are
arranged to shiveni dmeFifgr.oml,hehs cttlawks el ierdtiosi tfortheomagneto-
magnet oresi stive effect film10 by not larger than 2 [err]m Nanel vy,
the overl ap anmeststdvet lef feicgctfidae 14 angd the antiferromagnetic film

21 is different from that of Fig. 10 and the magneto-
resistive effect film 10 is stacked on the antiferro-

10 magnetic film 21. Thus, the pair of electrodes 31 are
stacked on the magnetic domain control layer 33 and a
portion of each electrode is stacked on the first
ferromagnetic film 11. The antiferromagnetic film 21 may
be substituted by the permanent magnet. The thicknesses

15 of the respective layers are same as those in Fig. 10.

Fig. 12 shows a sectional view when a dual spin
valve head which is an application of the spin valve head
is used to enhance the sensitivity of the spin valve
head. In this case, the magnetoresistive effect film 10

20 comprises sequential and direct stack of a second
ferromagnetic film 13, a non-magnetic conductive film 17,
a first ferromagnetic film 11, a non-magnetic conductive
film 23, a third ferromagnetic film 15 and an antiferro-
magnetic film 22 on an antiferromagnetic film 21. The

25 first ferromagnetic film 11 is formed of a single layer
film of NigFe,y, NiggFe ;Co1s, CogoNigoFes,, CogFe; or Co, or
a multi-léyer film having some of those films

appropriately stacked, as a free layer and a film



preferably in the range between 0.25 [err]mand 2 [err]m 15

Fig. 9 shows a relation between the head out put and t he | ongitudi nal
bi as ration when the el ectrode spacing is as small as 1.0 [err]m in
conparison with the prior art head. - 31 - It is seen fromFig.

9 that in accordance with 20.the head of the present invention,_ the
i nfl uence of t ﬁg‘“’ineﬁﬁ’gt’r& FEY *Q G PPRTERTGTS V@ SHEET rolfdy ey 12

[ t i ed h i f the | | t udi nal_.hi ti th [
the magni tude Bt na RugvEcearetis sPrstive fidta Seshdhe aomvol
layer 12 is la&ﬂ%net'?ggonductivg E&lﬂpggrS%QC%éMf%anﬁeo&r%ﬁe%Bd a

enbodi nent, the uction of the outp may be suppressed even if the

el ectrode spaciengy tniefnesd a5 @ HROAN Wdprdbrilte valuP@eRbider el d of
t he magnetic domain control layer 12 is

- 26 - singmeanad 4ameh.t henldl glbcomldp Herkend gl ike fanaviidednd the

By stacking the el ectrodes on the nagnet o- resistive effect layer, a
contact resistahiedbdereeomnaghetic fdllactiSotesy ded folkrmedngifeaosdnigile ve
effect filmnmay be 5 reduced (1 ~5 [err] in the prior art while not

larger than 1 layefrefiflm suche asr €oanNigiRepnt i WipFeACOn,diCogiNi 20 F ¢ - herd
notse CogFey9, Or a multi-layer film having some of those films
appropriately stacked, as a pinned layer and a film
10 thickness is set to an appropriate value between 1 nm and
5 nm. The antiferromagnetic films 21 and 22 may be
formed of an alloy such as Fe,Mng,, MngeIry,, NisMnsy, or
Cr,sMn.sPt;,, or an oxide such as NiO or CoO. The
antiferromagnetic films 21 and 22 may be formed of the
15 same material or different materials, or they may be
substituted by the permanent magnets. The thicknesses of
the respective layers are same as those in Fig. 10.

The positions and the thickness of the magnetic

domain control layer in Figs. 10-13 have the same
20 relations as those in the Embodiment 1.

A characteristic of the head shown in Fig. 10
as an example of the spin valve head of the present
invention is shown below.

Fig. 14 shows a comparison of reproduction

25 characteristics of the spin valve head shown in Fig. 10
and a comparative AMR head having a portion of the
electrode formed on the magnetoresistive effect film

shown in Fig. 13. In the AMR head shown in Fig. 13, the



and unnecessary heat generation can be suppressed. When t he

head of the present enbodi nent is used in the foll ow ng apparatus, the
apparatus with reduced 10 malfunction is attained. For exanple, a

magneti c recordi ng appar at us qonprisrnéza'nagnetic recordi ng medi um
for magnetically recording.i.nfor I Qn roduci n

e re head .f o
transduci ng a RGEonT e Fefiidect fﬁqé‘] 49 & d:"fsreo“"mg"t t‘?etaf?dﬁét]iaé’er
recordi ng medi um t.Q l.ectrical, si |..ang,.a {r.epnr. [ irguyit for
processi ng theog: &% ?@céfljﬁ%‘} glr;lldl & ﬁ%ﬁ%&;&gﬁ%d%a rllgj—i%’%r‘pq;neeflélt;Qj %nc#\ﬂeztbn
apparat us conpr,i,sin | 1] : f | rpoduci ng
apparatus, a réc?i’rd%r?ge h@lee%&d Iiép(}%or%g%n%glr zﬁﬁtﬁgit:q%l%zn&%sé%dglﬁéﬁ&eo
representing aighagl! geci:t}{é GRlatd $lorandN AN I hAIE 1ok IERIASIYd NY
t he ~ magnetic fi'el d stored in the magnetic recordi ng nedium
[ Embodi nent 52] 31 is stacked onFithhe LoitIFRNMTohmaR@RUIIAIC @t @held MR &iGm
facing ~to a nmedium of a spin valve head in accordance with a 25
second enbodi mant (ahet kid spadeentf rony ehisl magneuidridpmalith, contrdlhdagmm
val ve head (giant magnetoresistive effect head) constructed as a
repr oduci ng ma@3ettor ddies teinde off ftdet elemtrode 3dor(wviesdapa ameprdt)or-esiThe ve

effect film 10, a magnetic
electrode spacing 52 is fixed to 1.0 um, and when the

overlap amount 53 is changed, the width 51 of the

10 magnetoresistive effect film is also changed. As shown
in Fig. 14, for the comparative AMR head of Fig. 13, the
output does not increase significantly even if the
overlap amount 53 is increased. On the other hand, for
the spin valve head of the present invention, the

15 increase of the output is significant when the overlap
amount 53 is increased. The increase of the output in
the spin valve head is due to the fact that no
substantial current is flown in the widthwise end regions
of the magnetoresistive effect film 10 at which the

20 sensitivity is low because of the influence by the
magnetic domain control layer 33, by overlapping it by
the electrode 31 and only the output of the high
sensitivity central area is taken out. On the other
hand, it has been proved that this effect does is not

25 prominently observed in the AMR head because the
magnetization status in the area in which the electrode
31 of the magnetoresistive effect film 10 overlaps is

significantly different from that of non-overlapped area



- 27 - domain control layer 33 and a pair of electrodes 31. The

magnet oresi stive effect film 10 has a plurality of filns havi ng a
di mensi on corresponding to a track wi dth of _the magneti ¢ recording
medi um stacked in a nulti-I|ayer 5 struCtdre” The

mul ti-layer film rises a first, ferro- etic film211l

non- magnet i ¢ cg’ﬁd%&r‘;&vé" CREPR L, A &'educeéie@éﬁg%&eﬁ%ﬁeﬁ]hcé film13. An
antiferromagnetic _film i t acked t f.err ghetic film
13. The 10 nd‘é‘ﬁé"teg‘ﬁélstl s?tfi %i‘ee?’fuz‘gtu(i:f‘i I #’%O%%ﬁ%%%%%nﬁ et%rrggrragnet iC
film21 of thewg§5 L=l [ t [aToTaTo 1Y
thereof are cu u%kglﬁqfﬁapgﬁ%g \%Au%t ﬁ:gé%qxea%egp%lphgnr%agnet o%rvteeg:lls i
ef fect film 10veuy Shalld d9f ihefl spin vave HEMd GF e prlosdh i dihs of
the first ferro- “15 nmagnetic fil'm 11, the non-nmagnetic conductive film19
and  thg sqeqeétion.omamiel ie uenth3)ihes fady eteiterdliaetgnetiza-

di nensi on, for exanple, 2.0 [err]m The first ferromagnetic film1ll is
fornmed of Ni[eriphe[stiatle af ahler eedondefexrdmaghnetic £ilm Hilckrsedmrtdhareof
is set to an appropriate value between 20 2 nmand 15 nm The first

f erromagneti ¢ el whahged tiye the cummeat.aydcoradimglivor d¢ Hpin stadgtee

| ayer filmsuch as Ni[err]Fe[err], Ni[err]Fe[err]Colerr],

Co[ err] Ni [ err] hepér off, the Prepeatedyvention ofifexrsman @effect qfayer film

havi ng sonme of those fil i _ ' _
Condugt ive | ay&nhfg‘ecﬁf;g ea%%:%%rtl ?)tyelfyorming %:Hxaec li)%ci'ti-g;xe or}or{hr(raagnet Ic

10 electrode 31 on the antiferromagnetic film 21.

is
ve

An optimum value of the overlap amount was then
determined. It is seen from Fig. 14 that in order to
maintain the output of the head of the present invention
to not smaller than 90% of its maximum value, the overlap

15 amount 53 may be not smaller than (.25 um. Thus in order
to attain the high sensitivity head with the narrow
electrode spacing, it is preferable that the left and
right ends at the tip end of the electrode 31 are
arranged to be inner than the widthwise ends of the

20 magnetoresistive effect film 10 by not smaller than
0.25 uym. On the other hand, when the overlap amount is
too large, the effect of the magnetic domain control
layer 33 arranged on the opposite sides of the
magnetoresistive effect film 10 does not extend to the

25 magnetic sensing area. Namely, in the spin valve head of
the present invention, the area in which the magnetiza-
tion is most instable and functions as a noise generation

source is the end region at the tip end of the electrode



25 fornmed of Cu and a filmthickness thereof is set to an appropriate

val e between 1 nmand 4 nm The second ferromagnetic film 13 may be
formed of Co as a fixed | ayer and a filmthickness thereof is set to
an - 928°- appropriate val ue
between 1 nmand 5 nm, The second ferromagnetic film1l3 as the fixed
| ayer may be a3di-ngfBis 1s %Efépsﬁ thes daf f5 Cﬁbkﬁfﬁ@F@rFﬁg presence

Ni F Co Co ' AR ?
N e el er ) GRheLbhond 85 A0 ShTBke HaknoRLeToLAE 8 ko cxpler®: ©
The antiferromggnelisg ekl BnthEboundary® otOtid Hgfohl! f HMUGI LA ]

and a filmthickness thereof 1s set to approximately 30 nm

antiferromagnetic ;ki ferabld WRWtDenEOEFRe2f veehahi sbVropild magnetic
Mn[err]lr[err] or Ni[err]Mferr]. The second ferromagnetic film 13 has

the directign gfield0aneagettheaitiatht ber ehe hayndtoebe stiivecedddor Fuhst an-
tially the plane facing to the nedi um by the exchange coupling with

t he antiferromagnehichf ikmhighefhehan thei bdabiog obgmedriet ifdaflidodyofchishe
first ferromagnetic film1ll is set to the width direction of the
magnet o- 15 r esirsente (epbroximatelyng tie 18§ Oegstedsif Lsagmeliiag: iton

is changed to the direction normal to the plane of the .drawi ng by the
magneti c fi el dtbe fA&skafesrrnagaesig gd¢lm 11 by the magnetic domain

control layer 33 at the end posifions of the electrode.
10 Fig. 15 shows a diagram of a relation between
the overlap amount 53 and the effective anisotropic
magnetic field along the width of the magnetoresistive
effect film 10 at the electrode end. It is seen from
Fig. 15 that in order to maintain the effective
15 anisotropic magnetic field at the electrode end position
to not smaller than 10 Oersteds, the overlap amount 53
may be not larger than 2 pm. Thus, it is preferable that
the left and right end positions of at the tip end of the
electrode 31 are arranged to be inner than the widthwise
20 end positions of the magnetoresistive effect f£ilm 10 by
not larger than 2 um. Namely, the overlap amount 53 for
the electrode 31 is preferably in the range between
0.25 ym and 2 um.
Fig. 16 shows a diagram of a relation between
25 the output per unit electrode spacing (1 um), that is,
the sensitivity and the electrode spacing for the spin
valve head with the overlap of the present invention and

the prior art head without the overlap. In the spin



medium The antiferromagnetic film 21 may be substituted by the

per manent magnet. 20 The magneti c domain control |ayer 33
conpri ses a stacked | ayer having a permanent magnet filmand an
orientation control underlying film stacked>® The nmagneti ¢ donai n

control |ayers are arranged on the opposite sides of the w dthw se

a][ ?a whi ch i nt ¥ad@& & of thfe RRERGP i AT O ot tre"‘rf‘e B @t ve
effect film 10. The, .per manent naanet Li.l t ' omi
control |ayer ﬁwpé’@%%&g’ gz\%eoa‘fl_e ?] éfrh_[lecrrﬂr ?‘Iﬁe[ reza?lr%@%{b%é 032d Vs
coferr] & [err] Tl i ferrdilibrdtd 14135 31 A @Y [, WPIEnd Radig BTy
e formed . . - 29 - of Cr. The

per manent magnele fiambioddiermanative Ridt £ilm G danale 33 may be

formed of an alloy such "as Co[err]Pt[err], or an alloy such as

Co[ err] Cr [ ery | RieRitidodeCalpidily [52r iditad arrd .un{.CoRtt, is sedZ0@rRim imiat udi ng

oxi de or CoCrTa including oxide) wth an 5 oxide such as Zr(Jerr],
SiJerr] or Tale rghdterin desiomiaaddedei tin tthe head ofcddws preseanti ent ati on

control underlying filmmy be omtted. The first ferromagnetic film
11 is control | gorventiam tthe diigll eenegidityldmmineigitaingsy avrn ndpTeti
field generated by the nmagnetic donmain control |ayer 33. The 10

nmagneti ¢ donai rthsoelesttnade sEEing ise a0 sRad lofas 0.5 um as opposed to
the prior art head.

10 In the spin valve head of the present
invention, because the electrode 31 is stacked on the
portion of the antiferromagnetic film 21, the magnitude
of the read spread was measured by the microtrack
characteristic for comparison with the prior art. The

15 electrode spacing is 1.0 pm in each case. The microtrack
characteristic is determined by recording a signal in a
narrow area having a track width of approximately 0.2 um
on the magnetic recording medium, and moving the signal
of the microtrack under the head. In the head of the

20 present invention in which the overlap amount 53 is set
to 0.5 uym, the half-value width of the microtrack
characteristic, that is, the effective track width is
1.0 um which is equal to the electrode spacing, and the
read spread is small. On the other hand, in the prior

25 art head, the effective track width is 0.9 pum which is
rather narrower than the electrode spacing. Thus, the
outputs of the head of the present invention and the

prior art head were normalized by the effective track



stacked | ayer of an antiferromagnetic film a ferro- magnetic film and

an orientation control underlying film In this case, the
antiferromagnetic filmnmay be formed of an all oy such as
Fe[err]M[err], Mlerr]ir[err], Ni[err]M&6r]- or Crierr]Ml[err]Pt[err],
15 the ferronagnetlc filmum be forned of an Ion such as Ni Fe, CoFe

o][ _CI:‘ONl Thand tﬁ?-ddﬁ}ﬁ &GP Tl M & Irfs hr?g noxa 4A8A ¥R red
otientation Of CHiR AL Ay ﬁeﬁé* A Mg a8 e of gpd Hed B L8

pair of electr S qg§ Nt ontrol | ayer
33 and a portlg-'gl%ofp%sae:{& T eé)t%ro eq}‘ sgsstwac ed on t e an'Itbl erromagnetic
film21. Q;ﬁ‘) g} *20553 ofrit Ng YR i Ad R RNILRINO-that
magnetic filmis set to err]lm Nanmely, since the width 25 51 of the
magnet or esi sf i Wi eLHe de t&xé) p[x%’sfdﬂ% iepsdhtion i8¢ eddvatttagbbus siteaacked on
t he magneti ¢ domain control | ayer 33 and the antiferromagnetic film 21
whi | e mai idhenipig drheardl édadnde spacing 52 to 1.0 [err]m Each

- 30 - el ectrode 31 may be forned of a | ow resistance netal such

as Ta, Au or Cu. In this Rmiagneld, stowse dheedtiginadensidwwifta ®ay n
val ve

be maintained and the read spread is small even if the
electrode spacing is small, when the magnetic recording
10 and reproducing apparatus is implemented in high track
density, the malfunction of the magnetic recording and
reproducing apparatus may be reduced by using the head of
the present invention.
Fig. 17 shows a diagram of a relation between
15 the output of the head and the longitudinal bias ratio
when the electrode spacing is as small as 1.0 um, in
comparison with the prior art head. As shown in Fig. 17,
in accordance with the head of the present invention,
even if the longitudinal bias ration indicating the
20 strength of the magnetic field generated by the magnetic
domain control layer includes variation, the influence
thereof is not directly presented and the variation in
the output can be suppressed low. Thus, when the head of
the present invention is used, the head with a high yield
25 can be provided. Further, since the high sensitivity may
be maintained even if the longitudinal bias ration is
high, the malfunction of the magnetic recording and

reproducing apparatus may be reduced by using the head of



head whi ch uses an oxi de such as Ni O or CoO instead of 5 the above all oy
as the antiferromagnetic film21l. As shown in Fig. 11, the stack
direction of the magneto- resistive effect film10 and the
antiferromagnetic film 21 is differen8’fromthat of Fig. 10 and the
nmagnet o- resistive effect f|In119E£s stacked on the anj.iferro:

magnetic fil m Zhe ‘Pﬁ’-'&sentthemﬁ’zﬁnrm(?fn ang; sy deanethe recording .and o, the
magneti c donaln cont | ayer 33 and t
sodtuding ARnaTaiiie oy me AbEre i YRl R AR F 1

stacked on the TS an I fer

21 may be substltut gqgwd;%}ﬁ%é;??ﬁﬂmgof e ﬂé&&ﬁ@mﬁfw of

the respective layers ar

shows a sectio S

&éﬂfq% Y & &gaAd AtV hda & ¢
appl i cation ofque é%ﬁ% va ve%%gﬂ? y1uSlT%églto enhance the sen&tn%ﬁty
of the spingvalyRsent iHRAGtildh WHiSil<L afstt il RISy iSsididae widect film

10 20 conprisés sequential and direct stack of a second ferromagnetic
film13, a nonymgRat it eendiust iae (Fid.m The spin ardlivesthdaat refiregreet i c film
11, a non-magnetic conductive film23, a third ferromagnetic film 15
and an anti ferprior artmgEetdlsd ineaiirash wrlaanttifee reagrengregtd ict gt m Zn
The 25 first ferromagnetic film1ll is formed of a single |ayer film
of Ni[err] Fe[erutle pququnuﬂhgaqxuﬂhgwasqgﬂumnqnmxe9ﬂ13¥qnﬁ Jcalled
Co[err] Fe[err] or a multi-layer film haV|rm% %pe of h%§e films
in the head of the

appropriately &%@@crk%u%?q el gyl ohreryad (while

10 present invention, the Barkhausen noise is suppressed.
This is because the spacing 52 of the electrodes 31 is
set narrower than the width 51 of.the magnetoresistive
effect film and no current flows in the end regions of
the magnetoresistive effect film 10 which are sources of

15 generation of the Barkhausen noise so that the Barkhausen
noise is not sensed. Thus, even if the strength of the
magnetic domain control layer 32 is sufficiently high,
the generation of the Barkhausen noise is suppressed, and
when this head is used in the magnetic recording and

20 reproducing apparatus, the malfunction of the magnetic
recording and reproducing apparatus may be reduced.

By stacking the electrodes on the magneto-
resistive effect layer, a contact resistance between the
electrodes and the magnetoresistive effect film may be

25 reduced (1 ~5 Q in the prior art while not larger than 1
Q in the present invention). Accordingly, the head noise

and unnecessary heat generation can be suppressed.



- 31 - thickness is set to an appropriate val ue between 2 and 15

nm The non-nmagnetic conductive film 17 and the non- magneti c

conductive film23 may be forned of Cu and filmthickness is set to

?n appropriate value between 1 5 nm armd3# mm  The second ferromagnetic
I1m 13 and the third ferromagnetic film 15 may be fornmed of a single
layer film suctkBRPO8IMSGY &)1 Fe[err], Ni[err]Fe[err]Co[err],

Co[err]Ni F , . E . e | i {s '
those 111 ms " FdSir St EHEAS, <L eitieme e B de oled dmPaY! N0

sone of those filns S , as a plnned layer
film 10 thick ra% ;R AR RA WAL Hdal RelRE xbodi- S
nm The antifer%l nng?nélt%?rt’:lstfjﬁg?rs 21 éﬁ'g‘r 22 maey be forllrrnéc}mgc an oz;illl oy

such as Fe[err eer 11l anh[edd thee Malon Ndr@Fildily Idf fifct reproducing
Cr[err]Wn[err]Pt[err], or an oxide such as NiO or CoO The

anti f erromagnetiead.i | Mhe? prassénd? appadaedsorine prafvilderl wikisamelingt erial or
different materials, or they may be substituted by the pernanent
magnets. The t hotatdsgeshafft 64 ankde ar egdectlieyedtapets dog stmtang hdse in
Fig. 10. The positions and the thickness of the magnetic
donmi n control atapehiigh Epged,1@n3 dngy en Pduwaddt e dtatd dis & t hose in

t he Enbodi nent 1. . A characteristic of the head shown in Fig.
10 present embodiment) disks 40 are mounted on the disk

rotating shaft 64 at a predeterminéd interval. Thus,

10 each disk 40 is rotated in union with the disk rotating
shaft 64. The disk 40 is a disk having predetermined
radius and thickness, and permanent magnet films are
formed on both surfaces thereof to form information
recording planes. The present apparatus is also provided

15 with a head positioning rotating shaft 62 outside of the
disk 40 and a voice coil motor 63 for driving it, and a
plurality of access arms 61 are mounted on the head
positioning rotating shaft 62, and recording and
reproducing heads (hereinafter referred to as heads) 60

20 are mounted at a tip end of each access arm 61. Thus,
when the head positioning rotating shaft 62 is rotated by
a predetermined angle, each head 60 is moved radially on
the disk 40 and positioned to a predetermined position.
Each head 60 is held at a height of several terns nm from

25 the surface of the disk 40 by a balance between a
floating force generated when the disk 40 is rotated at a
high speed and a pressure by gimbals which is a resilient

member forming a part of the access arm 61. The spindle



as an exanple of the spin valve head of the present I nvention is shown

bel ow. o Fig. 14 shows a conparison of reproduction 25
characteristics of the spin valve head sho in Fig. 10 and a
conparati ve AVMR head having a portion of 7t - el ectrode fornmed on the

nmagnet or esi sti ve eff fid Phe voi%réom(/:noiiln é:j %rel%oz{n%?i AR head. shown

in Fig. 13, t h&

R e B PR S, e g1
out put s Measiet Wl I and KNG it WelthShetla tge, area on which

the el ectrode 'S stac ed on tthe antiferromagnetic 21 or the MR film

41 (the distance from t herigAONAY IS N1 Wakss of a3 rddudtierend
of the electrode 31 (overlap anount)). The el ectrode spacing 52 is

fixed to 1. G [ efydenrevttdsien Hemwl of theerdmmeantounveaiziion chartged, the
width 51 of the 10 magnetoresistive effect filmis also changed. As shown
in Fig. 14, fopxesendomibmtiien AvRdcexppfisas anippar shielstfikm does
not increase significantly even if the overlap amount 53 is increased.
On the other hai$, faorlower megnsdiie e Mk dagosited tdanfon nan iagh,

t he
upper magnetic film 185. A non-magnetic insulating

material 189 is deposited between those magnetic films.

10 A portion of the insulating material defines a magnetic
gap 188. A support is in a shape of a slider having an
air bearing surface (ABS) and it is in a close and
floating relation to the disk medium which is rotated
during a disk file operation.

15 The magnetic thin film head has a back gap 190
formed the upper magnetic film 185 and the lower magnetic
film 184. The back gap 190 is spaced from the magnetic
gap by an interleaving coil 187.

The continuous coil 187 may be formed by

20 plating on the lower magnetic layer 184 and is electro-
magnetically coupled thereto. A center of the coil 187
is filled with an insulating material 189 and an
electrical contact is provided therein, and a larger
region is defined as an electrical contact at an end of

25 an outer terminal of the coil. The contacts are
connected to external wires and a read/write signal
processing head circuit (not shownj}.

In the present invention, the coil 187



15 increase of the output is significant when the overl ap anount 53 is
I ncreased. The increase of the output in the spin valve head is due to
the fact that no substantial current is flown in the w dthw se end
regi ons of the magnetoresistive effect %% I'm 10 at which the 2

0
conirol | hyer * SSRUBRGREE 18 e AR SR 4 o B AR,
out put of the hj . SN tivit r r is ta ut ot her
hand, it has bregelﬁﬂﬁs&/le ' E ety A B e ity (G108 psreo(%}'née]{rhejl y
observed in thear@wi&ead@cﬁﬁ%eggl%st £ JTRANE bl e A %%a?ﬁ,u%ricf‘ dfie area

I n which the el ectrode the magnetoresistive effect film10

overlaps is  sedtdiddiCatday ghddweriant ifroxaddl «f ron<vRHaIed riea
- 33 - so that the output is reduced and it cancels the I ncr ement

of the outp@ . thee mligrietrienemp.n t he magneti zati on state due to the
overlap and non-overlap is very small in the spin valve head of the
present 5 invention. Tihe iedldpdito adid  @ote tdrxtangeasl hejiwsenr the tion
state of the second ferromagnetic film13 is hard to be changed by the
current. Accor diask gan HEGsgind whe @agnetic gap 188 at a relatively

high density and the width or section diameter of the
coil is small in this area. Further, the large section

10 diameter at the area farthest from the magnetic gap
causes the reduction of the electrical resistance. The
elliptic (oval) coil does not have corner or sharp edge
and the resistance to the current is low. The elliptic
shape reduces the total length of the conductor, as

15 compared with a rectangular or circular (ring) coil. By
those advantages, the total resistance of the coil is
relatively low, the heat generation is low and appro-
priate heat dissipation is attained. Since substantial
amount of heat is reduced, the break, expansion and

20 shrinkage of the thin film layer are prevented and the
cause of the ball tip protrusion at the ABS is removed.

The elliptic coil in which the width changes

substantially uniformly may be deposited by a
conventional inexpensive plating technigque such as

25 sputtering or vapor deposition. In a coil of other
shape, particularly in the coil having corners, the
deposition by the plating is apt to be non-uniform. The

removal of the corners or sharp edges presents less



head of the present invention offers an effect of enhanci ng the out put
by formng the portion of the 10 electrode 31 on the antiferronmagnetic
film21. An optimum val ue of the overlap anmount was then
determined. It is seen fromFig. 14 that 7 #lorder to mai ntain the

out put of the hea(;l of, the present inyentji.on to not snaller than 90% of
its maxi mum vaMfe W%vgq%ﬁfs & u‘JTﬁn‘?‘}S SE be not smaller than 0.25
[err]m  Thus in order t.q attain the hi I tivit ] e
naar ow ] el ectrode spac]irhgt?lel tpr%sse&tefeer&rﬂacgﬁeﬁ%g’t tj[1}1ée ‘%loelﬁafajﬁ%@({] kg}Fia}\:]ht
ends at the ti g{};&f ; de Rl el e i & NASEed han
t he wi dt hw se gln S (#%é}gﬁx%ﬁ%%%etorem Sq[eilz/eet ef fxfact f??énﬁl%&b%/ noteé

smaller than ;5 Qrdididimy @i ad@ning\aie the-oMs | Biardmamnt

S too large, the effect "of the magnetic domai n contr ol | ayer 33

arranged on 4 he,fopMsiddl Sigeril I eincread®y g Aesgods Vierand figed film 10
does not extend to the 25 magnetic sensing area. Nanely, in the spin valve

head of t hagireasientgapventtilen badle gaeaso thdt cthe el gretheiitzaut
tion is nost instable and functions as a noi se generation source is
the end regi on iatcrdesds mehdhsf hdat gegsraddeon decreases.
I In the present embodiment, the upper and lower
magnetic films of the inductive type recording head are
10 formed by the following electric plating method.

The inductive type thin film magnetic head
having the upper and lower magnetic cores frame-plated
under the condition of pH: 3.0 and the plating electric
density: 15 mA/cm? in the plating bath containing Ni™:

15 16.7 g/l'and Fe**: 2.4 g/1 and conventional stress
relaxing agent and surface activating agent was formed.
The track width is 4.0 um and the gap length is 0.4 um.
The composition of the magnetic film is 42.4 Ni-Fe (% by
weight), and the magﬁetic properties are; a saturation

20 magnetic flux demnsity (Bg): 1.64T, a hard axis corecivity
(Heg): 0.5 Oe and a specific resistivity (p): 48.1 plicm.
The upper magnetic core 85, the lower magnetic core 84
which also serves as the upper shield layer and the coil
87, the magnetoresistive effect element 86, the electrode

25 for supplying a sense current to the magnetoresistive
effect element, the lower shield layer and the slider are

provided. The crystal grain diameter of the magnetic

core of the present embodiment is 100 ~. 500 A and the hard



31. This is because the difference between the presence and absence of
the biasing magnetic field by the current Is created on the boundary
of this region. Accordingly, it is preferable that the effective
ap;sotroplc magneti c 5 field al ong the-wi4d it of the magnetoresistive
effect film 10 which is higher than the hiasing nmagnetic field by the
](c:ur rent (appr o@%ift Aqreriveitih s mtedarIsr atﬁlﬂr} e1d'gq cpeg' the first
erromagnetic film 11 by the magnetic domain .. cgntrol | . t he
end positions of the el eé}}%&e_&n%nance n?iovem’ﬁeg.c % %%a'ysg{lﬁgg&am of a
rel ati on betwe QVer ' ifg%ﬁ I C
magnetic fiel d%g}eorﬁe%#gdl%}ﬁt}#aa% ac{%tajcl:ﬁn%gjn}e. or e%%‘iﬁ%r{e@ﬂ \ﬁgﬁ%ct |§Hr:1 10
at the el ect ro‘iﬁ.!l fe%aé&réé_a%f‘o?flé 'GRibitdd %n exddBledt) ¥ qigy mintain

the effective anisotropic magnetic field at the el ectrode end position
to not smaller ddiarbrifhfeRs &5@%&&@1@&%%@@%@&&% high NEByedeer®f
| arger than 2 [err]m Thus, it 1s preferable that the left and right

end positions qi;ég dﬁunainnzﬂuk(ﬁigﬂut. el ectrode 31 are arranged to be
i nner than the widthwi se 20 end positions of the magnetoresistive effect

film 10 by not | argeighadl BHaws Janpdimmativehecanarptaphamoiew &G f or
the el ectrode 31 is preferably in the range between 0.25 [err]mand 2
[err]m a magnetig gheas hetwiveg dthit agrduntoive: tepatretPEtingdrads

t he output per unit electrode spacing (1 [err]n), that is, )
of the present invention and the magnetoresistive effect

10 reproducing head. The recording head having a lower
shield 182, a magnetoresistive effect film 110, a
magnetic domain control film 141 and electrode terminals
140, a lower magnetic film 184 and an upper magnetic film
183 are formed on a base 150 which also serves as a

15 slider. A lower gap and an upper gap are omitted in the
drawing, and the coil 142 creates a magnetomotive force
in the upper magnetic core and the upper shield/lower
core by the electromagnetic induction effect to from the
inductive type recording head.

20 Fig. 22 shows a perspective view of a negative
preséure slider. The negative pressure slider 170 has a
negative pressure generation plane 178 surrounded by an
air introducing plane 171 and two positive pressure
generation planes 177 for generating a floating force and

25 further comprises an air introducing plane 179 and a
groove 174 having a larger step than the negative
pressure generation plane 178 at the boundary of the two

positive pressure generation planes 177 and the negative



the sensitivity and the el ectrode spacing for the spin val ve head with

the overlap of the present invention and the prior art head w t hout
the overlap. In the spin - 35 -
val ve head of the present invention, the‘oﬁérrap anmount correspondi ng

to the width which the el ectrqde 32 .cover t.he ant. ferromagnetic, film
21 is 0.5 [err FReS3YFS ﬁ?r\ﬁr&’tq"rf‘qg’l planeoflsthﬁ'e iy gt cﬁ’%%lﬁ‘"{feoq% Y film

is set to the |l ectr, ' : e 185 Fi
16 that in a_cc&!rildsgng% vﬁq}qﬁl % ﬁe Le%%(z)f&{ ge %irng’s[ehﬁ%a{d to rlgeni/dzent | on,&% ﬁren h= gh
sensitivity s japldt afd}ﬁ%e%eﬁfai\mf%e infid¥ma! i TR IRP A JHlet i api Bl |
as 0.5 [err]mas opposed to he prior art head. 10 In the

spin valve heagnf ANYRP'RHRYr for repiithicdhg RafRusEdh@talarifade e i s

stacked on the portion of the antiferromagnetic film 21, the magnitude
of the read sspheabrErdftlicad diy ddiarity Aymeithin fidhameirest ist ieddr
conparison with the prior art. The 15 electrode spacing is 1.0 [err]min
each case.  The eliementtr dc6 showrcHar &itger i&lt.i ¢ is determ ned by recording a
signal in a narrow area having a track wi dth of approxinmately 0.2
[err]m on t he nagnefWhen ddwr diegatist pResara@diinen R Gifgrats,

the air introduced from the air introduction plane 179 is
inflated in the pressure generation plane 178 but since
10 the air flow directed to the groove 174 is also formed,
the air flow from the air introduction plane 179 to the
air flow-out end 175 is present in the groove 174.
Accordingly, even if the dusts floating in the air is
introduced from the air introduction plane 171 when the
15 negative pressure slider 170 floats, they are introduced
into the groove 174 and flown by the air flow in the
groove 174 and ejected out of the negative pressure
slider 170 from the air flow-out end 178. Further, since
the air flow is always present in the groove 174 when the
20 negative pressure slider 170 floats and there is no
stagnation of air, the cohesion of dusts does not take
place.
Fig. 23 shows an overall perspective view of a
magnetic disk apparatus in accordance with the embodiment
25 of the present invention. The present magnetic disk
apparatus comprises a magnetic disk for recording
information, a DC motor (not show) as means for rotating

the magnetic disk, magnetic heads for writing and reading



of the mcrotrack under the head. In the head of the 20 present invention

in which the overlap anpunt 53 is set to 0.5 [err]m the half-value
wi dth of the microtrack characterlstlc that is, the effective track
width is 1.0 [err]nlmhlch is equal fo ﬁhé electrode spaci ng, and the

read spread is_snal On the other hand, i.n the.prior 25 art head, t
effective t racﬁ‘\ﬁ d‘f‘ﬁolrglaﬁlgn[’erar PRSA (?ﬁlllng unit As Means, fOSWSHHES t he

el ectrode spaci,n Ehuii&gn@%lgr theﬁ‘%%t RYLS A n:gllgliﬁq:%% g, Tlhf}ﬁ_ol},; 3 ¥leor

i nvention and t S3d Aher & Ro fective

track 3 Wi n.
elativ he magnetic Sﬁ Fh &hat is, %hgéﬁﬁé tRRRd 30

As a result, the nornma |ze out put e prior art head is 0.78 while

that of the heg@ieh coill iRtRreSeRhd RHARE @il HdtdT MdnphiisesNiadReyidy
approximately 20% It is seen fromthe above result that 5 the head of the

present inventiceill anddkamag@nedus aQwerfig. 23Me fliveomaghietieadisks are

In this manner, since the high sensitivity may be mai ntai ned and the
read spread i smsumitiedevan onle tdotatingelshaiftode ipacieage thendddtalwhen t he
magneti c recording 10 and reproducing apparatus is inplenmented in high
track densisttpragiee caglaicdfyt.i on of the nagnetic recording and

The present embodiment allows the recording at

a high frequency region for a high corecivity medium, and

10 a high sensitivity MR sensor having a medium transfer
rate of not smaller than 15 MB/sec, a recording frequency
of not smaller than 45 MHz, high speed data transfer at
not lower than 400 rpm of the magnetic disk, a reduced
access time, an increased record capacity and an

15 excellent MR effect is attained. Thus, the magnetic disk
apparatus having a surface recording density of not
smaller than 3 GB/in? is attained.

Fig. 24 shows a disk array assembled by

combining a plurality of above magnetic recording and

20 reproducing apparatus. In this case, since the plurality
of magnetic recording and reproducing apparatus are
handled simultaneously, the information processing
ability is fast and the reliability of the apparats is
enhanced. Naturally, the performance of each magnetic

25 recording and reproducing apparatus (low error rate and
low power consumption) should be high and the high
performance combined heads are essential for this

purpose.



reproduci ng apparatus nay be reduced by using the head of the present
i nventi on. Fig. 17 shows a diagram of a reI”m ﬂ"”)m H”” 5
t he output of the head and the longitudinal bias ratio x § IH

el ectrode spacing is as small as 1.0 [err] 3 im conparison w th tthe*
prior art head. As shown in Fig. 17, i n accordance with the head of the
pr esent i nvent i"BHPT 1S QR&%M#?Qﬁﬁna| ongi tudi nal bias ration indicating the

20 strength of the magnetjc field gene et i . s i

control |ayer iTvcl udes VJL i%%q%nﬁo%%gl%‘fege%feé% ﬂ@ﬁeérée rlf%uﬁ%{mm "

directly presented and tQF#@ﬂﬂé%&{ghiéhive cf FECOUEPUL KRN RE Suppressed
~ the ' '

| ow. Thus, when the head o present 1 nvention is used, the head

with a high yigldhr£5 GrOe e 18y t her, since the high sensitivity
may be maintained“even if the longitudinal bias ration is hi gh,

the malfunction of the Magipldt ¢ KM Eatrol laye itieamged Rarehie!s
may be reduced by using the head of -

37 - t he praagsoditeveiddofirnghid anapensires iscioralieffeort] £ilm; and
reproduci ng apparatus nmay be operated with a | ow power. Fi g.
18 shows a di agram of t hea mesisturafrerteefrodes tskacked ceiuctaidingpaErebic usi ng
the spin val ve head of the
domain control layer and electrically connected to said
magnetoresistive effect film;
said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium, a second
ferromagnetic film of single layer or multi-layer having
a direction of magnetization thereof fixed, a non- |
magnetic conductive film inserted between said first '
ferromagnetic film and said second ferromagnetic film and
an antiferromagnétic film or permanent magnet film for
fixing the direction of magnetization of said second
ferromagnetic film;
portions of said pair of electrodes being
stacked on said magnetoresistive effect film; and
a spacing of said electrodes being narrower
than a width of said magnetoresistive effect film.
2. A magnetoresistive effect head comprising:
a magnetoresistive effect film having a

plurality of stacked films;

magnetic domain control layers arranged on the



5 present invention while setting the |ongitudinal bias ration to
| ow as 0.8. The spin valve head of the prior art was ﬂ“mmﬂ“ \“‘
under the same condition. In the prior art head, the Z“ s, Ofy
signal called the Barkhausen noise i s #served while i tfie head of the
10 present invention, the C{Bark usen, noi se i

because the sp&HBRAFEE 98k e?ﬁ’r%d’éasg%ﬁtc'fsrséssuipé)ég‘%se%afr‘?%ﬁ'/\egﬂrﬁ%irf??%e
wi dth 51 of the rmagnet oresi st.ij;/eqf eleeg zeé:cieg i:-lf{Q ng, G ﬁ%#d&@cl n
fTec i'C

the end regi ons of t e pn'aalgne oresi s{ ive e m 1 ar e

sources of 15 ﬂﬁ&grﬁa\t' t r#@%‘%] khaysen
noi se i s not sensed. ﬁ]d&{s{-jﬂ{alvelﬁ%’at e strengt é‘égfl?h%&ﬁ{eé{n%%i c domain
control layer 3gdretdtiddidiand Yed¥dlit £iimi he generation of the Barkhausen
noi se i s suppressed, and when this head is used in the magnetic

recording and 20 reprodud it retRRfEs s i StierdTad ff fised | Il fodnisr fggnetd ¢
recordi ng and reproduci ng apparatus nay be reduced. By

st acki ng the elfitgtdRarmddretingntilor of simgls Shaywer efrf entltybryen
contact resistance between the el ectrodes and the nagnetoresistive
effect film mayhadeing®®m digthateicon of-Snggnetiiiatidre thenrgofrchagged bwta

| arger than 1 [err] in the present invention). Accordingly, the head
noi se and maegnetdss frielk firom fe magnat icarerordings aadigim, a second

ferromagnetic film of single layer or multi-layer having
a direction of magnetization thereof fixed, a non-
magnetic conductive film inserted between said first
ferromagnetic film and said second ferromagnetic film and
an antiferromagnetic film or permanent magnet film for
fixing the direction of magnetization of said second
ferromagnetic film;

portions of said pair of electrodes being
stacked on said antiferromagnetic film or permanent
magnet film; and

a spacing of said electrodes being narrower
than a width of said magnetoresistive effect film.
3. A magnetoresistive effect head comprisiné:

a magnetoresistive effect film having a
plurality of stacked films;

magnetic domain control layers arranged on the
opposite sides of said magnetoresistive effect film; and

a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said

magnetoresistive effect film;



- 38 - [ Enbodi nent 3] Fig. 19 shows a [ '

a hard di sk apparatus using the spin valgve head shomASImnHMInmuumm
ments 1 and 2 as the magnetoresistive effect reproducing % Head. Thes *
present apparatus is provided with a disk 47 -rotating shaft 64 and a
spindl e notor 65 for rotating it at .a high speed, _and one or. plurality
oft(tmo inhtpe pr esefiel@nBBENREATFSHSERY 48f§?€tn5&ﬁpeﬁoﬁﬁrﬁﬁénﬂi§k
rotating shaft 64 at a predeterm ned.interval .. Thus 10 _each,di sk_40 i
Fotated’i n ani Shebt AOTRERAPEEEEL SHIGOE BIngRer (34RT SRoRUTL JOVEE b

di sk havi det i ned ) : :
fiims are " RRErAgqeof Foeighr Pacedifr esF PR Ene2Risr EhaRGRY nmanc!
recording pl an@ggnlbfcpgﬁtéigt fi‘BﬂaSafaHQ?é?%g %eceﬁiassﬂkleeﬁledlamv,w thcanhead

posi tioning rotating. sh 2 outside _ 40 and a voice coi
motor 63 for dphMi ffikh f@RdoRagnetBbUERhinkY o8f s26628S 1a48E 6% anatiount ed

on the head positioning rotating shaft 62, and recording and

reproduci ng he@ﬂﬁeéhﬁéeiﬂéfheaiEéEQibﬁdoEOmagnbeadakiﬁﬂ tRerabe waweted at
atip end of each access arm 61. Thus, when the head positioning
rotating shafta62irstr abatmdghegtic candnetiéver fided iasgirtedebetivkead 60 is
noved radially on the disk 40 and positioned to a predeterm ned
position. said first ferromagnetic film and said second ferro-

magnetic film and a second non-magnetic conductive film
inserted between said first ferromagnetic film and said
third ferromagnetic film;

said first ferromagnetic film being stacked on
said second ferromagnetic film;

said third ferromagnetic film being stacked on
said first ferromagnetic film; and

antiferromagnetic films or permanent magnet
films for fixing the directions of magnetization of said
second and third ferromagnetic films;

portions of said pair of electrodes being
stacked on said antiferromagnetic film or permanent
magnet film for fixing the direction of magnetization of
said third ferromagnetic film; and

a spacing of said electrodes being narrower
than a width of said magnetoresistive effect film.
4. A magnetoresistive effect head comprising:

a magnetoresistive effect film having a
plurality of stacked films;

magnetic domain control layers arranged on the



Each head 60 is held at a height of several terns nmfro | lfll H iﬁ“l
of the disk 40 by a bal ance between a floating force

the disk 40 is rotated at a hi gh speed and a pressure by gi nbals which
is aresilient menber formng a par t~ &8 tthe access arm 61. The spindle
- 39 - not or 65 and tléf voice cojl 63 are connected%fgeah,rd I sk
control ler 66 WRRIP LGRS (o SHhhoMHP St A LYS § t he

position of the head 60. secti pnal VIeMIOf an

shaws
inductive 5 type recor dlangpanleradnfofe]tef%trp&e%serﬁt ‘ﬂ?ﬁe‘%t‘?’bfa Fagnett @ ont
thin film head W?ﬁ{%%ﬁbf&gﬂ;? gl SfddiBical Jf % {@g&eﬂc

film 184 deposi ereon upper nagne

non- magnetic i Rl dtidibsist i & Mlctl & irs, deposited betmeen those
magnetic films. "10 A portion of the insul ating material defines a magnetic

gap 188. A support is in gnishapgyitcredidiavdal f-@eiln GripPeaiidt

surface (ABS) and it is in a close and floating rel ation to t he di sk
medi um whi ch | Eirsitatfadrromaghetiing il K fsimylaparpateoror mblti~-layer
The magnetic thin filmhead has a back gap 190 formed the upper

magnetic fil m 18&ing & kb temtediomagfhetdanetization thereof changed by a
magnetic field from a magnetic recording medium, a second
ferromagnetic £ilm of single layer or multi-layer having
a direction of magnetization thereof fixed, a non-
magnetic conductive film inserted between said first
ferromagnetic film and said second ferromagnetic film and
an antiferromagnetic film or permanent magnet film on
which said second ferromagnetic film is stacked for
fixing the direction of magnetization of said second
ferromagnetic film;

said pair of electrodes being arranged at
positions to flow current only at a central area of said
magnetoresistive effect film.
5. A magnetoresistive effect head comprisings:

a magnetoresistive effect film having a
plurality of stacked films;

magnetic domain control layers arranged on the
opposite sides of said magnetoresistive effect film; and

a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect film;

said magnetoresistive effect film comprising a



film184. The back gap 190 is spaced fromthe magnetic

I nterl eaving coil 187. The conti nuous Cjiluuﬂgﬂﬂiﬁimﬁjlnﬂt med

by 20 plating on the | ower magnetic layer 184 and is
magnetically coupled thereto. A center of~ th¥e coi| 187 is filled with

et oo #L ] e 00, s e N A LS o, o
end of 25 an %létveirnr%ea;rgriea Cﬁé\};ori relaefsﬁlgdr%r}et-& eat?ig&{ %{ésr&;ie chadl%él:é) rcwcz; ed

to external wires-a [ _ _ rocessing hea r t (not
shown) . magnetic |f1dNE MHGES & ind JHeNd Wbed i i iled B, a second

- 40 - constructed by the single l'dyer is of sonewhat distorted

el |'i psoi dal forgarith@AHetEEF BV idH S 115864 idiNatul ti-BwRer ifawidqnged
cl osest to the magnetic gap, and the sectional area gradually increases
as it is farther dirmotiod ef negiRitizafion thereof fixed,The wddiptic coils
are arranged between the back gap 190 and the magnetic gap 188 at a
relatively nlagyte tden sidndwarto weh f vilind tim ottt thetiwebmest isd  fofrgthe

coil is small in this area. Further, the | arge section

ferromagnetic film and said second ferromagnetic film and
an antiferromagnetic film or permanent magnet film
stacked on said second ferromagnetic layer for fixing the
direction of magnetization of said second ferromagnetic
film;

said pair of electrodes being arranged at
positions to flow current only at a central area of said
magnetoresistive effect film.
6. A magnetoresistive effect head comprising:

a magnetoresistive effect film having a
plurality of stacked films;

magnetic domain control layers arranged on the
opposite sides of said magnetoresistive effect film; and

a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect film;

said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium, second
and third ferromagnetic films of single layer or multi-

layer having a direction of magnetization thereof fixed,



not have corner or sharp edge and the resistance to tthe®cutremt §s
The elliptic shape reduces the total -1 &fgth of the conductor, as
conpared with a rectangul ar or

i, | i, Qi l. B h
ﬁdvant ages, thé& tfdtrzfll t m)@é:ml{ﬁcu%a@ 1%{1,9512 ilm ’Trge&?%ltgﬁoqs"feﬁ&n t he
t ti i, [ Q- . j.ate heat di ' ' i i d.
S nce subst ant Pt AT SR ange i 0 AN A Sl HRTL B4 on and
20 shrinkage Oinaté?x% i il YRS P HOEHLHANT [ UhguctGA'SE 9f the
at” the A 'S e ﬁl

10 dianmeter at the area farthest fromthe magnetic gap JI u t
reduction of the electrical resistance. The el lipti minw ﬂ#mﬁ
| OW.
15

ball tip protrusiton renoved. el 11 ptic coi

i n which the wiqi 6hangRs veen HAAY 3N |96 Rl T84 188 ARPARILLd by
a conventional 1 nexpensive plating technique such as 25 sputtering or
vapor depositi @hird far¢dnagietdd&ilm; shape, particularly in the coi
havi ng corners, the deposition by the plating is apt to be non-uniform
The removal of the ceaier £idsts farroadgeetiice Fdins Jedsy stacked on

- 41 - mechani cal stress to the final coil. In the

present enbodi marid sterendoiflerromageheldyica £ilm;

said third ferromagnetic film being stacked on
said firsﬁ ferromagnetic film; and

antiferromagnetic films or permanent magnet
films for fixing the directions of magnétization of said
second and third ferromagnetic films;

said pair of electrodes being arranged at
positions to flow current only at a central area of said
magnetoresistive effect film.
7. A magnetoresistive effect head comprising:

a magnetoresistive effect film having a
plurality of stacked films;

magnetic domain control layers arranged on the
opposite sides of said magnetoresistive effect film; and

a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect film;

said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium and

arranged adjacent to said electrodes, a second



nunber of wi ndings is formed between the nmagnetic cores '
substantially elliptic shape, and the section dianeter 5 onmau)lHH!I““Illu l“l
gradual ly increases as it goes fromthe ghetic gap to ec back mgap so
t hat the signal out put i ncreases and 1 Heat generation decreases.

nduct i ve Type f%%%?fﬁ”ﬁ%%%ﬂ%#@peﬁo‘g?%ﬁ%%“%e? RO b v e eberihd®
plating method o girection of mdBfelDOLELLY CchdPEott i) My gRe | ¢ head

havi ng t he upper an ower nagnetic cores rane er the

condi tion of pﬁl] @tf@dcaﬁkfu@éf&é “Elﬁhefﬁééfted bé@@ééﬁysaﬂé piygpierr] in

the plating ba containing Ni[err]: .7 g/l and Fe[err]: 2.4 g/l and
conventional stf#&sSomagnet £t aki T @ﬁ&néaf@dséé%ﬁécﬁeﬁﬁémﬂéhﬁéﬂﬂc apenh HA8

f or med. The track width is 4.0 [err]mand the gap length is 0.4
[err]m Then copDsetiGagiet e fRDNebt Cpdihahést dragndt - FR14%E by

wei ght), and the magnetic properties are; a saturation 20 magnetic fl ux
density (B[err]fixingithe adhescttomn sof onegnetiyation ¢f{said)se@obdCe and a

specific resistivity (p): 48.1 [err]cm The upper nagnetic core 85,
the | ower magnefexremagnatic filmhich al so serves as the upper shield |ayer
and the coil 87, the magnetoresistjve effect elenent 86, the el ectrode

25 for supplying a sense RRFFEORS tf t Pl drelimEY PR spieFiEcdes beipg t

I he |
grggfgf gﬁa?n 3¥er sh eId Ia r and %hgegiééfge ef%ect fP{OV|g§ . The

a spacing of said electrodes being narrower
than a width of said magnetoresistive effect film.
8. A magnetoresistive effect head comprising:

a magnetoresiétive effect film having a
plurality of stacked films;

magnetic domain control layers arranged on the
opposite sides of said magnetoresistive effect film; and

a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect film;

said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium, a second
ferromagnetic film of single layer or multi-layer having
a direction of magnetization thereof fixed, a non-
magnetic conductive film inserted between said first
ferromagnetic film and said second ferromagnetic film and

an antiferromagnetic film or permanent magnet film for



core of the present enbodinent is 100 ~500 A and the hard
- 42 - axis corecivity is not larger than 1.0 Ce. J wumu(l", "]mml,
performance (overwite characteristic) of t he recordi

present invention thus formnmed was neds@ed and it exhibited an"

excel l ent recor er [ance of appro ] S5 h
frequency aéi %c% % I\(j% o|nghoefr n@gné&%tﬁé’n °€ gaBiAZ”sé‘%%%g a

per spective coqﬁﬁg; g éﬁ& m; @ magneti ¢ head haV|ng the inductive
type recordi ng hea 0 the present i nvention and the nagnetoresistive

effect 10 reproducing heata Th FROHSHDhdead H8M N dAMlent madh&L d

182, a magnetoresistive effect film110, a magneti ¢ domain control film
141 and el ect r gie1 ot VMRl SrrangddtGd fadeVercdragiiet i€1dddrbded; and an upper
magnetic film 183 are fornmed on a base 150 which al so serves as a 15
slider. A lower gap and goxstppals oo seiel el edf iglddterodes dseimang, and
the coil 142 creates a nagnetonotive force I n the upper magnetic core
and t he upper stiastkid oversaid magretnreadis teles teftffegmeiiin; rahdti on ef f ect
to fromthe i nductive type recording head. 20 Fig. 22 shows

a perspective view of a rfegiacing of said electrodes being narrower

than a width of said magnetoresistive effect film.
9. A magnetoresistive effect head comprising:

a magnetoresistive effect film having a
plurality of stacked films;

| magnetic domain control layers arranged on the

opposite sides of said magnetoresistive effect film; and

a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect £film;

said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium, second
and third ferromagnetic films of single layer or multi-
layer having a direction of magnetization thereof fixed,
a first non-magnetic conductive film inserted between
said first ferromagnetic film and said second ferro-
magnetic film and a second non-magnetic conductive film
inserted between said first ferromagnetic film and said
third ferromagnetic film;

said first ferromagnetic film being stacked on



pressure slider. The negative pressure slider 170 has a f negatlve
pressure generation plane 178 surrounded by an air

171 and two positive pressure generatlon pl anes 177 f Hmllﬂ E“l
floating force and 25 further conprises-a P3iT i nt roduci ng p ane-lWQ and
groove 174 havin | ar te than the ative pressure generatlon
pl ane 178 at tH& %ﬁﬁﬁﬁﬁﬁgv{&f 'ﬁ%%itlve pressure generation

pl anes 177 and the negatlv

pressure generation plane %‘ﬂ% t%rdanferroqa}%%%lu endn belrigISSt Ckecga%%t ive
type recordi ng f%¥¥gﬂ%§§g recording the information
of the nmagnetic ghgﬁ skfl é@an an stelncsoé or aIrI‘f-aHproduci ng the information
formthe 5 record/reprogiti Q- SaRafade d mxﬁéﬂ&fpémmtﬂggw@d

el ement 176 shown in Fig. 21. When the negative pressure

slider 170 floaiSims foit NEisidg itHd QUileRst forim dh enatiriet M4 OBICtd PsPLANe
179 is inflated in the pressure generation plane 178 but since 10 the

air flow directsstbdmi tarel gihionee fledrrommagriestal d o driends ; the air flow from
the air introduction plane 179 to the air flowout end 175 is present
in the groove 174. Acearddifigist,, eesond arve thistd fexxeomagnetiia he air
'S films being arranged between pairs of said antiferro-
magnetic films or permanent magnet films;
portions of said pair of electrodes being
stacked on said antiferromagnetic film or permanent film
for fixing the direction of magnetization of said third
ferromagnetic f£ilm; and
a spacing of said electrodes being narrower
than a width of said magnetoresistive effect film.
10. A magnetoresistive effect head comprising:
a magnetoresistive effect film having a
plurality of stacked films;
magnetic domain control layers formed of
permanent magnets arranged on the opposite sides of said
magnetoresistive effect film; and
a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect film;
said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer

having a direction of magnetization thereof changed by a

magnetic field from a magnetic recording medium, a second



I ntroduced fromthe air introduction plane 171 when the 15 ne
pressure slider 170 floats, they are introduced into gﬁkﬁ“ "“KW““

and flown by the air flowin the groove 174 and ejec

negative preﬁsure slider 170 from the34ir fl ow out end 178 Further
si nce the air flowis S presen t he groov when.the 2
negati ve pressﬁ?EIQWPHE?ti?OfmﬁéaP ﬁﬁHgﬁﬁeFSYPE 5 maic: ﬁ&aﬁﬁtPSX%ﬁgamr

t he cohesion of dusts does optl 9. 23

of taeg z thR %ﬁgr fixe
shows an over afl SpEPEHECR; @ -2 geofi £8Pk 8pPSPatus in
accordance.m”tHa&ggtigbggbgﬁeklvé5fgﬁmtEﬁsgk%ﬁanbegaﬁgﬂtbﬁﬁd Fig-gRr esent

magneti c di sk aratus co I'Ses a magnetic recordlng

i nf ormati on, t S n r t
0 RSBl A sl eabitgneric I

- 44 - theah“&ﬁ%ﬁ&bkeamagneeibtEeanQo&nE&xa&gnm&esdﬁeecxu@m0b&-
I ng the magneti c heads and changi ng the position thereof relative to

the magnetic dixglgnethabtion 3 satidakecondd farromagnietdccdiillmyot or. The
voi ce coil motor conprises a voice 5 coil and a magnet. In fig. 23, five
magneti c di sks are npomtédnsnomneandt@anmgoﬁh&ﬂecmm0dﬁ§r@@sagthe t ot al
stacked on said magnetoresistive effect film; and
a spacing of said electrodes being narrower
than a width of said magnetoresistive effect film.
11. A magnetoresistive effect head comprising:
a magnetoresistive effect film having a
plurality of stacked films;
magnetic domain control layers formed of a
stacked layer of an antiferromagnetic film and a soft
magnetic film arranged on the opposite sides of said
magnetoresistive effect film; and
a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect film;
said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetizatioﬁ thereof changed by a
magnetic field from a magnetic recording medium, a second
ferromagnetic film of single layer or multi-layer having
a direction of magnetization thereof fixed, a non-
magnetic conductive film inserted between said first

ferromagnetic film and said second ferromagnetic film and



storage capacity. The present enbodi nent all
at a high frequency region for a high corecivity nedi uﬁ!ﬂ“ f" ﬁ L
sensitivity MR sensor having a nedlun1transfer rate of snal Ixer s

15 MB/ sec, a recording frequency of rMot*Xmal |l er than 45 MHz, high speed

data transfer at | ower_t han etic dlsk a_reduced

access tine, afh rﬁtl}te%sn %tlc%pfaigﬁ? yp%dgjafﬁmgw ¥R @F fect i s

attai ned. Thus, lr@ﬁpe{ sufface recording

density of not J&Fesm er Ifhan %J(%/ |&che}?&r ]af‘%ssrya JGC #l{’g

Fig. 24 shows a disk arr &8 Vig alfxgﬁ’éﬂégﬁfb&gé”ﬁgiﬁ$ of above
n n

magneti c recordi ng and 3%)reprodUC|ng appar at us IS case ce the

plurality AHadR &1 Ged RE Mt ¥k F AR USE AR PPRIRS Ushdr €
handl ed si mul t aneously, the information processing abi i ty is fast and

the reliability of the appamicine of saiRkhheiw@tkoddd Weldy ndFower
performance of each magnetic 25 recording and reproduci ng apparatus (Il ow

error rate andthan d owidiinwerf caEislmagrertorsmidtd vee dfi figrtantd Xne hi gh
performance conbi ned heads are essential for this pur pose.
- 45 - 12, A magnetoresistive effect head comprising:
a magnetoresistive effect film having a
plurality of stacked films;
magnetic domain control layers formed of
permanent magnets arranged on the opposite sides of said
magnetoresistive effect film; and
a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect film;
said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium, a second
ferromagnetic film of single layer or multi-layer having
a direction of magnetization thereof fixed, a non-
magnetic conductive film inserted between said first
ferromagnetic film and said second ferromagnetic film and
an antiferromagnetic film for fixing the direction of
magnetization of said second ferromagnetic film;
portions of said pair of electrodes being
stacked on said antiferromagnetic film; and

a spacing of said electrodes being narrower



VWHAT IS CLAIMED | S: 1. A magnet oresi stive effect hea i H

a magnetoresistive effect filmhaving a plurality of st ackﬂmnmm;"lmm' I”"I
magneti ¢ domain control |ayers arranged on the opposite sidés bf Said s *
magnet oresi stive effect film and, - a pair of electrodes stacked

on said magneti domai.n, control_Jayer and electrically.conngcied to said
magnet or esi st i \}é’aé} et H&f rﬂf said magnen%%v{%s%%%? o?%%?%ﬁ’i@eirgf fect film
conprising a fjgst ferr ' ' f S o) fis er
having a dir ectll%'n of mm%f%%é%#efﬁ%é éc]%a%ééeay%/da O“[r%%lnéejf’}‘ yf ield
froma magnetic recordi ng TRIAER oA dEELOBENES 11 didgn of single

| ayer or nmulti-layer having a direction of magnetization thereof fixed, a

non-  magneti C oGty & f idtRdser£edndet ween said first ferromagnetic
filmand said second ferromagnetic filmand an antiferromagnetic film or

per manent magnet film f omadrietitd ddmeaih resit vl dayagnetdrmdd asf of sai d
second ferromagnetic film portions of said pair of electrodes
bei ng stacked shracked Ieypretal es sintif exffangrietig fankde and a softa
spacing of said el ectrodes being narrower than a width of said
magnet or esi st i magidtdey filmarranged on Ahm@mparids stides «f exridiead
conprising: magnetoresistive effect film; and
a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive effect film;
said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium, a second
ferromagnetic film of single layer or multi-layer having
a direction of magnetization thereof fixed, a non-
magnetic conductive film inserted between said first
ferromagnetic film and said second ferromagnetic film and
an antiferromagnetic film for fixing the direction of
magnetization of said second ferromagnetic film;
portions of said pair of electrodes being
stacked on said antiferromagnetic film or permanent
magnet film; and
a spacing of said electrodes being narrower
than a width of said magnetoresistive effect film.

14. A magnetoresistive effect head comprising:

a magnetoresistive effect film having a



a magnetoresistive effect filmhaving a plurality of stacked fllns
magneti c domain control |ayers arranged on the

bai t of ol oct r odes. st acked on sad mgnett &7 domai fﬁf”coL{ mllﬂmlﬂllﬁﬂﬂ || ||||

t
g!;gt :nla;ﬁla!t grggq ‘ng‘@tf ??ﬁﬂfﬁ‘g ﬁbfriefln;t :ivef ?rs?cf erromagnetic fil m of
single | ayer or ”Ult"|a¥§§%P$§§%rﬁbﬁh §§§£§g& i%ﬁe nﬁé|za%¢on t her eof

changed by a magnetic fie roma nagne reco %" second

ferromagnetic f%éfﬂt&ﬁexﬁ‘. é@y%ﬁ tdi | &' o O@al e & &éée&ig&d&f

magneti zati on thereof flxe a non- gnetic con m I nSer

bet ween sai d fu@ﬁneﬁdyégxggﬂwg|éffééﬁnfthﬁxaﬁhsecond ferromagnetic film
and an antiferromagnetic filmor permanent magnet filmfor fixing the

direction of nagnetizati an pisaifl sShs@¥bddLrSEHBENEIde ddidmagnetic
portions of said pair of electrodes being stacked on said
anti f err omagnetdamdiind martyel nenest ambhglbictridgl Bncdconnected to said
magnetoresistive effect film;
said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium, second
and third ferromagnetic films of single layer or multi-
layer having a direction of magnetization thereof fixed,
a first non-magnetic conductive film inserted between
said first ferromagnetic film and said second ferro-
magnetic film and a second non-magnetic conductive film
inserted between said first ferromagnetic film and said
third ferromagnetic film;
said first ferromagnetic film being stacked on
said second ferromagnetic film;
said third ferromagnetic film being stacked on
said first ferromagnetic film; and
antiferromagnetic films for fixing the
directions of magnetization of said second and third
ferromagnetic films;
said first, second and third ferromagnetic
films being arranged between pairs of said antiferro-

magnetic films;



a spacing of said el ectrodes being narrower than a w dth - T e
magnet oresi stive effect film 3. A magnet oresi sti vql ”ﬂ% "’ﬁm’
conpri si ng: a magnet oresi stive effect film having i ””ﬂ

of stacked fil ns; magneti ¢ domaidB control |ayers arranged dn the

opposite sides of said magnetoresistive effect fil and . a pair
of electrodes stacked on RRFLORS Mk is2idRath cbRiertredes keing

l ectricall t t ' t i St f fi .
cai d mmgnet o oS SR G ALY | P ELTEr TR AP HC ET S F2F rorbEReL R 1 1 m of
ingle | JTul t - havi di i on, of i zat | t f
changed by a RENEITOT S PP THELITE SOE I Ta: et CoRLRebhE and
third ferronagqﬁgiééféﬂdns of single layer or nulti- |ayer having a
et'l

direction of magn zation thereof fixed, a first non-magnetic conductive
filminserted between sg Gdddnlg (&F rRINCIdCLLdR AWl 51 chSAGROH ferro-

magnetic filmand a second non-negnetic conductive film inserted between
said first ferrnommgretiidtt |68 ax S adhndtbres fof fwaragnedde€ £11m

15. A magnetoresistive effect head comprising:

a magnetoresistive effect film having a
plurality of stacked films;

magnetic domain control layers formed of a
stacked layer of an antiferromagnetic film and a soft
magnetic film arranged on the opposite sides of said
magnetoresistive effect film; and

a pair of electrodes stacked on said magnetic
domain control layer and electrically connected to said
magnetoresistive film;

said magnetoresistive effect film comprising a
first ferromagnetic film of single layer or multi-layer
having a direction of magnetization thereof changed by a
magnetic field from a magnetic recording medium, second
and third ferromagnetic films of single layer or multi-
layer having direction of magnetization thereof fixed, a
first non-magnetic conductive film inserted between said
first ferromagnetic film and said second ferromagnetic
film and a second non-magnetic conductive film inserted
between said first ferromagnetic film and said third
ferromagnetic film;

said first ferromagnetic film being stacked on



said first ferromagnetic filmbeing stacked on said secand ferromagnetic
film said third ferromagnetic filmbeing stacked on said first °

ferromagnetic film and antiferromagnetic filns
magnet filns for fixing the directions of Sfhgnetization omummmﬁmﬂ,“m
and third ferromagnetic fil s, portions of said paif of ¥ s '«

el ectrodes bei RIS 12RIAA SFeuEerpanti¥@rfolgnetic filmor permanent
forromgnetic film and seid Eiad freprandierfed i heingwtagkrdon
narrower than g w dth of sai netoresistive effect film 4. A
magnet or esi st i v%l\ggf 19%(: %efaedéxg%%eg?h%:tslfm' and a magnet oresi stive

effect filmhaving a m'Hﬁﬁiéﬁ%ﬁgqiﬁgg%§¥ifiiﬁgﬁor permanentrgggﬁgéc

dormai n control |ayers arrange

- opposite sidesin b kiBOREtHEedSdME &I 6 ddddBe - £ said?@
pair of electrodes st ackedl on said nmagnetic donmain &cont ro Jf%rile? asnadl(JI
electrically compniehid il feaaaiaymaiid ivemifect film

48

said first, second and third ferromagnetic
films being arranged between pairs of said antiferro-
magnetic films or permanent magnet films;

portions of said pair of electrodes being
stacked on said antiferromagnetic f£ilm or permanent
magnet f£ilm for fixing the direction of magnetization of
said third ferromagnetic film; and

a spacing of said electrodes being narrower
than a width of said magnetoresistive effect film.
16. A magnetoresistive effect head according to any
one of Claims 1 to 15 wherein the width of said magneto-
resistive effect film is equal to the spacing of said
pair of electrodes plus 0.5 ~ 4 un.
17. A magnetoresistive effect head according to any
one of Claims 1 to 15 wherein each of said pair of
electrodes overlaps with said magnetoresistive effect
film by 0.25 pm ~ 2 uym relative to the widthwise ends of
said magnetoresistive effect film.
18. A magnetoresistive effect head according to any
one of Claims 1 to 15 wherein the spacing of said pair of
electrodes is not larger than 2 um.

19, A magnetic reproducing apparatus comprising:



sai d magnetoresistive effect filmconprising a first ferrona netlc f|In1of
single layer or nmulti-layer having a direction of nag Hﬂuﬁ E"HEE“H
changed by a nmagnetic field froma nagnetlc recordin

ferromagnetic filmof single layer or nulTi Qayer having a di rect’i off of

magneti zation thereof fixed, _a non- _nagn ductive filminserted
be?meen said first ferr&ﬁd&ﬁ%¥?51?|¥%?§ﬁ§l%%l @%E%n F PAGRRGHERLEYT i | m

and an antiferg égggﬁiﬁ [manent magnet filmon which said
second ferronagnetic n1|s stac &%'for fixing the direction of
magnetization of said secpneyy é&iﬁﬁﬁgﬁ%&& )fé:l:r%ransd c.lngFy a‘?ila @en‘i’r

el ectrodes being arranged at = posi oW curren

area of said ragRAIREES: StiR] efdBEdd fE+dh s@id magnet i FBBRELLIEREStI Ve
ef fect head conpri sing: a nagnetore3|st|ve ef fect f|In1 aving a

plurality of stwskiash fid i electrical $i@ielj cafkdmain control |ayers
arranged on the opposite sides of said nmagnetoresistive effect film and
a pair of el ectrodes stacketemroderthgraginatuit forreprocesdindg tiyer and
electrically connected to said magnetoresistive effect film

sai d magnet or elAgtieak avskanal fixemd sl pproducing head;

wherein said reproducing head is a magneto-

resistive effect head according to any one of Claims 1 to

15.
20. A magnetic recording and reproducing apparatus
comprising:

a magnetic recording medium for magnetically
recording information;

a recording head for generating a magnetic
field representing an electrical signal and recording
information representing said magnetic field on said
magnetic recording medium;

a reproducing head for transducing a change in
a magnetic field leaked from said magnetic recording
medium to an electrical signal; and

a reproducing circuit for processing the
electrical signal from said reproducing head;

wherein said reproducing head is a magneto-
resistive effect head according to any one of Claims 1 to

15.



- 49 - first ferromagnetic filmof single layer or multi-laye havi ng a

direction of magnetization thereof changed by a nagnetic pe-ora
magneti c recordi ng medi um a second ferroqg netic film of Iﬁhg$@£ﬁe.é$lﬁfN
mul ti-layer having a direction of magnetTzation thereof f] xed, RkPhAGED

and sai d second FerTbREoTE TRk PTeCEREERE "2t ferrommgnetic fiimor
per manent magnet film stﬁg&ggnggoﬁgégs§$9§2€5£gé£ogggae&%gchaxgr_for

fixing the direction of nmagnetization o ~Seco erromagnetic film
said pair of elgeidgelesabrigl PEPAOGEEe@t oubBet! i RBSPLRALLLYY CEELRN, ONlYy
at a central area of said Tnmgnetoresistive effect f?ln1 6. A
nmagnet or esi sti veteéngeh bEas BagHEtsE Ngomain contro® I1RPELt 8VERI whéMCan

effect filmhaving a plurality of stacked fil s; magneti ¢ donmai n
control |ayers etectoede ospading opposnakl si sled of msghnet iagpetor&shgt ane
effect film and a pair of electrodes stacked on said nagnetic

domai n contr ol regroducihg| apparabls yusmyechedsane sare pnoaghded: eshstive

effect film magnetoresistive effect film is formed by a stacked layer
of a first ferromagnetic film, a non-magnetic conductive
film and a second ferrcmagnetic film. The second
ferromagnetic film is stacked on an antiferromagnetic
film, and magnetic domain control layers are arranged on
the widthwise opposite sides of the magnetoresistive
effect film. A pair of electrodes are érranged on each
magnetic domain control layers with the electrode spacing
being smaller than the width of the magnetoresistive

effect film so that a current flows only in a central

area of the magnetoresistive effect film.

This Sheet Has Been Reilaced
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sai d magnetoresistive effect filmconprising a first ferromagnetic fil m of
single layer or multi-layer having a direction aof magnetization thereof
changed by a nmagnetic field froma nagnetic recordi ng nmedium second and

third ferromagnetic filnms of single layer or multi- |layer having a
direction of magnetization thereof fixed, '
- 50 - a first non-magnetic conductive filminserted between said first

ferromagnetic filmand said second ferro- nagnetic filmand a second
non- magneti c conductive film inserted between said first ferromagnetic
filmand said third ferromagnetic film said first
ferromagnetic filmbeing stacked on said second ferromagnetic film
said third ferromagnetic filmbeing stacked on said first ferromagnetic

film and antiferromagnetic filns or permanent magnet filnms for
fixing the directions of magnetizati onFgfe~sai second and third
ferromagnetic fil ns; sai d I f & ectrodes being arranged at

positions to flow current only at a central area of said nagnetoresistive
effect film -
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7. A magnet oresi stive effect head conpri sing: a

magnet oresi stive effect filmhaving a plurality of stacked fil ns;

magneti ¢ domain control |ayers arranged on the -opposite sides of said
magnet oresi stive effect film and a pair of electrodes stacked
on said magnetic domain control |ayer ggﬂ e%ectrically connected to said
magnet oresi stive effect film aid magnetoresistive effect film
conprising a first ferromagnetic film of S|ngle | ayer or nulti-Ilayer
having a direction of nagnetization thereof changed by a nmagnetic field
froma magnetic recording nediumand arranged adjacent to said el ectrodes,
a second - 51 - ferromagnetic film of
single layer or nmulti-layer having a direction of nmagnetization thereof
fixed, a non- nmagnetic conductive film. nserted between said first
ferromagnetic filmand said second ferromagnetic filmand an
antiferromagnetic film or permanent magnet filmfor fixing the direction
of magnetization of said second ferromagnetic film portions of
said pair of el ectrodes being

FIG. 3
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stacked on said magnetoresistive effect film and a spaci ng of
said el ectrodes being narrower than a wdth of said magnetoresistive
effect film 8. A magnet oresi stive effect head conpri sing:

a magnetoresistive effect filmhaving a plurality of stacked fil ns;
magneti c domain control |ayers arranged:.p)w 1tge opposite sides of said

magnet oresi stive effect film and a pair of electrodes stacked
on said magnetic domain control layer and electrically connected to said
magnet oresi stive effect film sai d nmagnetoresistive effect film

conprising a first ferromagnetic filmof single layer or nulti-Iayer
having a direction of magnetization thereof changed by a magnetic field
froma magnetic recording nedium a se é ferromagnetic filmof single

| ayer or nulti-layer having a directiﬁr _nag.netization t hereof fixed, a
non- magneticggonductive filminserted between said first. ferronmagnetic
filmand said secqnd ferronmagnetic filmand an antiferromagnetic film or

per mmnent magnet flilmfor - 52 - fixing
the direction of fagnetizati o said second
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ferromagnetic film said antiferromagnetic filmor pernmanent

magnet film being arranged adj acent to said el ectrodes; portions
of said pair of electrodes being stacked on said magnetoresistive effect
film and a spacing of said el ectrodes being narrower than a

wi dth of said magnetoresistive effect fylmy 39. A magnet oresi stive

ef fect head conpri sing: a magnetoresi stive effect filmhaving a
plurality of stacked fil ns; magneti ¢ domain control |ayers

arranged on the opposite sides of said nmagnetoresistive effect film and
a pair of electrodes stacked on said magnetic domain control |ayer and
electrically connected to said nagnetoresistive effect film

sai d nmagnetoresistive effect filmconprigi a_first ferromagnetic film of
single layer or nulti-layer having a diﬁl&&pﬁof magneti zation thereof
changed by a nmagnetic field froma nmagnetic recordi ng nedium second and

third ferromagnetic filns of jsingle layer or multi- |ayer having a
di rection of nagnetizatiO@é;Iereof fixed, a first non-magnetic conductive
filminserted between said flirst ferromagnefi fiﬁFﬂE ai d second ferro-
magnetic filmand a second nqn-nagneti c conguct qhﬁ, N?Kprerted bet ween
said first ferromagnetic filgand said
E; 4
o I PRIOR ART
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O
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third ferromagnetic film said first ferromagnetic fil m being

stacked on - 53 - said second
ferromagnetic film said third ferromagnetic fil m being stacked
on said first ferromagnetic film and antiferromagnetic filns
or permanent magnet films for fixing t&e/diBections of magnetization of
said second and third ferromagnetic fil ns; said first, second
and third ferromagnetic filnms being arranged between pairs of said
antiferro- nmagnetic filnms or permanent magnet fil ns; portions

of said pair of electrodes being stacked on said antiferromagnetic film or
permanent film for fixing the direction of magnetization of said third

ferromagnetic film and a spacing of said el ectrodes being
narrower than a width of said nagnetoreiricaveefffect film 10. A
magnet oresi stive effect head conprising: . a magnet oresi stive
effect filmhaving a pIurgbity of stacked fil ns; magneti ¢ domain
control |ayers formed of 7]
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per manent magnets arranged on the opposite sides of said nagnetoresistive

effect film and a pair of electrodes stacked on said nagnetic
dormain control layer and electrically connected to said nmagnetoresistive
effect film . said magnetoresistive effect filmconprising a
first ferromagnetic filmof single Iayeelpq lti-layer having a direction
of magnetization thereof changed by a rmgnetic field froma nagnetic
recordi ng medi um a second - 54 -

ferromagnetic filmof single layer or multi-layer having a direction of
magneti zati on thereof fixed, a non- nmagnetic conductive filminserted
between said first ferromagnetic filmand said second ferromagnetic film
and an antiferromagnetic filmfor fixing the direction of nagnetization
of said second ferromagnetic film portions of said pair of

el ectrodes being stacked on said nagnetoresistive effect film and

a spacing of said el ectrodes being naF'r@r 10an a width of said
magnet oresi stive effect film 11. hagnet oresi stive effect head

conpri si ng: ~a magnetoresistive effect filmhaving a
Lt 51 -
31 | > e 31
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I ——— i\
LN N
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plurality of stacked fil ns; magneti c domain control |ayers
formed of a stacked |layer of an antiferromagnetic filmand a soft
magnetic filmarranged on the opposite sides of said nmagnetoresistive

effect film and .a pair of electrodes stacked on said nagnetic
domai n control layer and electrically cgnpqcged to said nmagnetoresistive
effect film sai d magnetoresistive effect filmconprising a

first ferromagnetic filmof single layer or multi-layer having a direction
of magnetization thereof changed by a magnetic field froma magnetic
recording nmedium a second ferromagnetic filmof single |ayer or
multi-layer having a direction of magnetization thereof fixed, a non-
magneti c conductive filminserted between said first ferromagnetic film
and sai d second ferromagnetic film and -
55- an antiferromagnetic filmfor fixing the direction of magnetization

of said second ferromagnetic film portions of said pair of
el ectrodes being stacked on said nm 'es1§2ive effect film and
a spacing of said el ectrodes being narr 51
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than a wdth of said nagnetoresistive effect film 12. A

magnet oresi stive effect head conpri sing: a magnet oresi stive
effect filmhaving a plurality of stacked fil s; magneti c
domain control layers forned of pernmanent nagnets arranged on the opposite
sides of said magnetoresistive effect fifmgand a pair of

el ectrodes stacked on said magnetic domain control |ayer and electrically
connected to said magnetoresistive effect film sai d

magnet oresi stive effect filmconprising a first ferromagnetic fil m of
single layer or multi-layer having a direction of magnetization thereof
changed by a nmagnetic field froma magnetic recording nmedium a second
ferromagnetic filmof single |ayer or ticlayer having a direction of
magneti zati on thereof fixed, a non- N%’IGQ idnductive filminserted
between said first ferromagnetic filmand said second ferromagnetic film

and an antiferromagnetic filjmfor fixing the direction of rmagnetization
of said second ferro etipcdfilm ¢ ig pair of
el ectrodes being stacked onjsaid antt romagnetic film and a
spaci ng of said el ectrgdes bgi ng FroVepRESENT INVENTION
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- 56 - than a width of said magnetoresistive effect film 13. A
magnet oresi stive effect head conpri sing: a magnet oresi stive
effect filmhaving a plurality of stacked fil s; magneti c
domain control layers forned of a stacked |ayer of an antiferromagnetic
filmand a soft nagnetic filmarrangedgp e opposite sides of said

magnet oresi stive effect film and a pair of electrodes stacked
on said magnetic domain control layer and electrically connected to said
magnet oresi stive effect film sai d nmagnetoresistive effect film

conprising a first ferromagnetic filmof single layer or nulti-Iayer
having a direction of magnetization thereof changed by a magnetic field
froma magnetic recording nedium a second ferromagnetic filmof single

| ayer or nmulti-layer having a direction [Gag‘[n i zation thereof fixed, a
non- magnetic conductive filminserted between said first ferromagnetic

filmand said second fa@rronmagreti c PRESENMY INVENRIONer r omagnetic filmfor
fixing the direction a2 magndti zation of said second ferromagnetic film
portions of said pair ©f electjrod g -~ stacked on said
antiferromagnetic fil rflox perfanent
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magnet film and a spacing of said el ectrodes being narrower

than a wdth of said magnetoresistive effect film 14, A

magnet oresi stive effect head conprising: a magnet oresi stive
effect filmhaving a plurality of stacked fil ns;

magneti c domain control |ayers forned /Pegmanent nagnets arranged on the
opposite sides of said magnetoresistive effect film and a pair

of electrodes stacked on said magnetic domain control |ayer and

el ectrically connected to said nagnetoresistive effect film

sai d magnetoresistive effect filmconprising a first ferromagnetic fil m of
single layer or multi-layer having a direction of magnetization thereof

changed by a nmagnetic field froma na NC T rdi ng medi um second and
third ferromagnetic filns of single |a3§3t3ﬁ ﬁﬁgfi- | ayer having a

direction of magnetization thereof fixed, a first non-magnetic conductive
filminserted bétwgen said first ferromagnetic filmand said second ferro-
magnetic filmand g second non-nagnetic conductive film
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I nserted between said first ferromagnetic filmand said third
ferromagnetic film said first ferromagnetic film being stacked
on said second ferromagnetic film said third ferronmagnetic
filmbeing stacked on said first ferromagnetic film and

antiferromagnetic filns for fixing thef {dyriegti ons of magnetization of said

second and third ferromagnetic fil ns; said first, second and
third ferromagnetic filnms being arranged between pairs of said antiferro-
magnetic fil ns; - 58- portions of

said pair of electrodes being stacked on said antiferromagnetic filmfor
fixing the direction of nagnetizatioF;ﬁG;Sétﬁ third ferromagnetic film
S
5

and a spacing of said el ec JUng narrower than a wi dth of
sai d magnetoresistive effect film 15. A magnet oresi stive effect head
conprising: a magnet oresi stive effect filmha\ﬁiég a plurality

of stacked fil ns; 189 187
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magneti c domain control |ayers formed of a stacked |ayer of an
antiferromagnetic filmand a soft nmagnetic filmarranged on the opposite

sides of said magnetoresistive effect film and a pair of
el ectrodes stacked on said nmagnetic domain control |ayer and electrically
connected to said nmagnetoresistive fi{p/ 3 sai d nmagnet oresi stive

effect filmconprising a first ferromagnetiC filmof single |ayer or

mul ti-layer having a direction of nagnetization thereof changed by a
magnetic field froma nagnetic recording medium second and third
ferromagnetic filns of single layer or nulti- [|ayer having direction of
magneti zation thereof fixed, a first non-nmagnetic conductive filminserted
between said first ferronmagnetic filmand said second ferromagnetic film

and a second non- rgﬁ;@l nduct 7 8eNEGATIVE PRESSUREWeen said first
and” sal '

ferromagnetic fil third fGENERATION PLANE sai d
first ferromagnetic filmbeing stacked on
- 59 - said second ferromagnetic film \ 17osai d78 %ﬁ:\?‘gRODUCING
ferromagnetic film einpespyePRHESSURE ) 1/
GENERATION PLANE < (/
175
176 176
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said first ferromagnetic film and antiferromagnetic filnms or
permanent nmagnet filnms for fixing the directions of magnetization of said

second and third ferromagnetic fil ns; said first, second and
third ferromagnetic filnms being arranged between pairs of said antiferro-
magnetic films or permanent magnet filing.,/ 13 portions of said pair

of el ectrodes being stacked on said antiferronmagnetic filmor pernmanent
magnet filmfor fixing the direction of nagnetization of said third
ferromagnetic film and a spacing of said el ectrodes being
narrower than a width of said nagnetoresistive effect film 16. A
magnet or esi stive effect head according to any one of Clains 1 to 15
wherein the width of said nagneto- resistive effect filmis equal to the
spacing of said pair of electrodes plus 0.5~4 [err]m 17. A

magnet oresi stive effect head according to any one of Clains 1 to 15
wherein each of said pair of electrodes overlaps with said

magnet oresi stive effect filmby 0.25 [err]m~ 2 [err]mrelative to the
wi dt hwi se ends of said nagnetoresistive effect film 18. A

magnet oresi stive effect head according to any one of Clains 1 to 15
wherein the spacing of said pair of electrodes is not larger than 2
[err]m

- FIG. 24
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- UELETERY]
19 A magneti c reproduci ng apparatus conpri sing:

- 60 - a magnetic recording nedium for magnetically recording

i nformati on; a reproduci ng head for transducing a change in a
magnetic fiel d | eaked from said magnetic Tetording mediumto an electrical
signal; and a reproducing circuit for processingTt A e
signal from said reproduci ng head; wherein saidj BN SHEET
is a magneto- resistive efNZGNETGRESESTIVEI EXFECT HBADNe gf

15. 20. A magnetic recordi ng and reproducl ng appar at s c@gm&siw

a magnetic recording nediumfor magnetically recording inffofjmation;

a recording head for generating a magnetic field represengi nmg—an

el ectrical sigpacxarRduNeCoFrdiThE INVEXNTIRIN ON representing gaid magnetic
field on said nmagnetic recording medi um a reproducl ng head—f
transduci ng a change in TheTpgesent finvehtieoakedlbrted T & MmeRAliC
recordi ng

magnetoresistive effect head and a magnetic recording and
reproducing apparatus using the same, and more

5 particularly to a magnetoresistive effect head suitable
for a recqrdiné head for reproducing information of a
magnetic recording medium by utilizing a giant
magnetoresistive effect and a magnetic recording and
reproducing apparatus using the same.

10 A reproducing head as well as a recording head
are mounted on a magnetic recording and reproducing
apparatus, and an AMR (Anisotropic Magnetoresistive) head
which utilizes an anisotropic magnetoresistive effect has
been proposed as a reproducing head. In the AMR head,

15 since it is required to suppress a Barkhausen noise
generated by the head to prevent a malfunction of the
magnetic recording and reproducing apparatus, a magnetic
domain control layer for maintaining the magnetoresistive
effect layer in a single magnetic domain state is

20 provided in the head.

In a first generation AMR head having the
magnetic domain control layer provided therein, a
magnetic domain control system called a patterned
exchange as disclosed in USP 4,663,685 is adopted. 1In

25 this system, a magnetic domain control layer formed of an



mediurm to an el ectrical signal; and a reproducing circuit for
processing the electrical signal from said reproduci ng head;

wherein said reproducing head is a nagneto- resistive effect head
according to any one of Clainms 1 to 15. g9

REPLACEMENT SHEET

MAGNETORESISTIVE EFFECT HEAD

ABSTRACT OF THE DISCLOSURE

A magnetoresistive effect head which can
produce a high reproduced output independently from a
strength of a magnetic domain control layer even when an
electrode spacing is small, and a magnetic recording And
reproducing apparatus using the same are provided. A
magnetoresistive effect film is formed by a stacked layer
of a first ferromagnetic film, a non-magnetic conductive
film and a second ferromagnetic film. The second
ferromagnetic film is stacked on an antiferromagnetic
film, and magnetic domain control layers are arranged on
the widthwise opposite sides of the magnetoresistive
effect film. A pair of electrodes are arranged on each
magnetic domain control layers with the electrode spacing
being smaller than the width of the magnetoresistive
effect film so that a current flows only in a central

area of the magnetoresistive effect film.

FIG. 1



