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1 TI TLE OF THE | NVENTI ON THIN FI LM MAGNETI C HEAQmaaNQgﬁq
METHOD OF MANUFACTURI NG THE SAME 5 BACKGROUND OF THE | NVENTI
The present invention relates to a magnetic disk apparatus used for
recordi ng and regenerating information for a conputer or the like and
a thin fil mmagnetic head 10 used for the magnetic di sk apparatus.
In a magnetic di sk apparatus used for recor&ing i nformation in a
comput2r or the like, data signals are recorded and regenerated on a
magnétic disk using a magnetic head. In order to increase a nenory
capacity per TEILEIiQF dfHE INVENTEQMeti ¢ di sk apparatus, an area record
density needs to be increased. For increasing an area record density,
there is a nmethod to increase a track density or a linear record
density. The nethod of increasin%itrack density is to reduce a track
t

wi dth of head 20 WHBH R MAGNET IC (HERR, AR A METHOR OF MARYIRET YK HEG
magneti ¢ head used for both recording and regenerating, the ar ea
record density'HHasS¥&en increased up to several hundreds Md/in[err],
whi ch causgs a problemin that intensity of regener at ed out put signal
I s weakene® as the track width is

BACKGROUND OF THE INVENTION

The present invention relates to.a magnetic disk
apparatus used for recording and regenerating information
for a computer or the like and a thin film magnetic head

10 used for the magnetic disk apparatus.

In a magnetic disk apparatus used for recording
information in a computer or the like, data signals are
recorded and regenerated on a magnetic disk using a
magnetic head. In order to increase a memory capacity per

15 unit area of a magnetic disk apparatus, an area record
density needs to be increased. For increasing an area
record density, there is a method to increase a track
density or a linear record density. The method of
increasing track density is to reduce a track width of head

20 which determines a track density. In an inductive typé |
magnetic head used for both recording and regenerating, the
area record density has been increased up to several
hundreds Mb/in?, which causes a problem in that intensity of
regenerated output signal is weakened as the track width is

25 reduced. Therefore, a manifestative resistance effect type
head (MR head) utilizing an anisotropic magneto-resistance

effect is used for regeneration, and a recording-



25 reduced. Therefore, a manifestative resistance effect type head (MR
head) utilizing an ani sotropi c magnet o-resi stance effect is used for
regeneration, and a recording- 2
regenerating-separate type thin filmmagnetic head utilizing a
conventional inductive type head is used for recordi ng. Filmthickness
of each layer in the MR head is 10 to nm and the heat resistance is
hi gher than 250[err]C. 5 The recordi ng head conprises an upper and a | ower
magneti c cores, a gap film an induction coil and insulating filns

for insulatingrebenenduchgomeparbtantyphethdgnéiin wageetic heddernal |y
cured photoresist is well known wdely to be useful as_ an insulating
fil mbetween tbB&ilhdibgi anceaven‘ah@naiomﬁ@cnw@rtmaa haad| dfepsadgheri c
cores of the thin film _.magnetic head, Curing the insujatjing film,
requires a re@@ﬁéﬂpgonFﬁémkngCFPeéﬁ aftﬁﬁﬁgrgﬁﬁﬁé dBotReMB[ BERACIPor a

Phe VR head used P ABeB@neops et heab TastarrOra: o DAGBFT REEPCRRAICT on.
fn oxaml e 81 b, Ktk acng, hebl TBABELLSS AT HBLRO- Pl 8L Rl h bonded
PELELet b NEAkA " gllnL gactab ASRRRERE ERTThng ynploubicg! rengs
using a | adder ¢3il i 6QR€ LSRN the induction coil and the magnetic core.
Thermally cured photoresist is well known widely to be
useful as an insulating film between the induction coil and
10 the upper and the lower magnetic cores of the thin film
magnetic head. Curing the insulating film requires a
condition to keep it at a temperature above 250°C for a
period from several hours to several tens of hours.
Characteristics of the MR head used at present is ndt
15 deteriorated under this condition. An example of the thin
film magnetic head using thelphotoresist bonded in a manner
to intersect each other with an intersection bonding agent
activated by heating is disclosed in Japanese Patent
Application Laid-Open No.1-235016. Another example of the
20 thin film magnetic head using a ladder silicone resin
instead of the photoresist as an insulating film is
disclosed in Japanese Patent Application Laid-Open No.6-
28631.
When the area récord density is further increased
95 above several Gb/in?, the track width is reduced smaller and

intensity of the output signal becomes insufficient even if

the manifestative resistance effect type head (MR head)



I nstead of the photoresist as an insulating filmis di sclosed in

Japanese Patent Application Laid-Cpen No. 6- 28631. When t he
area record density is further increased 25 above several Gb/in[err], the
track width is reduced snaller and intensity of the output signal
beconmes insufficient even if the mani festative resistance effect type
head (MR head) 3 utilizing
an ani sotropi c magnet o-resi stance effect is used. Therefore, it is
required to increase the intensity of the regener at ed out put signal by

enpl oyi ng a giabiliminmetan anisoesostamaorétecresipeaneadef et hbadysed.
utilizing giant 5 nagneto-resistance effect which has a | arger resistance
variation. TypEsevéfohe, hitdishoetmiredetei tperaagpetibe intepgitytahckhe
effect are a nulti-layer filmtype head which is |, conposed of fjlns made
of a ferronagné@genﬁﬁﬁbﬁdsg%hp%%_%ignal ¥ eRRLPYING FadilBE %aﬁﬁﬁ£ﬂﬁgnetic
anon- - CeEReLPEaREeartSaeh bPe RO BerdhorhabieifanatiatT e
the magnet % TRRAFROGHESLE HROGRAST REGEI PALOR P RaBneeTISF: Baorcphee "
TR oL BEBh B o e ek SRSk LB LOBLVBESERS. " |
put between nagggﬁgfance effect are a multi-layer film type head which is
composed of films made of a ferromagnetic metal such Co or
Fe and films made of a non-magnetic metal such as Cr or Cu;
10 a spin valve type head in which a film made of a non-
magnetic metal such as Cr or Cu is put between magnetic
films, and resistance variation is obtained by fixing
magnetization of the magnefic film in one side and rotating
magnetization of the magnetic film in the other side} and a
15 tunnel junction type head in which a film made of an
insulator such as Al,0; or SiO, is put between magnetic
films, and resistance variation is obtained by tunnel
effect through the insulating film. A magnetic recording
apparatus utilizing the giant magneto-resistance effect
20 having a spin valve type head is disclosed in Japanese.
Patent Application Laid-Open No.8-7235.

In any case of the multi-layer film type, the spin
valve type and the tunnel junction type, film thickness of
each layer in the giant magneto—resistance effect film is

25 several tens nm. However, in order to attain a higher

record density, the thickness is required to be thinner

than, for example, 3 nm. The very thin film has a low heat



films, and resistance variation is obtained by tunnel ef fect through
the insulating film A nmagnetic recording apparatus utilizing the

gi ant magnet o-resi stance effect 20 having a spin valve type head is

di scl osed i n Japanese Pat ent Application Laid-Open No. 8-7235.

In any case of the multi-layer filmtype, the spin val ve type and the
tunnel junction type, filmthickness of 4 each | ayer in the giant
magnet o-resi stance effect filmis 25 several tens nm However, in order to
attain a higher record density, the thickness is required to be

t hi nner t wasistencex beghuse3daffushony ofy eflpentis| nrshégkgllyoWOhesrur
4 resi stance because diffusion of elenents is |ikely to occur

each interfaceldf epgd LayperfagrdoicEbedipyryst pad ﬁﬁEFPrdl*‘gltYeﬁﬁ@r imid of
heat resistance is about 23Q[ C. Therefore, in

manuf act uri ng ﬁﬁ&@@§§t8Fea°Fe§6P Ssﬁégéncﬁ &és@PPH@dzég&%e 8$ﬁE?E°¥§'aln
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Cherml | CbenE YPAGALBRE R AGGHE | DSOBEPEFES Pl 2 EFEPRRIRGUPER ol the

' | ati | ot d t
variation g g%&&%ﬁbe?hsgsvgpe%hs%s ERergr oo 6R i SH%E Sierent hae been
a | ar ge obst ackg 3qaknsli et ic dsRERYViIGPIL! AEFRIGE AL e MRGRCLE fgad Lo

i ncrease the area record density .o e magnetic appar at us.
curing treatment (about 250°C, for several hours) of the

insulating film made of photoresist, and accordingly the
resistance variation is reduced. Therefore, the thermal

10 curing treatment has been a large obstacle against
improving performance of the magnetic head to increase the
area record density of the magnetic disk apparatus.

A non-organic film made of Al,0;, SiO, or. the like is

used for a gap film. When bonding force of the insuiating

15 film is weak, a failure of separating the gap film from the
insulating film frequently occurs. Although the bonding
force can be increased by elevating the temperature of the
heat treatment of the insulating film, the higher
temperature heat treatment makes it difficult to be adopted

20 Dbecause the high temperature deteriorates the
characteristic of the giant magneto-resistance effect film
which is composed of a thin multi-layer film, as described
previously. Therefore, a material curable at a low
temperature and having a High bonding force is required.

25 According to the invention of Japanese Patent Application
Laid-Open No.1-235016, the condition of the heat treatment

can be moderated to 80°C for 15 hours by employing a



A non-ofganic filmmade of Al[err]Jerr], Sierr] or the like is used
for a gap film Wen bonding force of the insulating 15 filmis weak, a

failure of separating the gap filmfromthe insulating filmfrequently
occurs. Although the bonding force can be increased by elevating the
tenperature of the heat treatment of the insulating film the higher
tenperature heat treatnent makes it difficuPt to be adopted 20 because the
hi gh tenperature deteriorates the characteristic of the giant

magnet o-resi stance effect film which is conposed of a thin nulti-Iayer

film as descrphetioresisprevicusly. ciithesel imked sbymt ecrass€linmbirg adgent ow
tenperature and having a high bonding force is required. 25 According to
the invention ¥FLTERERR ey Aagahingppiowerenn 1L the at emmpeatioe 10236104 6,

ition of the heat treatnent can be noderated to 80[err]C for
agehgapglL;Oeﬁ$$%9i;£p%;ment 1s too low, the photoresist does not flow,

hot oresi st which is_cross-lipked by a cross-1|ipking_ agent activated
Ey heating. HoWe e?,t??e¥h%n$£%ﬁ%Fa¥%ﬁeeQé)E?ﬁ¢lpn ofekhe tPRAEIERTLFE t oo

' fl . d t aper angle ai the end
. :og\rNt i E)P\eml‘o 0;25%%%,?%? ggf@?'n%%rgg%v%mﬁsf tﬁ%ngu?%gﬁ?’fi r%a‘?ff' _nt&""? errp:ar ature
[ ' [ | Ss ' attern i n eel e
ot occurs beciieatabihg tlhois Sy 4 Hatl G Ll of AL BRI Sfea
In the case ofotheddyRdibOEa e JIAONSSEafiR) 8 brce of the photoresist is

weakened. In the case of the invention of Japanese Patent

Application Laid-Open No.6-28631 in which the ladder type

10 silicone resin is used instead of the photoresist, the
resistance variation is eliminated, as described previously,
even not only in the giant magneto-resistance effect film
but also in the MR film because the temperature of the heat
treatment is higher than that in the case of the

15 photoresist, and the heat treatment at 300 to 350°C for one
hour or more is required. In Japanese Patent Application
Laid-Open No.8-7235, there is ho description on any

insulating film of the recording head.

20 SUMMARY OF THE INVENTION
An object of the present invention is to provide a
recording-regenerating separate type thin film magnetic
head using the giant magneto-resistance effect which
comprises an insulating film having a tight bonding
25 capability and capable of being cured under a low
temperature heat treatment condition without deteriorating

the magnetic characteristic of the giant magneto-resistance



Application Laid-Open No.6-28631 in which the | adder type 10 silicone

resin is used instead of the photoresist, the resi stance variation is

el i m nat ed,
magnet o-resi stance effect film but also in the MR film because the
tenperature of the heat treatment is égher than that in the case of

the 15 photoresist, and the heat treatnent

hour or

pr esent

as described previously, even not only in the giant

at 300 to 350[err]C for one

nore is required. In Japanese Patent Application Lai d- Open
No. 8- 7235,
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m maghetic head

magnetic core laminated on the lower magnetic film, forming
a magnetic circuit together with the lower magnetic film,
one end of the upper magnetic core being continued to the
lower magnetic film, the other end being opposite to the
lower magnetic film through a magnetic gap; a conductor
coil provided between the lower magnetic film and the upper
magnetic core; and an insulating film for electrically
insulating the upper magnetic core and the conductof coil
from each other, wherein the insulating film is a cured
body of a photoresist, a cross-linking agent and a cross-
linking accelerating agent for the photoresist and the
cross-linking agent.

It is preferable that the cross-linking agent is at
least one kind of resiﬁ selected from the group consisting
of melamine resin and epoxy resin. It is also preferable

that the cross-linking accelerating agent is composed of an

organic compound generating an acid, and, particularly, the:

cross-linking accelerating agent is preferably composed of
an organic compound generating an acid by heating.
As an detailed example, the cross-linking accelerating

agent is a compound selected from the group consisting of

val ve t he
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5 The present invention is characterized by a thin film magneti c

head conprising a | ower nmagnetic filnm an upper magnetic core

| am nated on the | ower magnetic film formng a magnetic circuit
together with the | ower nmagnetic film one end of the upper magnetic
core being continued to the 10 | ower nagne%ic film the other end being
opposite to the | ower magnetic filmthrlough a nagnetic gap; a

conduct or coil provided between the | ower magnetic film and the upper
magnetic core; and an insulating filmfor electrically i nsul ating the
upper gnetlchGWGaQQHYihenéghGuctor coil 15 from each other, wherein the
insulating filmijs cur dy of a photoresist, a cross-Iinking

agent and a chs?ls(bromP?ﬁRFMb)héﬁéﬁéﬁat|ng agent for the photoresist and
t he cross- | is preferable that the

nki
cross- i nking ﬁg% (ggoﬁgacﬁéyié9§Pz%ﬁ%'klnd of resin selected fromthe
group consi sting esin and epoxy resin. It is also

pr ef er abl e PﬁgébfﬂgoﬁFsgglPgﬁRFﬁBeacceleratlng agent is conmposed of an
organic_cogﬁoqﬂg ggégggﬁbgge lfﬁégzeﬁnd particularly, the

cross-1inki‘ng acce ng-ag S pr%ferably conposed of 25 an organic
conpound generatsng, aﬂfﬁgkﬂrgﬁoggé£§f9benzene, As an detailed exanple,

t he cross- I|nk|ng acce erating conmpound sel ected fromthe
group consisting3p$,-tris(dibromoacetyl)benzene, and 7
- 1,3,5,—tris(chloroaqetyl)benzene.

It is preferable that the photoresist is an acid

10 curing phenol resin, and particularly it is preferable that
the acid curing phenol resin is novolak.

The present invention is characterized by a magneto-
resistance effect type thin film magnetic head formed by
successively laminating an antiferromagnetic layer,.a first

15 magnetic layer forming a fixed layer, a non-magnetic
metallic layer and a second magnetic layer forming a free
layer, wherein each of the first magnetic layer, the second
magnetic layer, and the non-magnetic layer has a thickness
not thi;ker than 3 nm.

20 The present invention is characterized by a recording-
regenerating separate type thin film magnetic head
comprising an inductive type recording head formed on a
magneto-resistance effect type regenerating head through a
magnetic shield in a unit, wherein

25 the recording head comprises an upper magnetic core
laminated on the magnetic shield, forming a magnetic

circuit together with the magnetic shield, one end of the



br onpacet yl benzene, p- bi s(bronpacetyl ) benzene,

m bi s(bronpacetyl ) benzene, . p-bis(bronoacetyl)benzene, 5

m bi s( br onpacet yl ) benzene, 1,3,5,-tris(bronoacetyl)benzene,
1,3,5,-tris(dibromoacetyl)benzene, and

1,3,5,-tris(chl oroacetyl)benzene. It is preferable that the
photoresist is an acid 10 curing phenol re8in, and particularly it is

pr ef erabl e t hat the acid curing phenol resin is novol ak. The
present invention is characterized by a nagneto- resi stance effect
type thin fil mppgretaguéend ¢orerdoeinyg continwedstst vehe maghebi¢ nghbald,
antiferromagnetic layer, a first 15 magnetic layer formng a fixed |ayer

a non- nagnet i cthe othet athd coéhyeroppes bte ctonthesmaeretlis agietdr Hrrgl
free | ayer, wherein each of the first nmagnetic_ | ayer, the second
magneti c | ayera madnehdcngap hegneeR@uct9®rcok BF?%%@?%éE%tween HR® t hi cker
than 3 nm 20 T resent invention is characterized b recor di ng-

h
regenfrati?g s@@@?étﬁ?t?h§e¥ﬁiﬁn¢iF¥?nﬁaﬂ%¥i%aﬁ%%Blc Cor%bnﬁ?gsgﬂg.an
I nductive e.recordin 3 '
type regené¥gt?ﬂ§u%%53nghfg h£§£n§f€8ﬁﬁgﬁﬁ%%¥ gﬁ?ﬁf%g%ﬁgztﬁ%?ﬁggﬁgéégf;

22 the mope: | SECATRTSeRFRFRIPRAESER, LOPE' oMBORRL) EofiflErer ool intppher
magneti ¢ Shielgneogﬁogﬂgertﬁgeinsulating film being composed of a
photoresist containing a novolak resin as a main component,
a cross-linking agent and a curing agent of a cross-linking
10 accelerating agent;
the regenerating head comprising a first and a second
magnetic layers of a ferromagnetic material partitioned by
a non-magnetic metallic layer; an antiferromagnetic layer
provided in contact with any one of the magnetic layérs; a
15 magnetized direction of the first magnetic layer of the
ferromagnetic material being in a direction perpendicular
to a magnetized direction of the second magnetic layer.
The present invention is characterized by a recording-
regenerating separate type thin.film magnetic head
90 comprising an inductive type recording head formed on a
magneto-resistance effect type regenerating head through a
magnetic shield in a unit, wherein
the recording head comprises an upper magnetic core
laminated on the magnetic shield, forming a magnetic
25 circuit together with the magnetic shield, one end of the

upper magnetic core being continued to the magnetic shield,

the other end being opposite to the magnetic shield through



8 upper nagnetic core being continued to the magnetic shield, t he
ot her end being opposite to the magnetic shield through a magnetic gap;
a conductor coil provided between the magneti c shield and the upper
magnetic core; and an 5 insulating filmfor electrically insulating the
magneti c shield, the upper magnetic core and the conductor coil from
one another; the insulating film being conﬁ%sed of a phot or esi st
contai ning a novolak resin as a nain conponent, a cross-1linking agent
and a curing agent of a cross-linking 10 accelerating agent;

t he regener at iangnaurad icomgad ;siangoaduiatsr aed la pseydded betweggndhiec | ayers
of a ferromagnetic material partitioned by a non-magnetic netallic

| ayer; an ant mfaanaitrmgrséueddp@p@r the upmegyim@gneti cc G9rgct aRid Rany one of
the magnetic |layers; a 15 _ magnetized direction of the first magnetic

| ayer of the lnsu#ﬁ&%ﬂﬁnﬂﬁ%ﬁ Qnﬁ%9q§ﬂ1Qﬁ%¥¥;HQ$Q4§51P@bFP@hnﬁﬁﬁﬁﬁﬁdﬁcular
to a nmagneti zedq direction of the second na netlc

present i nventSRhdy &%éiﬂp@rr PRI/ LE l'ﬁjgt(i'?/e Conrdé’('fé:r‘?éfr lﬁgefrom
separate type thin film mgneti.c hea r|S|n nd Gld e type
recordi ng ead”nfeor"‘H)éPd:héanr the "t‘?é“;‘?gtl&gré% r?cl@gegﬁoétﬁost pe fjr &gener ati ng
head through giovola C Sryr%s% N "%{ﬂﬂgl tage\m:era‘?fcfa curi g r?tel?ﬁ of

recording head conpri ses ad upper nagn I'C core am nate

magnetic shield, crfd%ré'ﬂlrl%]&r{@%él%ra%ﬁrfd r&gddt ;t oget her with the magnetic

shield, one end o
the regenerating head being formed by successively

laminating an antiferromagnetic layer, a first magnetic

10 layer forming a fixed layer, a non-magnetic metallic layer
and a second magnetic layer forming a free layer; each of
the first magnetic layer, the second magnetic layer, and
the non-magnetic layer having a thickness not thicker than
3 nm. |

i5 The present invention is characterized by a head disk
assembly comprising a magnetic disk for recording
information; a recording-regenerating separate type thin
film magnetic head formed an inductive type recording head
for writing the information in the magnetic disk and a

20 magneto-resistance effect type regenerating head for
regenerating the written information in the magnetic disk
in a unit; and a drive means for rotating the disk, wherein
the recording head and/or the regenerating head is the thin
film magnetic head described above which has a record

25 density not smaller than 3 Gb/inZ.

The present invention is characterized by a magnetic

disk apparatus comprising a plurality of head disk



upper magnetic core being continued to the magnetic shield, t he ot her

end being opposite to the nmagnetic shield through a
magneti c gap; a conductor coil provided between the magneti c shield
and the upper nagnetic core; and an insulating filmfor electrically

i nsul ating the magnetic shield, the upper magnetic core and the
conductor coil from 5 one another; the instating filmbeing conposed of a
novol ak resin, a cross-linking agent and a curing agent of a
cross-|linking accel erating agent; t he regenerating head being

forned by succeassemblyes compaisingi agnagnahicfeaisknignetécordyrg, a first
magnetic 10 layer formng a fixed |layer, a non-magnetic netallic |ayer
and a second ndphernetionerafpeapndingfregeneyatingasepafate typaethinst
magnetic |ayer _ the second magnetic |ayer, and . the non-nmagnetic |ayer
havi ng a thi ckhitd® megnehiekheadnhfprmed an ppductive type Thecoréieathead
I nvention is c?aracteglzed bx a, head disk . assenbly conprising a
magnetic di sk FOF VELb+R9ng2id infarpataenoln saidcBRreNAbLF cdbmksakdng
separate type thin . filmmagnetic Fe d fornmed an | pductive type
recor di ng admagnet?ofeﬁ}5€$ﬂ§ tﬁtk?ﬁ ogxg?iBﬁg?ﬁe¥ﬁElﬁﬁgh%?$cf%$sk and a
20 magnet o-resigtan C yRE. n | ng, head. fo regeneratjng
the witten in*o%na%?%ﬁi$§ %%% ﬁgbéggﬁcféfé%mgtlon in’the magneglc dlSk
in a unit; and a drive means for rotating the disk, wherein
the recording head and/or the regenerating head is the thin
film magnetic head described above.
10 The present invention is characterized by a magnetic
disk apparatus having an area record density larger than 1
Gb/in?, preferably larger than 3 Gb/in?, particularly 5
Gb/in?, and using a recording-regenerating separate type
thin film magnetic head utilizing the spin valve giant
15 magneto-resistance effect for regeneration and an inductive
type thin film magnetic head for recording.

A portion generating the giant magneto-resistance
effect in the recording-regenerating separate type magnetic
head is composed of a multi-layer film having three layers

20 or more.

The multi-layer film of the recording-regenerating
separate type magnetic head includes a layer having a film
thickness not thicker than 3 nm, a cured body of a mixture
including a photoresist, and a cross-linking agent and a

25 cross-linking accelerating agent for the photoresist and

the cross-linking agent is used as insulating films between

the conductor coil and the upper and the lower magnetic



inaunit; and a drive neans for rotating the disk, wherein t he
recordi ng head and/or the regenerating head is the thin filmmagnetic
head descri bed above which has a record 25 density not smaller than 3
@o/in The present invention is characterized by a magnetic
di sk apparatus conprising a plurality of head disk
10 assenblies conprising a nmagnetic dilik for recordi ng
i nformation; a recording-regenerating separate type thin filmmagnetic
head formed an inductive type recordi ng head for witing said
i nformati on i nceaied wEghdei cedbskdiagdhaad Snniheetrecredivganegeneiratingype
regenerating head for regenerating the witten information in the
magneti ¢ di sk separafeatypiet thand falor magnesdes head, r shet magn: gemgesrnt
wher ei n the recording head and/or the re%enerathg head is the thin
fil m magnetic B&adhgePbOLHEGSIEEybeingoa novolpke rgsdsenthenFERsSos inking
characterized by a nagnetic . di sk gpparatus havi ng an ﬁrea record
density | arger 898&% Peing medpmipg, rpSipy Ofc PRORY F&FSEF {tR&n CE&5 i n
[err], particularly 5 Gb/inhgrr%, nd using a recordi,ng-regenerating
_separate type 11nfiﬂ% e e A eﬁ%ageﬂﬁfﬁgfﬁnﬁntﬁglgpgﬁ §§P§én§?ant
15 magnet o-resi stan effect f r.egener ati Ladygtiv pe
thin filmmgnetic &%ﬁHCFSFSr%géﬁégﬁgQ%C%le%%tq%%Agggb?ig% Se%gP'PFﬁgythe
gl ant nagneto-%%a%%&%@p%rom or a mixture of two or more compounds
selected from the group consisting of bromoacetylbenzene,
p-bis (bromoacetyl)benzene, m-bis (bromoacetyl)benzene,

10 1,3,5,-tris(bromoacetyl)benzene, 1,3,5,-
tris(dibromoacetyl)benzene and 1,3,5,-
tris(chloroacetyl)benzene, and the curing is performed by
thermal curing.

In order to attain high record density of a magnetic

15 disk, it is necessary to highly improve a performance of a
magnetic head, as described above. In order to attain high
sensitivity, it is necessary to separate a head into a
recording head and a regenerating head and to utilize
various kinds of magneto-resistance effects to the

20 regenerating head. Particularly, in a case of an area
record density of 5 Gb/in®, it is required to use the giant
magneto-resistance effect such as the spin valve type or
the tunnel junction type from the viewpoint of intensity of
output signal of the regenerating head. In this case, since

25 film thickness of the thinnest film in the giant magneto-
resistance effect film is as thin as 3 nm or less, the heat

resisténce of the film is decreased. Therefore, the



effect in the recordi ng-regenerating separate type nmagnetic head is
conposed of a nulti-layer filmhaving three |layers 20 or nore.

The multi-layer filmof the recording-regenerating Separate type
magneti ¢ head includes a |layer having a film t hi.ckness not thicker
than 3 nm a cured body of a m xture i ncluding a photoresist, and a
cross-linking agent and a 25 cross- IlnklngI&cceIeratlng agent for the
phot or esi st and the cross-linking agent is used as insulating filns
bet ween t he conductor coil and the upper and the | ower nmgnetic

cores of the ragehditie kaadacteriietiecofdihg- regenerating headséparate type
thin filmnmagnetic head, the main conponent of the photoresist bein
novol ak resin, dbh@rdb&ﬁ&eblb&lMQmperaageatoﬁehnghﬂﬁmaﬁlﬁer#églﬁréﬁeéﬁoﬁ%
resin, the cross- 5 linking accel erating agent generates an aci d by

heat i ng. the phodogesist! iuskidngsaebelintat gyegeﬁpsuéaalwnﬁé&ﬁ'd for
selected fromor a mxture of two or nore conpound sel ected fromthe
group consi sti kgepfinigr dmsadatjiope hesween the SDBﬁ§G$P6nGQéét?PPbéH?eH@per
m bi s( bronoacetyl ) benzene, 10 1, 3,5, trlsgﬂgonnacet benz %
tris(dibronbacé ﬁ%ehﬂéweramegee§l§ cores o ithEc e SQ&QPy gn?@ﬁg, &Rd

Fhe curing is %%Hé %of&ed aftere%w%mfﬂg'fﬂ% regenerating head.
Accordingly, it is required to reduce the temperature of
the thermal curing process. The photoresist used for the
insulating film is composed of novolak resin as a base

10 resin and diazonaphthoquinone group as a photosensitive
agent, and an initiation temperature of the thermal curing
is above 250°C. The novolak resin and diazonaphthoquinone
group as a photosensitive agent generally used in
manufacturing thin film magnetic heads and semiconductor

15 elements may be used for a photoresist to curing at a low
temperature. Melamine resin in various types such as Seimel
300, Seimel 303, Seimel 325 and the like may be available
from Mitsui Citech Company. Since the melamine and the
epoxy resins have no effect on photosensitivity to exposure

20 of light, accuracy and stability of a pattern are
completely the same as those in a conventional photoresist.
Further, flatness of steps of the coil, and others is also
the same as that in a conventional photoresist.

Neither of the melamine resin nor the epoxy resin

95 forms the cross-linking structure under a condition where

no catalyst exists, even if it is mixed.with novolak resin

and heated because it is scarcely reactive. However, in the



In order to attain high record density of a magnetic 15 disk, it is
necessary to highly inprove a perfornmance of a magneti ¢ head, as
descri bed above. In order to attain high sensitivity, it is necessary
to separate a head into a recordi ng head and a regenerating head and
to utilize various kinds of magneto-resi stance effects to the 20
regenerating head. Particularly, in a caseldf an area record density
of 5 G/in[err], it is required to use the giant magnet o- r esi st ance
effect such as the spin valve type or the tunnel junction type from
t he vi ewpoi nt pafesencensift wnofacidic eattpltyssi,grdlithelr oife thegeawrdaatinegg head.
In this case, since 25 filmthickness of the thinnest filmin the giant
magnet o- reassiins tagac e hef fepoik yf idemiins cagiselsi thas cFoss-diinkday, negs tion
resistance of the filmis decreased. Therefore, the ' .

12 magnetansl difarcagiesr byt heaginghe Ife fheempiidig Wag@liyst exist in
deteriorated by tenperature of a thermal curing process of t he

phot or esi st us@Piedl Fiesister thgy srosssdiaiiing Meantion stanisefitng
Bl o e e IS A S S S L PR B SO
[orm 9 Lhe, YA S o0a- RSN Mot LSRG S,
the ' nsul al4ng TiddPyih o PROTRE 1%, N Uhd Filttedh ANy a
preferable accuracy can not be formed. Therefore, by mixing
an acid generating agent, which generates an acid in the
10 baking step after forming the péttern, with the resist to
form the pattern with a preferable accuracy, it becomes
possible to start the cross-linking reaction and to cure
the melamine resin or the epoxy resin and the novolak resin
in the subsequent baking step. Examples of such acid
15 generating agents are bromoacetylbenzene, p-
bis (bromoacetyl)benzene, m-bis(bromoacetyl)benzene, 1,3,5,-
tris(bromoacetyl)benzene, 1,3,5,~-tris(dibromoacetyl)benzene
and 1,3,5,-tris(chlorocacetyl)benzene. The acid generating
agent such as 1,3,5,-tris (bromoacetyl)benzene decomposes at
20 approximately 150°C to generate an acid. Therefore, the
melamine resin or the epoxy resin and the novolak resin
start gradually the cross-linking reaction at 150°C. However.
Because the novolak resin mixed with the melamine resin or
the epoxy resin has a larger fluidity than the novolak
25 resin itself, the taper angle at the end portion of the
pattern cam be reduced by baking at least at 150°C. Because

of the small taper angle, the step coverége of the upper



10 resin and di azonapht hoqui none group as a photosensitive agent, and
an initiation tenperature of the thermal curing I s above 250[err]C.
The novol ak resin and di azonapht hoqui none group as a photosensitive
agent generally used in manuf acturing thin filmnmagnetic heads and
sem conductor 15 el ements nay be used for a photoresist to curing at a | ow
tenperature. Melamine resin in various typéé such as Sei nel 300,

Sei nel 303, Seinmel 325 and the |ike nay be avail abl e fromMtsu
Citech Conpany. Since the nelam ne and the epoxy resins have no effect
on phot osensi magneyf itco vexeoseraed26nofthiel ghsulasdmgady Landossabioti bavef a
pattern are conpletely the sane as those in a conventiona

phot oresi st. any pRgbtlieay., In grdess tof obtain &f higk edhlesigndast kées is

al so t he sane as that in a_conventional phqtoresist. Nei t her

of the mel ani A@SYEStd Ngofitlfe éﬁ@k?a¥é§ﬂncoﬁgl¢&Pﬁs1§h@eé96§?lﬁ'ﬁ% fge

structure under a condi_tion n ataly exi s even if it is

m xed with noFGRae @ ilp O tawgiﬁdchgﬁfeﬁgbgﬁaﬁg §btm?§ut85rcely reactive.

However , B t he Rresence
c

of an acidPc catal $¥t SXRlAH&EdLAPOYE nﬁll'lgmlﬁl«?ulatllngmfﬁlﬁ‘néé el@poxy resin
causes the cr %:%Slenrﬁ( l%en%q.%y %.%.nhmOd%.r}%tle% %li q.fq% %& lee 91

acidic cataly exi s resi t hé cross i ng reactl n
starts at a Q:Jn‘%il%l'o\helt)b lm%‘@éet gRPGhaEe t%‘é%h e W:L% RN 17 & C.

the conventional resist such as 250°C for a period from
several hours to several tens of hours while keeping

10 sufficient adhesion. Accordingly, in the giant magneto-
resistance effect film of the spin valve type or the tunnel
junction type composed of the very thin films having a
thickness below 3 nm, the magnetic characteristic can be
sufficiently maintained, and further it is possible fo

15 manufacture a magnetic disk apparatus mounting a high
performance magnetic head capable of obtaining an intensity
of regenerated output signal necessary to attain an area
record density above 5 Gbit/in?.
{1) Recording head

20 The above-mentioned recording thin film magnetic head
in accordance with the present invention is manufactured by
forming a frame on a substrate having a magnetic film to be
used as a lower magnetic core or an ﬁpper magnetic shield,
a magnetic gap, a conductor-coil and an insulating film,

25 and forming a plated film, and then forming an upper
magnetic core by masking an area surrounded by the frame

and etching the plated film. It is preferable that when a



Therefore, the cross-linking starts at the pre-baking step after
applying the resist, and the pattern having a preferabl e accuracy can
not be formed. Therefore, by m xing an acid generating agent, which
generates an acid in the 10 baking step after formng the pattern, with
the resist to formthe pattern with a preferable accuracy, it becones
possible to start the cross-1inking reactid® and to cure t he nmel am ne
resin or the epoxy resin and the novol ak resin i n the subsequent
baki ng step. Exanples of such acid 15 generating agents are

br onpacet yl bertzadek width wil,biwddreombac etpderanzzpretic core is in contact
m bi s(bronpacetyl ) benzene, 1, 3,5, - tris(bronmoacetyl)benzene,
1,3,5,-tri s(dlmrti'rrd'ehsamydg)rtm:rmmp, is dnd um, the ratio (t/wl) of a
1,3,5,-tris(chloroacetyl)benzene. The acid generatin agent such as
1, 3,5, -tri s( bridvicdemss {hafz dhe srramharanenic mr@?&'«%mﬁat@aﬁhwdéh]c
to generate an acid. Therefore t he nmel am ne resin or the epoxy resin
and the novol & resinet esgnghqn adually the cross-linking reaction at

rosin o 5 the dodse Al RERSSFARhRARAY & qY éﬁ’ﬁ w}é“r?t %”E' "
ot 5 b P T AR 0 e Wl s L G0 oo e
e 2D OV i, Sl SR e
magnetic gap, is not larger than 1.3.
In manufacturing the above-mentioned thin film
10 magnetic head by forming the frame on the substrate having
the magnetic film to be used as the lower magnetic core or
the upper magnetic shield, the magnetic gap, the conductor
coil and the insulating film, and forming the plated film,
and then forming the upper magnetic core by masking.the
15 area surrounded by the frame and etching the plated film,
the thin film magnetic head can be manufactured through a
method comprising the steps of a first process in which a
resist is formed on the substrate so as to have an optimum
thickness on an area in the front end portion of the
20 substrate where the magnetic gap of the thin film magnetic
head is formed, and the resist is patterned into a shape
corresponding to at least the area in the front end portion
of the upper magnetic core, and then the resist is cured to
form a first frame corresponding -to the area in the front
2h end portion of the upper magnetic core; and a second
process in which a resist is applied onto an area in the

rear portion having the conductor coil and the insulating



any problem In order to obtain a high adhesion as the insulating film
the baking condition is desirable in the range of 150 to 200[err]C for
at least 30 minutes. 5 As expl ai ned above, the insulating filmused
in the present invention can noderates significantly the baking
condition to make it mlder than the bakinq condition for t he
conventional resist such as 250C for a peri@d from several hours to
several tens of hours while keeping 10 sufficient adhesion. Accordingly,
in the giant nagneto- resi stance effect filmof the spin valve type or
t he tunnel filjund ithe tcppaucdoposed loont ke empstthriat ef havinigavtheg a

t hi ckness below 3 nm the nagnetic characteristic can be sufficiently
mai nt ai ned, arfd Hisir thvame tformegosei Fhatt Fhel Ehiwkaess: ¢fe thenddidds dsdi sk
appar atus nounting a high per formance magneti c head cgpabl e of

obt ai ni ng an' ioRtdddize@d, and ghenegesECoNEd IF@MsuCOSTGSRONTE A $a BPTitd on
attain an area record density above 5 Ghit/in[err]. 1) .Recordi ng
head 20 Lormedy 98y ENfe fEiegndd &ty Hor:ﬁtﬂ'o% Ionflu ﬁﬁ’&n&aigg‘%% core

i n accordapce ,\with the present invention is manufactured . farmng a
frame on adsubst MATEShBNh&3E FERES &6 FRHSTHEC 235 %L?SZ%’ AP TEITRES
magneti c core .qQr # tic shield, a magnetic gap, a conductor
coil and an ir%§n€§§:%?ﬁ%3 gﬁggg% and formng a plated film and then

(L0 o uPher Reps I SHSSenl WA 2, e sttt e
and a silicon containing resist may be used for the
uppermost layer resist. It is preferable that the multi-

10 layer film is composed of three layer films of an organic
film in the lowermost layer, an intermediate film and a
photoresist in the uppermost layer, and particularly the
intermediate film is an inorganic film formed- of at least
one compound or element selected from the group conéisting

15 of si. sio,, Al, Al,0,, Ti, TiO,, Ta, Ta,0s, W, Nb.
Especially, in the case of Si0Q,, it is preferable to employ
sputtering method or to perform sintering after applying
spin-on glass.

The organic film is composed of a photoresist which is

20 cured after forming the first frame. The curing process is
performed by far ultraviolet irradiation or by reactive ion
etching. The organic film contains at least one of
polyimide and its derivatives, polydimethylglutarimide
(PMGI) and its derivatives, polymethylmetacrylate (PMMA)

25 and its derivatives, benzocyclobutene (BCB) and its
derivatives, and epoxy and its derivatives; an electron

.beam resist may be used for the uppermost layer resist, an



15 " track width W, where the upper magnetic core is in contact

with the magnetic gap, is 1.5 [err]m the ratio (t/w) of a t hi ckness
t of the upper magnetic core to the track width W is not less than 2.
5 It is also preferable that a ratio (w2/wl) of a width (w2) of
t he upper nmagnetic core to the track width (wl), where the upper
magnetic core is in contact with the gnetic gap, is not larger than
1.3. I n manufacturing the above-nentioned thin film 10 magnetic
head by form ng the franme on the substrate having the magnetic filmto
be used as theslentsromgegan idrayoing erethod maje hppredrdpietg*Pasiird ®f t he
magneti c gap, the conductor coil and the |nsulat|n f|In1 and form ng
the plated fil%he eleCfaFrRP thean frasdisty and @ Frasmgiet ﬁg‘-'c hodhPhyeski ng

the 15 area surr nd the frane nd etchin Iated film t he
thin fllmnagri’é? ’rf’éii ﬂﬁ%&%m%rf ébf the

conprising the_steps of |rst ess I n which a reS|st Is fornmed on
t he substrate'%RP%é? fé%%? t hi ckness on an area in the

f_ront end _ortlon OEE%H(}&% éﬁbgtr%%%gfree%% MRON&t {te%q; t,é}] thin

. filmmgnetiic S for med, P 'S pa rned 1Tnto a shape

correspondi ng gt deastideAed the {6 B e of e the

upper rragnetlc e resist is cure forma first

frame correspondidiss{fy txﬂfgx?é@fc idbddof A trédh Nd P Addriitid Hdwy upper
magnetic core; and a second
accordance with the present invention is formed of an
electroplated thin film of an Ni-Fe alloy containing Ni 38
10 ~ 60 atomic % and Fe 40 ~ 62 atomic % or a single layer or
multi-layers film of Ni 75 ~86 atomic $-Fe alloy.
Furthermore, it is preferable that the magnetic disk
apparatus in accordance with the present invention
comprises a disk-shaped magnetic disk having a medié
19 transmission speed higher than 15 Mega-bites per second, an
area record density of recording data larger than 1 Giga-
bits per square inch and a diameter of information memory
medium smaller than 3,5 inches; the magnetic disk is
rotated at a speed higher than 4000 rpm at recording and
20 regenerating time, and recording frequency is higher than
45 MHz; at least one of the upper magnetic core and the
lower magnetic core of the recording magnetic core of the
thin film magnetic head in accordance with the present
invention is formed of an electroplated thin film of an Ni-
25 Fe alloy containing Ni 38 ~ 85 atomic % and Fe 15 ~ 62

atomic %, the film thickness is 1 ~ 5 um, the average grain

size is smaller than 500 A, the specific resistance is 40 ~



process in which a resist is applied onto an area in the rear portion
havi ng the conductor coil and the insulating

16 filmof the conductor coil on the substrate having the first
frame formed so that the thickness of the frane is . optim zed, and then
a second frane corresponding a portion formed on the area in the rear
portion of the magnetic core 5 is forned 5§ patterning the resist so as to
be integrated . in the first frane. Reactive etching may be
used in the etching process, and a silicon containing resist my be
used for the 60 u Qppernoss mMayestiieicdrcive i Bomreefiar abil £ tdhaltt tehelsndf i -
10 layer filmis conposed of three layer filnms of an organic filmin

t he | ower nost magpertizationt dsmstiedlerf thanadd 0aOe, anghdher geicordingt he
uppernost |ayer, and particularly the intermediate filmis an

i norgani ¢ fil maosekedmodiver fiogget of theogeceosspogndagnesiendradsdiSect ed
fromthe group consisting 15 of Si. SiJerr], A, A[err]Jerr], Ti,
Tigerr], Ta, ‘PaE&E [fORsy O > WPREe-turnsgspecially, in the case of

Sigerr], Lt is preferable tq enpl oy, sputterin od or to perform

sintering after apﬁ&ﬁ m&gnetlcsﬁpﬁ?oﬁngﬁé§§.%ance w&t%?%ﬁg BEGESAL filmis
conposed of a.photaqr.esi st which_i.s O.,cured,after fQrL.mMn he first_frane.
The curing pr& g‘g%ﬁgn may SSPFSFHEE%b}eFEr% r§ igigtoirﬁgdﬁgfﬁt °BF

_ ( on “or by
reactive ion element of 3 wt% or less in total quantity selected from

the group consisting of Mo, Cr, Pd, B and In.
{2) ﬁegenerating head

10 The magneto-resistance effect head in accordance with
the present invention comprises a magneto-resistance effect
film having a plurality of laminated films in a size
corresponding to a track width of a magnetic recording
medium, magnetic domain control layers arranged adjaéent to

15 both sides of a region in the width direction intersecting
with the laminated layer direction of the magneto-
resistance effect film, and a pair of electrodeé laninated
on the magnetic domain control layer and electrically
connected to the magneto-resistance effect film; wherein

20 the magneto-resistance effect film comprises a first
ferromagnetic film composed of single layer or plural
layers of which the direction of magnetization is wvaried by
a magnetic field from the magnetic recording medium, a
second ferromagnetic film composed of single layer or

25 plural layers of which the direction of magnetization is
fixed, a non-magnetic conductive film interposed between

the first ferromagnetic film and the second ferromagnetic



etching. The organic filmcontains at | east one of polyimde and its

deri vati ves,

pol ydi met hyl gl ut ari m de (PM3d) and its derivatives,

pol ynmet hyl metacryl ate (PMVR) 25 and its derivatives, benzocycl obutene

(BCB) and its

derivatives, and epoxy and its derivatives; an electron

beam resi st may be used for the uppernost |ayer resist, an

17 el ectron beam drawi ng net hod may bddused for exposur e of

t he

el ectron beamresist, and a phase shift nmethod or a nodi fied |ighting
met hod may be used for exposure of the uppernost |ayer resist. 5

Further, it is finefeaadl ehchatecaind dastromegreftichdiln isugiaeatdgn
and the | ower

etic core

magnetic core of the recordi ng magnetic core of the thin

film magnetic Headnated on aece@nddfes ramagnetd Qfdd@ney A efFHPeE f or med
of an - el ectroplated thin filmof an Ni-Fe alloy containi,ng Ni 38 _ 10 ~

60 atomi ¢ % andametn £ilgp farofiixingthe diggcdion af gagnetl
filmof NI 75 ~86 atomc % Fe all oy. . . Furth
pref erabl e t hatthehesargjrbtierrpmagnetic efﬂ-ﬂé‘f‘ataﬁ’sdu

LAt 9n %fyers
o 1 .
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present invention copprises a .di sk-sha magnet i.c di sk ' '
15 transm s8i oS FRI&FY Jtsniﬁ’n%‘ Qdft%&’se S%rgr%eé:codﬁif agr]lr'a‘.’l\ﬂd%g egfrf;g}da :

record density
inch and a dia

10

15

20

25
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that the gap between the electrodes is narrower than the
width of the magnetq—resistance effect film or the
electrodes are arranged in such a position that current
flows only the central portibn of the magneto-resistance
effect film, and the gap is smaller than 1.3 um.
Particularly, the gap may be set to 0.25 to 1.0 4m.

In the magneto-resistance effect type head, in which
the second ferromagnetic film is directly laminated-on the
antiferromagnetic film or the permanent magnet film for
fixing the direction of magnetization of the second
ferromagnetic film, among the magneto-resistance effect
type heads utilizing the giant magneto-resistance effect,
it is possible to employ a construction where part of each
of the pair of electrodes is laminated on the
antiferromagnetic film or the permanent magnet film and the
electrodes are formed so that thé gap between the
electrodes is narrower than the width of the magneto-
resistance effect film.

It is preferable that the magnetic recording-
regenerating apparatus in accordance with the present

invention comprises a disk with a magnetic recording medium



medi um smal | er than 3,5 inches; the magnetic disk is rotated at a
speed hi gher than 4000 rpm at recording and 20 regenerating tinme, and
recordi ng frequency is higher than 45 MHz; at | east one of the upper
magnetic core and the | ower magnetic core of the recording magnetic
core of the thin filmmgnetic head in accordance with the present

i nvention is fornmed of an el ectropl ated thiZd filmof an Ni- 25 Fe al | oy
containing NN 38 ~ 85 atonmic %and Fe 15 ~ 62 atomc % the film
thickness is 1 - 5 [err\]m the average grain size i's smaller than 500
[err], the speraVving reaineticelly rdcorded signals; and a magnetic head,

18 60 [err] cm the magnetic coercive force in difficult axis of
magnet i zat i on PEIRGNY ety hiding Gurfaee tHogeds dihg disk ammmaroinmt i ve
force of the recordjng magnetic head is | arger than 0.5 Anpere-turns.
5 The nekfkdFeveby &9 nthr Grdendomideteddng aragnetic figddntion may
contain Co IeSf%than 15 wt %.or at |east one_, el ement of 3 W% or |ess

in total quantt$3FE ARy Fhomecording nedipnic R Rithdhs ngnedic pd, B
o' T acor TSR (B B 2 ap e TR B Sl
asize - dhEEndtetie ald AR By S ol ne Rl By 14
laygr; an antiferromagnetic layer provided in contact with
any one of the magnetic layers, a direction of
magnetization of the first magnetic layer made of a
10 ferromagnetic is perpendicular to a direction of
magnetization of the second magnetic layer when an applied
magnetic field does not exist; a means for fixing the
direction of magnetization of the second magnetic layer and
the means does not exist; a means for generating curfent in
15 the magneto-resistance sensor; a means for detecting
electric resistance change produced by rotation of the
magnetization of the first layer as a function of the
magnetic field detected by the magneto-resistance sensor;
the first and the second magnetic layer are made of Co or a
20 Co alloy, and that antiferromagnetic layer is made of a Cr-
Mn alloy.
The Cr-Mn alloy preferably contains 30 to 70 atomic %
of Mn. In addition to this, the Cr-Mn alloy may contain 0.1
to 30 atomic % in total quantity of at least ohe element
25 selected from the group consisting of Co, Ni, Cu, Ag, Au,
Pt, Pd, Rh, Ru, Ir, Os and Re, and particularly, the total

quantity of 5 to 15 atomic % is preferable.



medi um nmagnetic domain control |ayers arranged adjacent to 15 both sides

of aregionin the width direction intersecting with the | am nated

| ayer direction of the magneto- resi stance effect film and a pair of
el ectrodes | am nated on the magnetic domain control |ayer and
electrically connected to the magneto-resistance effect film wherein
20 the magneto-resistance effect filmconprébes a first ferromagnetic
filmconposed of single |layer or plural | ayers of which the direction
of magnetization is varied by a magnetic field fromthe magnetic
recordi ng medi um alIt is prebadabirerbhagnthécpérhanentpnagdetf £slmgie | ayer
or 25 plural layers of which the direction of magnetization is fixed,

a non- magnet i ch@@adaét agE onenef matevialisbefwee@o-Pt alheyfias€o-Cr-Pt
ferromagnetic fil mand the second ferromagnetic

19 film @hdo¥nandekbpgefationagrertaining at Heasttone subshanoat ed
on an antiferromagnetic filmor a permanent | magnet filmfor fixing the
direction of nﬁﬂﬂggi Lt P¥hdes V ox PR seEoPtider rpugnRidec Mol axidad Bart
o geaeh oL DRty Pa kb 008 pUTIA S BPLSe o orceriones
W dth of the ranmcReeeriiaRRR ST LT et f Rl €T HRSE e SpaBhodtit npdfet ™
arranged in sug@ POShid®Nof hdlnSHls £04 having a composition which

satisfy the following Equation 1 or Equation 2.

Co,Cr,Pt. or ... (Equation 1)

10 (Co,CrpPt,) ., (MO,) 4 {..(Equation 2)

(where x=0.01~0.20, y=0.4~3, a=0.7~0.9, b=0~0.15,
c=0.03~0.15, M: at least one of Ti, V. Zr, Mo, Hf, Ta, W,
Al, Si and Cr)

It is preferable that specific resistance of a.soft

15 magnetic thin film for applying lateral bias magnetic field
to the magneto-resistance effect film is larger than 704 €
cm. It is also preferable that the lateral bias film is
made of a nickel-iron alloy containing nickel of 78 to 84
atomic %.

20 The multi-layer film is formed by laminating the first
ferromagnetic film, the non-magnetic conductive film, the
second ferromagnetic film and the antiferromagnetic film on
the second ferromagnetic film. After laminated, the
magneto-resistance effect film composed of the multi-layer

20 film and the antiferromagnetic film are cut off in the both
sides together so that the width of the magneto-resistance

effect film (the width is defined by the narrowest width



10 flows only the central portion of the nmagneto-resistance ef fect
film and the gap is smaller than 1.3 [err]m Particularly, the gap
may be set to 0.25 to 1.0 [err]m I n the magnet o-resi stance
effect type head, in which the second ferromagnetic filmis directly
| am nated on the 15 antiferromagnetic filmor the permanent magnet film
for fixing the direction of nmagnetizaté®n of the second
ferromagnetic film anong the nagneto-resistance effect t ype heads
utilizing the giant magneto-resistance effect, it is possible to

enpl oy a const geehiothehgigtRar éfotheachrsf0fetrohagpeticofithecthedsents
| am nat ed on the antiferromagnetic filmor the permanent magnet film
and the enegheedescendutolvedfsbmt and the gepohédt ﬁeenomhqnegic film)
el ectrodes is narrower than the width of the nagneto- resi stance_,
effect film BBcomes al predepechiéned| widkhs £ht A¥amRifc ZeédhdiTRe first
regenerating apparatus in accordance with the present I nventi on
conprises a di fkrmpmagaeagndile pecar FAg ABY¥PHnis formed of, for

20, nging 1 I manet oLy gecorded sionaly and mpnebLediend.
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magnetic layer%nﬁ%%%i%Lm value within the range of 2 to 15 nm. The non-
magnetic conductive film is made of, for example, Cu, and
the film thickness is set to an optimum value in the range

10 of, for example, 1 to 4 nm. The second ferromagnetic film
as a fixed layer is formed of, for example, Co, and the
film thickness is set to an optimum value in the range of,
for example, 1 to 5 nm. Further, the second ferromagnetic
film as a fixed layer may be formed of, for example, a

15 single layer film of NiggFe,o, NiggFe;;C055, COgoNiyoFezqs
CogoFe;o or Co, or a multi-layer film formed by laminating
some of these films. The antiferromagnetic film is formed
of, for example, Cr,Mn,,Pt,;,, and the film thickness is set
to, for example, approximately 30 nm. Other than the

90 materials described above, the antiferromagnetic film is
formed of, for example, FegMng,, Mngelr,,, NiggMng,. The
direction of magnetization of the second ferromagnetic film
is fixed so as to be oriented to the medium facing surface
by exchange couple with the antiferromagnetic film. The

95 direction of magnetization of the first ferromagnetic film

is set, for example, in the width direction of the magneto-

resistance effect film, and the direction of magnetization



a ferrohagnetic and partitioned by a non-magnetic netallic | ayer; an

antiferromagnetic |ayer provided in contact with any one of the
magnetic | ayers, a direction of magneti zati on of the first magnetic
| ayer made of a 10 ferromagnetic is perpendicular to a direction of
magneti zati on of the second nmagnetic |ayer when an applied magneti c
field does not exist; a neans for fixing t 128 direction of

magneti zati on of the second magnetic |ayer and t he neans does not

exist; a means for generating current in 15 the nmagneto-resi stance sensor;
a means for delscatdriged by merindtd g efiedidarde thieangenatdduceddrylingt at i on
of the magneti zation of the first layer as a function of the

magneti c fi el dnethifect eRitbherhe g reettd-freeiostagmed isefddm can bet repliaosd
and the second magnetic |ayer are nade of Co or a 20 Co alloy, and that
antiferromagnetd @ Irgmanentmiponst.a Cr- Mh al | oy. The Cr-Mn
all oy preferably contains 30 to 70 atomc % of Mh. In addition to

this, the Cr-M al I'Bie MAIRDHGidPIRip contrgd J@vaTris IRPSE AT duantity
O, % T el 85 WU SRR RS B iR M
uant of S 49 SAMATER USRS S Siahane Hgapeq gomsin
control layers are adjacently arranged in both sides of a.
region in the width direction intersecting with the
laminating direction of the magneto-resistance effect film.
10 The permanent magnet film composing the magnetic domain
control layer is made of, for example, Co.5Cr oPt;s,-
Co,5Cr,,Ta;s or the like, and the orientation control base
film is made of, for example, Cr. Further, the permanent
magnet film composing the magnetic domain control layer may
15 be made of, for example, Cog4Pt,,, and may be also made of an
alloy such as Co,5Cr,,Pt,5, C0,5Cr;,Ta;5 or CogoPt,, added with
an oxide such as Zr0O,, Si0O,, Ta,05 or the like. In these
cases, the orientation control base film may be eliminated,
and the first ferromagnetic film is controlled in a single
20 magnetic domain by the magnetic field generated by the
magnetic domain control layer. Further, the magnetic domain
control layer may be formed in a laminated layer film °
together with the antiferromagnetic film, the ferromagnetic
film and the orientation control base film. In that case,
25 it is desirable that the antiferromagnetic film is made of
an alloy selected from FegMn,,, Mng,Ir,,, NigMng,, Cr,;sMn,sPt;,

and the like, the ferromagnetic film is made of an alloy



made of any one of materials of a Co-Pt alloy, a Co-Cr-Pt al l oy and
these all oys containing at |east one substance anong Ti oxide, V

oxi de, Zr oxide, Nb oxide, M oxide, Hf 5 oxide, Ta oxide, Woxide, A

oxi de, Si oxide and Cr oxide; and particularly it is preferable that

t he permanent magnet filmis made of a mat eri al having a conposition
whi ch satisfy the follow ng Equation 1 2y Equati on 2.
Co[err]Cr[err]Pt[err] or ... (Equation 1) 10
(Co[err]Cr[err]Pt[err])[err](MJerr])[err] ... (Equation 2)
(where x=0.01~8e26¢tgd0fzeB, Na=De7g0009p bidePsisSCo-Fe group. 83+0ydb, CﬂkNét

| east one of Ti, V. Zr, Mo, Hf, Ta, W A, Si and Cr) S
preferabl e t hagrepecaiieysesrBdahbe @¥l§n§éiton1§°ﬁﬁ§ﬁétbésﬁhfth|%ﬁ]ﬂéﬁe
applying lateral bias_magnetic field to the rmagneto-resistance effect
filmis |arger°fhas- 7§PEghfrr thecﬁ¥tFFeF§°HP§BeE%EfEiéﬂl@aYhH? rade| afer al
bias filmis I ckel-iron all oy contai ni cke 78 to 84
atonic u 20 N0 SETRely el FACLRL 57 PaSe Bher REUCBEaF A nGPRhEOL HEaPR T s
ferronagnet# % h t he. nons ? # § conductive film the second

f err omagnet -t BAd Pﬁeeéﬁ? F fragnetic filmon t he second

ferromagnetic filmgAffe f aye§£§g5 ?hglegﬁﬁ°§ﬁgng%?}%ﬁ§£§Eg8C8 e££§ct

fil mconmposed of the mil erronagne

are cut off '”mEBﬁeQQEhdom 1nsb?ﬁ§r599?59@£ S ﬁ% ?hgf“é% LR ie&@fode
magnet o-r esi st ance I'm (the mndt |s I ned t e narrowest
w dt h is lamlnated on the antiferromagnetic film. The width of
the laminated layer of each of the electrodes and the
10 antiferromagnetic film is set to, for example, 0.5um. That
is, since the width of the magneto-resistance effect film
is smaller than 2um, each of the electrodes is laminated no
the magnetic domain control layer and the antiferromagnetic
film so that the electrode gap between the electrodeé
15 becomes 1.0 um. Each of the electrodes is made of a low
resistance metal such as Ta, Au, Cu or the like.

In a spin valve head having the antiferromagnetic film
made of an oxide such as NiO, CoO or the like, the magneto-
resistance effect film is laminated on the

20 antiferromagnetic film. Therefore, each of the pair of
electrodes is laminated on the magnetic domain control
layer, and part of each electrode is laminated on the first
ferromagnetic film. The antiferromagnetic film may be
replaced to a magnet.

25
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a hard disk



22 anong the widths cf the first ferromagnetic film the non-
magneti ¢ conductive filmand the second ferronagnetic filmnm becones a
predeterm ned width, for exanple, 2 [err]m The first ferromagnetic
filmas a free layer is formed of, for 5 exanple, a single |layer film of
Ni[err]Fe[err], N [err]Fe[err]Col[err], Co[err]Ni[err]Fe[err],
Co[err]Fe[err] or Co, and the filmsickness2is set to an opti nmum val ue
within the range of 2 to 15 nm The non- magneti c conductive filmis
made of, for exanple, Cu, and the filmthickness is set to an optinum
value in the rapgerafi@s of,adcsrédaamelweiti tlve Joreserdheirsesonibn.
ferromagnetic film as a fixed layer is fornmed of, for exanple, Co, and
t he filmthi ckiEGs 2sised perspeopivenviewl skowing he recerediig-

for exanple, 1 to 5 nm Further, the second ferromagnetic filmas a
fixed | ayer nmayegenevaibuagosepdvrtextyipe ethin f5ln|pagretydreddi m of

Ni 80Fe20, Ni[err]Fegerr]Cb[err], Co[err]Ni[err]Fe[err], CoJerr] Fe[err]
or Co, or a nulti-|&¥er 3iifn 2 PHEIPHFLIER VibeW nghowing yrme@ti¥ese fil ns.
The antiferronmagnetic filmis forned of , . f.or, exanpl e, ) )

Crierr] Nh[e’ir]PgF%?Ff? Shidehel? i FACRFARRFRSE TR KRt ﬁese%,l%?n‘é&%m e,
approximately 30 n her.than the nat erial s. descri bed abov { he
antiferromagnetic ??Fé%i 1S anf%Yﬁ%%f le?%rs%&%h%?e? %%ﬁ%ﬁ?ﬁ%ﬁé%ﬁ$],

Cer 11 r[er ] oh Lt LMY ertdor dhice i cfl £8S1500,8lc TRANSLi 28l 1 on Of the

second ferromag I xed SO as't e ofiented To the nedi um

facing surface FRY, e¥change-GoLRL Ly L d fLamNbE T SrgpLmanetd¢ film The
25 direction of magneti zation o? tﬁe ??rst %e?ronagnetlc ??In1 is set,
for exanple, igpbheavhdt indicestdLNcOiwife FRENSESsent invention.
10 FIG. 6 is a cross—-sectional view showing a spin valve
head in accordance with the present invention.

FIG. 7 is a cross—sectional view showing a spin wvalve
head in accordance with the present invention.

FIG. 8 is a cross-sectional view showing a spin.valve

15 head in accordance with the present invention.

FIG. 9 is a cross-sectional view showing an inductive
type recording head in accordance with the present
invention.

FIG. 10 is a view showing the manufacturing process of

20 the recording-regenerating separate type thin film magnetic

head in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Embodiment)

25 FIG. 1 is a schematic view showing a hard disk
apparatus having a magneto-resistance effect type

regenerating head of spin valve type in accordance with the



resi stance effect film and the direction of magnetization

23 Is varied by a nagnetic field of the magnetic recording

medium Further, the antiferromagnetic filmcan be repl aced to a

per manent magnet. The nagnetic dormain control layer is conposed
of a 5 lamnated filmof, for exanple, ignanent magnet film and an
orientation control base f|In1 and t he nagn I ¢ domain control |ayers
are adjacently arranged in both sides of a region in the width
direction intersecting with the | am nating direction of the

magnet o- r esi st aneseetf éovehtiom. IDPThEppeahuﬁeﬂ©mnﬁgﬁé$ $|@h$§0ﬁ%6§?h@°the
magneti c domain control layer is made of, for exa

Co[err] Cr[err] Phpétr p4 and aCEPéhﬁ}@?F@FP{TéPe?@f BPt?Fénglkﬁe dhdkt he
orientation control base | mi s, nmade of

r exa ) th
t he pigngnentdIOtft#?QnébaﬁFlﬁFcBnﬁbghnﬁpﬁﬁQ'nﬁﬁaePPﬁ agﬁg ﬂrCBnPrBFa$é§¥r
b d
%E Voy such as 8] Sisker ﬂﬁ???ﬁm QF(F:FLe”] e”{ﬂ’@??}ﬁﬁﬁirfgs‘}’lﬁgagﬁeg of an
Pt S
Ta%g;;}CIEE 518%%Phghﬁl gask, ﬁoFﬁg§8 ﬁa%%aggain Ck%%%é% a%?%giﬁ ntrol
base f11m My B3 Gl [Eﬁ%gg’lsks rfddelBeel | E3kn! BEN eHBORELLS hDIELI S

controlled in a'single omai n" by the magnetic field generated

by the magie %g%dd %thﬁgh kﬁ%eﬁisﬁukbbﬁflnbhghﬁﬁﬂn@ﬂ'CTH@”&th
control Iayer orne In a lamnated | ayer fil

40 is a disk having a certain radius and a certain
thickness, and permanent magnet films are formed on the

10 both'sﬁrfaces to be used for information recording surfaces.
The apparatus further comprises a head positioning rotating
shaft 62 and a voice coil motor 63 for driving the rotating
shaft outside the disks 40, and a plurality of access arms
61 are attached onto the head positioning rotating shaft 62,

15 and a recording-regenerating head (hereinafter, referred to
as “head”) 60 is attached to a top end of each of the access
arms 61. Thereby, each of the heads is moved along the
radial direction on each disk 40 and positioned at a
predetermined position by rotating the head positioning

20 rotating shaft 62 by a predetermined angle. Each of the
head 60 is held at a position being several tens of nm
distant from the surface of the disk 40 using balance
between a buoyant force produced when the disk 40 is
rotated at a high speed and a pushing force of a gimbal of

25 elastic body composing a part of the access arm 61. The
spindle motor 65 and the voice coil motor 63 are

‘ respectively connected to a head disk controller 66 which



together with the antiferromagnetic film the ferromagnetic filmand
the orientation control base film In that case, 25 it is desirable that
the antiferromagnetic filmis nade of an alloy selected from
Fe[err]Mn[err], Mferr]lr[err], N[err]Mferr], Cflerr]M[err]Pt[err]

and the like, the ferromagnetic filmis nmade of an all oy

24 sel ected from N -Fe group aIons,Zﬁo-Fe group alloys, Co-N

group alloys, and the orientation control base filmis made of Ta.
Further, the antiferromagnetic film may be made of Ni O or CoO and in
this case the ooriterdlad imotaning dpdeasef THd Idnskayd barel ipdgidtiech of the
Each of the pair of electrodes is |am nated on the magneti ¢ domain
control |ayer heatl ¢gart of each el ectrode is lam nated on the
antiferromagnetic film The w dth of the | am nated | ayer of each of

the el ectrodes and ¥He 2 (is s#ntRgranastigifetViey ishawinga nagngtgc deadl e,
O0.5[err]m That I's,, since the wdth of the nagneto-resistance effect
film i s IAVIG ahahE It R Fetotha & Read fes 3 JARYRR ed no

t he magneti.c domajn control_| ayer and the antiferromagnetic film,
that the cBectTOUE ERFDAVIRAT (1B RRATUTE 11 BaRet e SCLRF AT L tnch

of L Bl et oES 2B Sludhd s e PRSP UL S e,
film naderé)éer?é}é)ﬁﬁbe ﬁég&] vﬂﬁé\ﬂ %on&ﬂqﬂs tyqddé&e,sﬂi@mn’etao-

magneto-resistance effect film 23, a magnetic domain
control film 25, and electrode terminals 11; and an

10 inductive type recording head, a lower gap and an upper gap
which are not shown in the figure, and a coil 7 which
generates a magneto—ﬁotive force in an upper magnetic core
9 and an upper shield 4 which concurrently operates as a
lower magnetic core. |

15 FIG. 3 is a perspective view showing a negative
pressure slider. The negative pressure slider 70 comprises
an air introducing surface 71; a negative pressure
generating surface 78 surrounded by two positive pressure
generating surfaces 77, 77 for generating a buoyant force;

20 and a groove 74 having a step larger than the step of the
negative pressure generating surface 78 in the boundary
between the air introducing surface 79 and the negative
pressure generating surface 78, and between the two
positive pressure generat;ng surfaces 77, 77 and the

25 negative pressure generating surface 78. In air exhaust
ends 75 there are arranged an inductive type recording head,

to be described later, for recording information into a



resistance effect filmis lamnated on the 20 antiferromagnetic film

Therefore, each of the pair of el ectrodes is |am nated on the nmagnetic
dormai n contr ol | ayer, and part of each electrode is |amnated on the
first ferromagnetic film The antiferromagnetic filmmay be

replaced to a magnet. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a schematic view showing a hard @Bsk '

25 apparatus in accordance with the present invention. FI G
2 is a perspective view showi ng a recordi ng- regenerating separate

type thin fil magpeni€ld @igaédnd am MR serfSod, 3d Hed qeverieeld latdrgwior
showi ng a negative 5 pressure slider in accordance with the present
i nventi on. regeneradfi@g 4hichamanmeertdlin \fiidm stagmieiyg ca herghetliemethitsk 76

apparatus in accordance with the present invention. FIG 5is a
concept ual di aft aeasirdingi-dleganexnating seppaadteudype decngatde® with t he
present invention. 10 FIG_6 is a cross-sectional view show ng a
spi n val ve strycanen sheodr danddGvi t?h t he present invention.

FIG 7 is a cross-sectional view show ng a spin valve head in

accordancedwi t h t hdsteddift nadpditieopressure sliderg 70 iiss ffoating, air

Cross-seCtiOn%negéa%éggm@ﬂy%éaﬁﬂgﬂé\gﬁfﬂintroducing surface 79 is
expanded iﬁ the negative pressure surface 78. Since part of
the air flows toward the groove 74 at that time, an air
flow from the air introducing surface 79 to the air exhaust

10 end 79 exists inside the groéve 74. Therefore, even if dust
suspending in air is introduced through the air introducing
surface 71 when the negative pressure slider 70 is floating,
the dust is introduced inside the groove 74 and is carried
away by the air flow inside the grooﬁe 74 to be exhausted

15 outside the negative pressure slider 70 through the air
exhaust ends 78. Further, since air inside the groove 74
always flows and does not stagnate when the negative
pressure slider 70 is floating, the dust cannot be
flocculated.

20 FIG. 4 is an overall perspective view showing an
embodiment of a magnetic‘disk'apparatus in accordance with
the present invention. The magnetic disk apparatus
comprises a magnetic disk for recording information, a DC
motor, not shown in the figure, for rotating the magnetic

25 disk, a magnetic head for writing and reading the
information, a positioning mechanism for supporting and

changing the position of the magnetic head to the magnetic



15 head in accordance with the present invention. FIG 9is a

cross-sectional view show ng an inductive type recording head in
accordance with the present i nventi on. FIG 10 is a view
showi ng the manufacturing process of 20 the recording-regenerating
separate type thin film magnetic head,in accordance with the present

i nvention. DETAI LED DESCRI PTI ON OF 9HE PREFERRED EMBODI MENTS

(Enmbodi nent) 25 FIG 1 is a schematic view showi ng a hard di sk
apparatus having a magneto-resistance effect type regenerating head of
spin val ve tyBéskn 4bBabrdancanwhchugher and a voice coil motor. The

26 present invention. The apparatus conprises a disk rotating
shaft 64 and §1§HFﬁdFE°WﬁtBP GSaPEFerbﬂaWhhs tﬁévﬁl@RgnetlFo@kaﬁga§ﬁaft at

Pt onondt AT aREs, ook, SinSaB FoBatida rta®hoEar tRgPonart hY Ental’

certain spaci the di sks. Therefore, each of the disks 40 is
rot at ed togetﬂgmowytﬁgPﬁgggVSk rotating shaft 64. The disk 40 is a disk

R0 ok AGkUEaRY BoCERLR: BaveashANELTEES " RoRELTROER! BATA

recording surfagegh sensitive MR sensor having excellent MR effects such
as capability of recording to a high magnetic coercive
force medium in a high frequency band, a media transmission
speed higher than 15 MB/second, a recording frequency

10 higher than 45 MHz, a data transmission speed higher than
magnetic disk 400 rpm, reducing of access time, increasing
of recording capacity. Therefore, it is possible to provide
a magnetic disk apparatus having an area record density
larger than 3 Gb/in?.

15 FIG. 5 shows an example of a disk array apparatus
which is assembled by combining a plurality of magnetic
recording—regene;ating apparatuses described above. In this
cdse, capability of processing information is improved and
reliability of the apparatus is also improved since the

20 plurality of magnetic recording-regenerating apparatuses
are operated at a time. There is no need to said that
performance (low error rate, small consuming electric
power) of each of the magnetic recording-regenerating
apparatuses is high. Therefore, the high performance

25 complex head is also inevitable in this case.

FIG. 6 is a structura; view of an embodiment of a spin

valve head showing the surface facing a recording medium.



The apparatus further conprises a head positioning rotating shaft 62

and a voice coil notor 63 for driving the rotating shaft outside the
di sks 40, and a plurality of access arns 61 are attached onto the head
positioning rotating shaft 62, 15 and a recordi ng-regenerati ng head
(hereinafter, referred to as "head") 60 is attached to a top end of
each of the access arms 61. Thereby, ed@h of the heads is noved al ong
t he radi al direction on each disk 40 and positioned at a

predeterm ned position by rotating the head positioning 20 rotating shaft
62 by a predet geffeiedingngbeFIBach, othehepin vabeedhéadi $ghehtd magaeposition
bei ng several tens of nm distant fromthe surface of the disk 40 using
bal ance beesdetaackuefdettf type beedlicednehzncted dssk #egeperating
rotated at a high speed and a pushing force of a ginbal of 25 elastic body
conposi ng a pamagoktpheesistencar kype. effect headpcaupsigssor B8IBRARGOrhe

voi ce coil notor 63 are respectively connected to a head disk
control | er 66 wWesdstance effect film 10,  a magnetic domain conjfyol layer

controls rotating speed of the disk 40 and_position of the hea% 60.
FIG 2 is adpert€pddd fePil&ninhEheryradRagnéri anfete magngLorrgsaftance

ogener ati ng. hESderT 4008y d0nde WARHRated Bnoap, aBTiTeRRoRRBPERICIRATR 1e.
megnetic head q%%n&%g%eto—resistance effect film 10 is formed in a multi-

layer by laminating a plurality of films having a size
corresponding to a track width of a magnetic recording

10 medium. The multi-layer film is composed of a first
ferromagnetic film 18, a non-magnetic conductive film 20,
second ferromagnetic films 22, 24, and the second
ferromagnetic film 24 is.laminated on an antiferromagnetic
film 16. The multi-layered films are laminated in a-state

15 of being cut off in a size corresponding to a certain width
(width 26 of the magneto-resistance effect film). The first
ferromagnetic film 18 as a free layer is formed of, for
example, Ni-Fe, Co-Fe, Co-Ni-Fe or the like, and the film
sickness is set to 5 nm, preferably 2 to 15 nm. The non-

20 magnetic conductive film 20 is made of, for example, Cu, .
and the film thickness is set to.2 nm, preferably 1 to 5 nm.
The second ferromagnetic films 22, 24 compose a laminated
film as a fixed layer, and is formed of, for example, Co,
and the film thickness is set to 1 nm, preferably 1 to 5 nm

25 in the both second ferromagnetic films. The
antiferromagnetic film 16 is formed of NiO, and the film

thickness is set to 50 nm, preferably 20 to 80 nm. The



regenerati ng head which conprises a |ower shield 21, a

magnet o-resi stance effect film 23, a magnetic donmain control film 25,
and electrode termnals 11; and an 10 inductive type recording head, a

| ower gap and an upper gap whi ch are not shown in the figure, and a
coil 7 which generates a magnet o- nDtlﬁi force in an upper magnetic
core 9 and an upper shield 4 which codéurrently operates as a

| ower magnetic core. 15 FIG 3 is a perspective view showing a
negative pressure slider. The negative pressure slider 70 conprises
an air introddiiregtionf afemagnes izegdonyefpitbes second fegaomegmnietdcsur f ace
78 surrounded by two positive pressure generating surfaces 77, 77 for
generating a Kudy@nQZhoﬁéels Z0.xedd s@ gﬁo@@eb¢4°ﬁé¢mﬁ@dat9tébel@ﬁ@éﬁmkhan
the step of the ative pressure generating surface 78 in the
boundary f@@@ﬂ@éﬁ C& PYi RXCHAREEN§o¥RILa¥a tho th®d t he negati ve

SRR Uy BTSSR R ] “’33@[ .tdglgeﬁfté@tm 5uPE GeRBERiAAY L0 f nce
78. | h 75 th d t i
recorglﬁbrﬁgg %%e Qﬁ§%§;£§§5ﬂﬁﬁ§§§% %F gggﬁgbggﬁ:ggu%hl§?ﬁéﬁgbn i'nt o

a

m MR
sensor, to bet&escrldb dllarteecrtlo °f therénggnerat |resj‘%|%2’h%tehave %’Jh£ ﬂ'lnﬁm

magneti c heada%d?@ﬂgﬁaiyéctlon of magnetization is varied in a direction
normal to the plane of the figure by a magnetic field of
the magnetic recording medium. The thickness of the first
10 ferromagnetic film 18 is approximately 2 to 3 times as
thick as the total thickness of the second ferromagnetic
films 22, 24. _
The magnetic domain control layer 12 is composed of a
laminated film of a permanent magnet film 28 and an.
15 orientation control base film 30, and the magnetic domain
control layers 12 are adjacently arranged in both sides of
a region in the width direction intersecting with the
laminating direction of the magneto-resistance effect film
10. The permanent magnet film 28 is made of, for example, a
20 Co~-Cr-Pt alloy, and the orientation control base film 30 is
made of Cr, and has a thickness of 10 nm, preferably 5 to
20 nm. The first ferromagnetic film 18 is controlled in a
single magnetic domain by the magnetic field generated by
the magnetic domain control layer 12. The magnetic domain
25 control layer 12 is arranged in nearly the same level as
the first ferromagnetic film 18, and the thickness of the

magnetic domain control layer is set to 10 nm, preferably 4



of recording-regenerating separate type having the structure shown in
FIG 2. 5 When the negative pressure slider 70 is floating, air

i ntroduced through the air introducing surface 79 is expanded in the
negative pressure surface 78. Since part of the air flows toward the
groove 74 at that time, an air fIOM/fr£n1the air introducing surface
79 to the air exhaust 10 end 79 exists instde the groove 74. Therefore,
even if dust suspending in air is introduced through the air

i nt roduci ng surface 71 when the negative pressure slider 70 is

f1 oati ng, tot B omst abd mareopuederahdiyd® thel§romve 74 and is carried
away by the air flow inside the groove 74 to be exhausted 15 outside the
negative pressure Seichepf7fhenpadghofhelgctrodes dghigsdapinated oputbRer
since air inside the groove 74 alm%ys flows gnd does _not stagnate when
the negative Magnelicsdopeiy c@BLred ilaverodfingnd RETGuSE E3Ffot be

fl occul at ed. 0 FIL.G, 4. is.an_ _overall  perspecti.ve view show an
enbodi nent ofeieﬁﬁﬁﬁgFi&4dﬁ§kl&BﬁBP&F&S°Pnt&@cgigiﬁcgeﬁfpﬁagnetlfhgqﬁ esent
i nvention. _The ;ma i ¢ _di ppar S rih,ges .a i {.S or
recordi ng ?nfgﬁﬁagg%%,ig’D%gcg g%ngbgr?138Fr§§g%n1?niﬁhégﬁg%§%§? gorléhfe

rotating the F3gae! irer emalnii A r1AANTE aniCAMe! QaghihlikNAohadn’ Eadiag ! he
i nformation, a positioning mechanismfor supporting-an changi ng the
position of they@onetise Readot Rekpe amB@1@itéode gap 32 between the
electrodes. Each of the electrodes 14 is made of a metal
such as Ta, Au, Cu or the like, and the electrode gap 32
10 between the both electrodes 14 is set narrower than the
width 26 of the magneto-resistance effect film.
In a spin valve head, intensity of the output signal
is proportional to a product of specific resisfance change
A o, which is an intrinsic property of the spin val&e film,
15 and cosine cosA O of an angle Af between directions of
magnetization of the first ferromagnetic film and the
second ferromagnetic film. It is known that the spin valve
‘head is more sensitive than an BMR head because the
specific resistance change Ap of the spin valve head is
20 two or more as high as that of the AMR head. Here, assuming
that the direction of magnetization of the second
ferromagnetic film is fixed-in a direction-perpendicular to
the medium facing surface, for example, in a nearly
downward direction (minus 90° ), cosA 8 can be rewritten as
25 cos(68+90° ) using an angle O between the direction of
magnetization of the first ferromagnetic film and the

'medium facing surface. That is, the intensity of the output



29 di sk, that is, an actuator and a voice coil notor. The figure
shows an exanple in which five nagnetic disks are attached to a single
rotating shaft to increase the total menory capacity. 5

According to this enbodinent, it is possible to obtain a high
sensitive MR sensor having excellent MR efﬂggts such as capability of
recording to a high magnetic coercive rce mediumin a high frequency
band, a nmedia transm ssion speed hi gher than 15 MB/second, a recording
frequency 10 higher than 45 MHz, a data transm ssion speed hi gher than
magneti c di sk ﬂ@@n¢bn45rE%QR@FE}Qﬂabﬁ@b§§UI5ne?ﬁ%ﬁ9ﬁ2§§hngn ordegf to make
recordi ng capacity. Therefore, it is possible to provide a magnetic

t
di sk appar at ustRESRREE AP RERE r‘lﬁ&iP%F dbtnal changed hieanhn & Cﬁ'}in[ err].
15 FIG 5 sh | f i rat o i C
assenbl ed by c%ﬁ%gﬁgdgga g?&r ﬁﬁ?fegﬂrhgéﬁg&%%x %ngrgﬁg?dpngtrﬁﬁhﬁﬁﬁ%ﬁ?hg

harmat s on | <oipPovee i of hagiftiantidy G R S Mo PG

| mproved signceed fig 5 200 o U1 Yo Of; SRR G 00T 81 N TEPIR AL Ges cing

appar at use are oper e 1S no nee 0 Ssal

performence (| gy g5col ER1E. 1Ml LUIPAM SR | Gireceiiover) of each

of the magnetic recording-regenerating apparatuses Is bh. Ther ef or e,
the hi gh performancerc 257 cogmd extRedtehit $1 o S | SleriedP| £ dphint RSl v Sead

FIG 6 is a structural view of an enbodi nent of a spin

in which an alloy such as Fe-Mn group alloys, Ni-Mn group
alloys or Cr-Mn group alloys is used for the

10 antiferromagnetic film 16 of the spin valve instead of NiO.
One of the second ferromagnetic films 22, 24 may be
eliminated. As shown in FIG. 7, laminating direction of the
magneto-resistance effect film 10 is different from that of
FIG. 6, and the antiferromagnetic film 16 is laminafed on

15 the magneto-resistance effect film 10. Further, in both
cases of FIG. 6 and FIG. 7, the antiferromagnetic film 16
can be replaced to a permanent magnet film. The thickness
of each layer in this figure is the same as that in FIG. 6.
The magnetic domain control layer 12 is in a level lower

20 than the upper surface of the.antiferromagnetic film 16.
| Further, a spin valve type giant magneto-resistance
effect film using an Fe-Mn alloy as the antiferromagnetic
film 16 comprises a film construction of FeMn (10 nm)/ NiFe
(5 nm)/ Cu (2 nm)/NiFe (5.nm) 23, electrodes 28 for

25 cohducting current and a magnetic domain control film 25
for stabilizing magnetié domain of the giant magneto-

- resistance effect film. The regenerating track width is 0.8



val ve head shoﬁﬁng the surface facing a recordi ng nmedi um

30 Referring to FIG 6, the spin valve head (gi ant nagneto-
resi stance effect type head) constructed as a regenerating
magnet o-r esi stance type effect head conprises a nagneto- resi stance

effect film 10, a nmagnetic domain control Izyer 5 12 and a pair of
el ectrodes 14, and the nmagnet o-resi stance 3 effect film10 is | am nated

on an antiferromagnetic film 16. The magneto-resistance effect film 10
is formed in a nmulti- | ayer by laminating a plurality of filnms having
a size comespostiead o6 a spavkvaldehtypeagiaghenponetoorgrhgtange
medium The nulti-layer filmis conposed of a first ) ferromagnetic film
18, a non- magradtfiectedridactddve o iquwaned, junctioscdy®e Gisgrtadaanedoi|ns 22,
24, and the second ferrona%petic film24 is |lam nated on an

anti f err omagnéig i stance jqhfierd TR MAY iCOMRFdSed & ifitd SR URGTH O8I 9t a
state 15 of i t off, i size correspandi t.o_a rtaj 1 d
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ferromagnetic fj,l as frree layer is fornmed of, for exanpl e,

Ni - Fe, Co- e,I?%Ldgﬁﬁ§§ Jﬁgfﬁg‘like, and the film sickness is set to 5
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CoFe (1 nmm), Cu (25 nm), CoFe (3 nm), CrMnPt (30 nm) and Ta
(5 nm) are successively laminated from the side of the
10  lower magnetic shield 1, and Co~-Cr-Pt alloy layers as hard
bias layers in the both sides and electrodes (Ta) 28 are
provided. By.doing so, the resistance varying rate of 6.5%
can be attained. The CoFe layer in the upper layer becomes
a fixed layer, and the CoFe layer and the NiFe layér in
15 the lower lﬁyer become free layers.

Furthermore, a still other example of a film
construction of the spin valve head is that layefs of Ta (5
nm), NiFe (5 nm), Cu (2 nm), Co (1 nm), FeNi (1 nm), CrMnPt
(50 nm) and Ta (5 nm) are successively laminated from the

20 side of the lower magnetic shield 1, and hard bias layers
and electrodes are provided as the same as in the above.

FIG. 8 is a structural view showing a dual spin valve
head which is an application of the spin valve head in
order to increase intensity of output signal of the spin

25 valve head. The construction of the magneto-resistance
effect film 10 in this case is composed of a first

ferromagnetic film 18, second ferromagnetic films 22, 24



filmas a fixed layer, and is formed of, for exanple, Co, and the film
thickness is set to 1 nm preferably 1 to 5 nm 25 in the both second

ferromagnetic filns. The antiferromagnetic film16 is forned of N Q
and the film thickness is set to 50 nm preferably 20 to 80 nm The
31 direction of magnetization of the second ferronmagnetic films
22, 24 is fixed so as to be oriented to thed¥edi um facing surface by
exchange couple with the antiferromagnetic film 16. The direction of

magneti zation 5 of the first ferromagnetic film18 is set, for exanple, in
the width d|re@hbhnoﬁfwhhehnhgaefmxeésdsrauteoafbécmaGnEhﬁzatlonanah@hé
direction of magnetization is varied in a direction normal to the

pl ane of the fifgurembgnetiagfié¢ime Bbel d8of 2 non—mhgnﬁﬁgﬁespedpééévauﬁglm
medi um The thickness of the first 10 ferromagnetic filml

appr oxi mat el y Zoténgeftﬁésb§§ween thgi §kras fﬁérPﬂﬁgpthFcﬁﬁé§518faPﬂethe
second ferromagnetic fil l,c do
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ferromagnetic films 22, 24 are laminated on an
antiferromagnetic film 16, and an antiferromagnetic film 40
is laminated on the third ferromagnetic films 36, 38. The
10 first ferromagnetic film 18 is constructed as a free layer
which is made of, for example, NiFe, CoFe, CoNiFe, or the
like, and has a film thickness of 5 nm. Each of the pon—
magnetic conductive films 22, 24 and the third
ferromagnetic films 36, 38 composes the laminated film as a
15 fixed layer. The second ferromagnetic film 22 and the third
ferromagnetic film 36 are made, for example, of Co, and the
film thickness of each of the both films is set to 1 nm.
For example, a NiFe alloy is used for the second
ferromagnetic film 24 and the third ferromagnetic film 38,
20 and the film thickness of the both films is set to 1 nm,
preferably 0.5 to 3 nm. The antiferromagnetic films 16, 40
are made of an appropriate material selected from the group
consisting of oxides such as NiQO, CoO and Fe-Mn group
alloys, Ni-Mn group alloys, Cr-Mn group alloys. Therein,
25 the antiferromagnetic films 16, 40 may be made of the same
material or may be made of different materials, and may be

replaced to permanent magnets. Further, one of the second



10. The permanent magnet film 28 is nmade of, for exanple, a 20 Co-Cr-Pt

all oy, and the orientation control base ftIm30 is made of Cr, and has
a thickness of 10 nm preferably 5 to 20 nm The first ferronmagnetic
film18 is controlled in a singl e magneti ¢ domaiin by the magnetic
field generated by t he magnetic donai% control layer 12. The magnetic
domain 25 control layer 12 is arranged in ﬁearly the sane | evel as

the first ferromagnetic film18, and the thickness of the magneti c
domain control layer is set to 10 nm preferably 4

. 32 to 3Femrorastetdice filase2dhl w45 may DS ﬁ!ﬁqlmlnated, andy SR MG agdy
pair of electrodes 14 is Ian1nated on the neti ¢ _domain control

| ayer 12, and o5& foftheadhird @@@96@5154ﬂ%&“saﬁ@na@@dméﬂ e first
ferroma netlc f|In1 5 18. a each of t el ectrod 14 i s | am_.nat ed
on the ’ &ﬁ@tﬁ@lﬂhq%SPSOJhﬁaﬁﬁb 3#%& E%GGh&PH e&&ntro

| ayer 12 so a to keep an r 32 bet ween the el ectrodes.
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[err] between directions of

film of an alloy such as Fe-Mn group alloys, Mn-Ir group
alloys, Ni-Mn group alloys, Cr-Mn group alloys. In this

10 case, better characteristics can be obtained when the
orientation control base film 30 is replaced to a Ta film
or the like. The magnetic domain control film 12 is formed
in a level lower than the upper surface of the magneto-
resistance effect film 10. |

15 FIG. 9 is a cross-sectional view showing a recording
head portion of an inductive type thin film head used in
the hard disk apparatus of the present embodiment. The thin
film head comprises a lower magnetic film 84 and an upper
magnetic film 85. A non-magnetic insulator 89 is attached

20 between these magnetic films. Part of the insulator defines
a magnetic gap 88. - A supporting body is a form of slider
having an air bearing surface (ABS), and the slider
accesses to a rotating disk medium to float while the disk
file is being operated.

25 The thin film head has a back gap 90 formed by the
upper magnetic film 85 and the lower maénetic film 84. The

back gap 90 is separated from tﬁe magnetic gap through an



magneti zation of the first ferromagnetic filmand the second
ferromagnetic film It is known that the spin val ve ~ head is nore
sensitive than an AMR head because the speci fic resistance change

[err] of the spin valve head is 20 two or nore as high as that of the AMR
head. Here, assum ng that the directi of magneti zation of the second
ferromagnetic filmis fixed in a direction?gérpendicular to t he nmedi um
facing surface, for exanple, in a nearly downward direction (mnus
90[err] ), cos[err] can_be rewitten as 25 cos([err]+90[err] ) using an
angl e [err] betrPasrd dfidiect8’on of magneti zation of the first

ferromagnetic filmand the medi ym f.aci n urface., That is, .th
i nt ensi ?y of the outhgtcontinuous coilfl. 87a is Slayer formeé on the §é>wer
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alloys or Cr-M group alloys is used for the 10 antiferronagnetic film 16

of the spin val vEatqet esectfrid @ontact @wir frherifee athifril pognetin
films 22, 24 may be
the outer end portion of the coil. The contact points are
connected to an external line and a reading~and-writing
10 signal processing head circuit, not shown in the figure.

In this embodiment, the coil 87 formed in a single
layer has a slightly distorted oval-shape, and a portion of
the coil having small cross-sectional area is placed at a
position close to the magnetic gap and the cross-seétional

15 area graduaily increases as the distance from the magnetic
gap increases.

However, the oval-shaped coil has a comparatively
higher density of coil wires between the back gap 90 and
the magnetic gap 88, and éccordingly the coil width or

20 cross-sectional diameter in this region is small. Further,
large decrease of the cross section at a portion far
distant from the magnetic gap results in decrease of its
electric resistance. Furthermore, the oval-shaped
(elliptic) coil has a small resistance to current since it

25 has no corners, no sharp edges and no sharp ends. In
addition to this, the oval-shaped coil can make the total

length of the conductor shorter compared to a rectangular



elimnated. As shown in FIG 7, lamnating direction of the

magnet o-resi stance effect film210 is different fromthat of FIG 6,
and the antiferromagnetic film16 is lam nated on 15 the

magnet o-resi stance effect film10. Further, in both cases of FIG 6
and FIG 7, the antiferromagnetic film 16 can be replaced to a

per manent nmagnet film The thickness §$ each layer in this figure is
the sane as that in FIG 6. The magnetic domain control layer 12 is in

a level lower 20 than the upper surface of the antiferromagnetic film 16.
Further, a sprRidappd &ypérgRaat &ﬁgﬁ@réhﬁ9§¢§tﬁﬁéé As aeF?ééitfP¢n1u5|ng
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effect filt™h may Cconprise a | m"construction / NiFe (5

E”)/ Co (3 n”kbé&ﬁ%ﬁrhgkarer@@n@”k&lﬁnc6§la§se9”EﬁoNbE@léﬁ ARK-
urther, another exanple of a filmconstruction of spin val ve head
is that |ayergxphnkaohbofmMtheNthen( $ilf) layer, and eliminates the cause

of ball-chip projection in the air bearing surface.

A conventional plating method, which is more

10 economical than a sputtering method or a vapor deposition
method, is available to form the oval-shaped coil in which
the width of the coil changes nearly uniformly. In a coil
having another shape, particularly a shape with corners,
the structure of plated width is likely to become unéven.

15 Elimination of corners and sharp edge portions affects less
mechanical stress on a completed coil.

In this embodiment, the coil with many turns is oval-
shaped and is formed between the magnetic cores, and the
cross-sectional diameter gradually expands from the

20 ﬁagnetic gap toward the back gap, and the intensity of
output signal is increased and the heat generating rate is
decreased.

In this embodiment, the upper and the lower magnetic
films of the inductive type recording head were formed by

25 the electroplating method as described below.

An inductive type thin film head having an upper and a.

'lower magnetic cores was manufactured. The upper and the



CoFe (1 nm, Cu (25 nm, CoFe (3 nm, CrwvPt (30 nm and Ta (5 nm are
successively lamnated fromthe side of the 10 |ower magnetic shield 1,

and Co-Cr-Pt alloy |ayers as hard bias |ayers in the both sides and
el ectrodes (Ta) 28 are provi ded. By doing so, the resistance varying
rate of 6.5% can be attained. The CDFg | ayer in the upper |ayer
becones a fixed |layer, and the CoFe | 9er and the NiFe layer in 15
the | ower | ayer becone free | ayers. Furthernore, a still other
exanple of a film construction of the spin valve head is that |ayers
of Ta (5 lewpr mas@e(tscmpre@;wezenﬁprm@d by ﬁﬁfmerzemateau%#yl e@:r BhPt
(50 nm and Ta (5 nn) are successively lamnated fromt f the
| ower nagnet|§°§ﬁP$P@n1°faH§ Rir 3 -5i 889 Ryeting cur&ﬁatePQBFFGHeQ g
provi ded as the sape.,as in the a a str Vi ew
how ng - dualaim i) 9ebatingaSathnFeRts tning Abhr | 65 160 Tof/ the tent
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films 36, 38, "a non-rmagnetic conductive fil 20 inserted between the
first ferromagnghsC whaisl @218 andrehqweight %), and the magnetic
properties were that the saturation magnetic flux density
(Bg) was 1.64 T, the difficult axis magnetic coercive force
10 (He,) was 0.5 Oe and the specific resistance () was 48.1 u
Qcm. The thin film magnetic head comprised the upper
magnetic core 85, the lerr magnetic core 84 also serving
as an upper shield layer and a coil 87. The thin film
magnetic head further comprised a magneto-resistance-effect
15 type element 86 for regeneration, electrodes for feeding
sensing current to the magneto-resistance effect type
element, a lower shield layer and a slider. The grain size
of the magnetic core in this embodiment was 100 to 5004,
and the difficult axis magnetic coercive force was smaller
20 than 1.0 OQe.

In order to evaluate the above-mentioned construction
in accordance with to the present invention, performance
(over-write characteristic) of the recording head was
measured, and the result showed good recording performance

25 of approximately -50 dB even in a high frequency band above
40 MHz,.

According to the embodiment, a large magneto-



second ferromagnetic film 22, and a non-nmagnetic conductive 5 film 34

I nserted between the first ferromagnetic film 18 and the third
ferromagnetic film36. The second ferromagnetic filns 22, 24 are

| am nat ed on an antiferromagnetic film 16, and an antiferromagnetic
film40 Is lam nated on the third ferromagnetic filnms 36, 38. The 10
first ferromagnetic film18 is constructedds a free | ayer which is
made of, for exanple, N Fe, CoFe, CoN Fe, or the li ke, and has a film
t hi ckness of 5 nm Each of the non- magneti c conductive filns 22, 24

and the third resisfaniconiMRictresdorss &) 1838 adurgiosss he [lav regipddoefd | m
as a 15 fixed layer. The second ferromagnetic film22 and the third
ferromagnet i c Madnei3e afieihdy the megndice;refistmnemdMiie effectf isapsor

t hi ckness of each of the both filns is set to 1 nm For exanple, a

Ni Fe all oy is haseng ot Mt iselayrr dual fspimorita)ied istrugtuees die Mfe third
ferromagnetic film38, 20 and the filmthickness of the both fllns |s set

to 1 nm ?ﬁ’@%‘é‘?"h‘fﬁ V9.5 kaninafgd ﬁ?er%ﬁqqeer%?e’ﬂ% Fi4Fstre,2 40
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first and the third ferromagnetic films are fixed. The
intermediate layer of the second film is soft magnetic, and
10 the direction of magnetization is essentially perpendicular
to the fixed directions of magnetization of the two
ferromagnetic films in the outer sides when the applied
magnetic field is zero. The directions of magnetization of
the first and the third ferromagnetic films.are fixéd by
15 various methods including hard bias or exchange bias by
adjacent antiferromagnetic films.

The directions of magnetization of the two
ferromagnetic layers in the outer sides are fixed in
parallel to and opposite to each other, and therefore, one

20 of the fixed layer acts to hold magnetic flux of the other
of the fixed layer. The direction of magnetization of the
intermediate second ferromagnetic layer can be freely
rotated by an applied magnetic field. Electric resistance
of the first ferromagnetic layer and the second

25 ferromagnetic layer and electric resistance of the second
ferromagnetic layer and the third ferromagnetic layer are

vary as a cosine function of an angle between the



36 ferromagnetic filns 22, 24 may be elimnated, and simlarly

one of the third ferromagnetic filns 36, 38 may be elimnated. The

t hi ckness of each of the other layers is the sane as that of FIG 6.

5 In each of the above-nentioned spin val ve heads, the per manent
magnet film 28 may be replaced to a | am nated filmof a N -Fe group
alloy filmand an antiferromagnetic fi4lm of an all oy such as Fe- M
group alloys, M-Ir group all oys, N -M group alloys, Cr-M group
alloys. Inthis 10 case, better characteristics can be obtai ned when the

orientation cogirettbsns éf magletbzaepdrcetl tive apdrfofmhe  or the like.
The magnetic domain control film12 is forned in a level |ower than

t he upper surfa¢erohaghet bagheyers. Wheneshstdireceidmcdf fmagndOizatibon
FIG 9 is a cross-sectional view show ng a recording head portion of
an inductive tgpethéi intermedbate uSeelei bayer isheotated dfsimappdivection
the present enbodi nent. The thin fil mhead conprises a | ower nagnetic
film 84 and anneapky paralhejneeitheidhrestion noh-nagretizatioul af okh89 is
attached 20 between these magnetic filns. Part of_ the insul ator defines
_a nagneti c gapf8Bst Afixpdotayey R0y directiem peaklyderrallel nieitiean air
bearing surfac ,gQBS , and the sljder, accesses to_a rotating djsk
medi um to fl oaflHRFF o?h%gdm§?n9tlza§+?% 2 B%?nbhbﬁérgfﬁﬂg f%%eg' £§eThe
thin fil mhead_has back gap 90 forned by the er.ngggﬁt' [ 85
and the | ower ﬁﬁﬁﬁﬁ???c?i?ﬁ1§ﬁ? SHaser Ch%%%?sggﬁpﬁogﬁ %%% ra e%g+%o%$}he
magnetic gap t@ﬁguﬂgxfﬂum value.
Further, as a preferable example, it is possible to
10 employ a multi-layer spin vaive structure in which the
directions of magnetization of the two ferromagnetic layers
in the outer sides are parallel to each other and the both
are perpendicular to the direction of magnetization of the
intermediate ferromagnetic free layer.
15 FIG. 10 is a cross-sectional view showing the
manufacturing process of the recording-regenerating
separate type magnetic head. A recording head portion is
composed of an upper magnetic core 9, a lower magnetic core,
a magnetic gap film 5, a conductor coil 7 and an insulating
20 film 68 for insulating the conductor coil 7 and the upper
and the lower magnetic cores. In this figure, an upper
magnetic shield of the regenerating head also serves as the
lower magnetic core of the recording head. FIG. 10 (a)
indicates that the regenerating head portion is formed by
25 forming the lower magnetic shield 1, the spin valve type

giant magneto-resistance effect film 2, the electrode and

the magnetic domain control film 3 and the upper magnetic



37 I nt er posed coil 87. The continuous coil 87 is a |layer
formed on the | ower magnetic film84 by, for exanple, plating, and the
coil 87 and the |l ower nagnetic film 84 are el ectro-magnetically 5
coupl ed. The coil 87, which is buried in the insulator 89, - has an

el ectric contact point in the center of the coil and a larger electric
contact point in the termnal point in 42t he outer end portion of the
coil. The contact points are connected to an external line and a

readi ng-and-witing 10 signal processing head circuit, not shown in the
figure. shielldn 4t hilsceskeadimgnts the dower8mnagoeted icors sifnghe

| ayer has a slightly distorted oval -shape, and a portion of the coi
havi ng smal | cessrdiag head, andathenplfgcadngt the gap gFddm SenTheose to the
magnetic gap and the cross-sectional 15 area gradually increases as the
di st ance fromregensggidmigc track yigthndsefods 4m, and a’ typpelejunghion
oval -shaped coil has a conparatively hi gher density of coil wres
bet ween t he bddPey&iadd ygneto-regd skages: ed fgsh §S}maﬁ&naP@oP§ﬁﬁbP9 t he

coil width_ or 20 cross-secti,onal _dianeter i,n this region is snall
Further, 5  StSAte dediensPifl endectybe Siamtomagnelosdesisnange

dstant {rom hRROnELLS 40" 4810 LRRUERI L biBtoressHhoRiS

with melamine resin (Seimel 303) by 25 % by weight to total
weight of resin and 1,3,5-tris{(bromoacetyl)benzene by 5% by
weight is further applied. Then, after a pattern is formed

10 by irradiating ultraviolet rays on the applied photoresist
through a photo-mask and developing the exposed photoresist
using a developing solution_(DE—4: a product of Tokyo
Applied Chemical Industry Company) consecutively, the
insulating film 6 is formed by baking the pattern at 200°C

15 in a vacuum for 30 minutes. Naturally, the melamine resin
may be replaced with epoxy resin, and the 1,3,5-
tris (bromoacetyl)benzene and other compounds described
above may be used as the acid generating agent. The taper
angle at the end portiop 6f the insulating film 6 was

20 approximately 45 degrees. The insulating film had a
significant adhesive force, caused no failure such as
separation of the pattern and no deterioration in the
characteristics of the spin valve type giant magneto-
resistance effect film, because a cross-linking reaction

25 between the novolak resin and the melamine resin was
progreséed to form a high polymer. FIG. 10 (c¢) indicates

that, after forming the conductor coil 7, the insulating



(elliptic) coil has a small resistance to current since it 25 has no

corners, no sharp edges and no sharp ends. In addition to this, the
oval -shaped coil can nake the total - | engt h of the conductor shorter
conpared to a rectangul ar 38
coil and a circular (ring-shaped) coil. result of t hese

advant ages, the total resistance of the COA& can be suppr essed
relatively | ow and accordingly the heat generating rate can be

decreased, and an appropriate heat 5 radiation can be attained. The | arge
decrease in tHdlm 8 ishdommed tchdopobydbe Same paolcesse aseltdbrgatriosessnd
expansion of the thin filmlayer, and elim nates the cause of

bal | -chip prcuﬁﬁn|ﬂ9¥MMmqIﬁ®Ea#m5Uéé¢#ng fiddfade. and the upparcsagasticenal

pl ati ng met hod, which is nore 10 economnical than_a sputtering nethod or a
vapor dep05|t|QQ¥e 9 ismfiorsgd t§e§@8PIa9I@rﬁéeF@P%@tH@CGFQPnghEﬁQHGGéFI in

whi ch MAdth e coil chan es . nearl uni.f o a coi
havi ng anothe lﬁﬁhiﬁ gﬂaa§qﬁ A3 F&#ﬁ@& llty °ftﬁ§ €structure
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shaped and i s Forne t he ‘'magneti c cores

cross-secti Ona.:ledi'i.r%iﬁltgertz%rc?{d%utﬁ epgpqr}@s AhOMENBhat time, since the

heat treatment of the insulating film was substantially
moderated from the conventional condition of 250°C for

10 several hours to the present condition of 200°C for 30
minutes, the recording-regenerating separate type magnetic
head can be manufactured without deteriorating
characteristics of the regenerating head. By mounting this
head, a magnetic disk apparatus having an area record

15 density of 5 Gbit/in? could be obtained.



20 magnetic gap toward the back gap, and the intensity of out put
siignal is increased and the heat generating rate is decr eased.

In this enbodi ment, the upper and the | ower magnetic films of the

i nductive type recording head were forned by 25 the electroplating nethod
as descri bed bel ow. An inductivenﬁ%pe thin filmhead having an
upper and a | ower nagnetic cores was uf actured. The upper and the
39 | ower magnetic cores were forned by frame-plating under a
condition of pHof 3.0 and plating current density of 15 mA cnferr] in
a pl ating bat hWE8At 3SnCAGINEP+I6E 16.7 g/|, Fe++ of 2.4 g/l and a
commopn stress-rel ease agent and a comon 5 surface-active agent. The
track width was 1.0 [err]m and the gap length was 0.4 [err]m The

f.th 42.4 N -F ht 9 dth
oot 1o . Bropelt FESmELam RAEHERLCSBeataF POREIAGNI, o PHER BeRPEIC
B 1 diffi t t f
(Herr]) was o%T8 ghatphercpsinerat: Borer %@éﬁeﬁy%'ﬁe@r forer
The t ;
core 85, th |_owéﬂe§°mgne TR e End e, p BRBR S, EEUREC ool WFhel o
| ayer and a cobglg7l wae hQ?HeEEE”E1 Iélheg?lgngk#ic Qeggefﬁégggrmg EH ed a

nmagnet o-resi stance e fect 5 type e 8 r egene Ion rodes
for feeding core being continued to said lower magnetic film, the other

end being opposite to said lower magnetic film through a
magnetic gap; a conductor coil provided between said lower

10 magnetic film and said upper'magnetic core; and an
insulating film for electricélly insulating said upper
magnetic core and said conductor coil from each other,
wherein said insulating film is a cured body of a
photoresist, a cross-linking agent and a cross-linking

15 accelerating agent for said photoresist and said cross-

linking agent.

2. A thin film magnetic head according to claim 1,
wherein said cross-linking agent is at least one kind of

20 resin selected from the group consisting of melamine resin

and epoxy resin.

3. A thin film magnetic head according to any one of
claim 1 and claim 2, wherein said cross-linking

25 accelerating agent is composed of an organic compound

generating an acid.
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sensing current to the nagneto-resistance effect type el enment, a | ower
shield ayer and a slider. The grain size of the nmagnetic core in this
enbodi mrent was 100 to 500[err], and the difficult axis nagnetic
coercive force was smaller 20 than 1.0 Ce. In order to evaluate
t he above-nenti oned construction in accordance with to the present
I nvention, performance (over-wite chéﬁacterlstlc) of the recording
head was nmeasured, and the result showed good recordi ng perfornance
25 of approximately -50 dB even in a high frequency band above 40 MHz.
Accordi ng to the erfbodiirentilm ragrgest itadresd-according to claim 3,
40 resistance (MR) response can be obtained by a | ow applied
magnetic fiel dibgreire smiphetreswsiistkinge E(ml%lféf'@dtg Ageydy 1S cComppsey a
mul ti-layer dual spin valve structure. The structure is a Ian1nated
structure conpf sﬁrhgomﬁlil#%twl@O@%m%% athiacid &Y FRAAI < thin
films fornmed on a substrate and separated by non-nmagnetic netallic
thin filns. Directions of magnetization of the outer | ayers of the
first and the %hir ffﬁro etic filnms are fixed | nt.er nedi at e

S

| ayer of tRe stton _ ARG }l:ea%n%ccoﬁfht% TR Y DI o
el 2ati on SPafRef b8 LR Y PAM AN R saia cASsd MY SLEFe G
agent is a compound selected from the group consisting of
bromoacetylbenzene,
p-bis (bromoacetyl)benzene,
10 m-bis(bromoacetyl)benzene,
1,3,5,-tris(bromoacetyl)benzene,

1,3,5,-tris(dibromoacetyl)benzene, and

1,3,5,-tris(chloroacetyl)benzene.

15 6. A thin film magnetic head according to any one of
claim 1 to claim 5, wherein said photoresist is an acid

curing phenol resin.

7. A thin film magnetic head according to claim 6,

20 wherein said acid curing phenol resin is novolak.

8. A magneto-resistance effect type thin film magnetic
head formed by successively laminating an antiferromagnetic
layer, a first magnetic layer forming a fixed layer, a non-
25 magnetic metallic layer and a second magnetic layer formipg
a free layer, wherein each of said first magnetic layer and

said second magnetic 1ayer has a thickness not thicker than

l lllllllllllll lll!l lllll ll llll



ferromagnetic filns in the outer sides when the applied magnetic field

Is zero. The directions of nmagnetization of - the first and the third
ferromagnetic filns are fixed by 15 various nethods including hard bias or
exchange bi as by adj acent antiferromagnetic fil ns. The
directions of magnetization of the two ﬂ%erronagnetic | ayers in the
outer sides are fixed in parallel to a opposite to each other, and
therefore, one 20 of the fixed |ayer acts to hold magnetic flux of the

ot her of the fixed |ayer. The direction of.  magnetization of the

i nternmedi ate secomd ferromagnetic |ayer can be freely rotated by an
applied magnetic field. Electric resistance of the first ferromagnetic

| ayer and the second 25 ferromagnetic |ayer and electric resistance of the
Vary as a cosi fe T RCEPERTEINGTTaAGRE DLt BeRoPRESEe Crbe EnifYELLATe
'ayers. vhen tRESHEFaE FBAGorORRGSLP et o dict Bt Fille; recorElhgrRORE. ©
| ayer 1s rﬂ%at%srpﬁenbg glrs§£%|xeﬁeflsegﬁ§£ye? éé%leygéoréeéngféﬁﬁﬁ on of

magnet i zat ayer |rect n nearly parallel to
the di recgﬁga ‘EBrBBgHe&' ﬁatghgelef shie1hindaf hxed, | anereihhe

resi stance of e sensor “changeS fromthe m ni num val e to
' said recording head comprises an upper magnetic core

laminated on said magnetic shield, forming a magnetic
circuit together with said magnetic shield, one end of the
10 upper magnetic core being continued to said magnetic shield,
the other end being opposite to said magnetic shield
through a magnetic gap; a conductor coil provided between
said magnetic shield and said upper magnetic core; and an
insulating film for electrically insulating said maghetic
15 shield, said upper magnetic core and said conductor coil
from one another; said insulating film being composed of a
novolak resin, a cross-linking agent and a curing agent of
a cross-linking accelerating agent;
said regenerating head comprising a first and a second
290 magnetic layers of a ferromagnetic material partitioned by
a non-magnetic metallic layer; an antiferromagnetic layer
provided in contact with any one of said magnetic layers; a
maghetized direction of said first magnetic layer of the
ferromagnetic material being in a direction perpendicular

95 to a magnetized direction of said second magnetic layer.

10. A recording-regenerating separate type thin film
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t he maxi num val ue. Further, as a preferable exanple, it is
possible to 10 enploy a nulti-layer spin valve structure in which the
directions of nagnetization of the two ferromagnetic |ayers in the
outer sides are parallel to each other and the both are perpendicul ar
to the direction of magnetization of the i nternedi ate ferromagnetic
free layer. 15 FIG 10 is a cross-seégional vi ew show ng the
manuf act uri ng process of the recordi ng-regenerating separate type
magneti c head. A recording head portion is conposed of an upper
magnetic core Saghpatdwehensysormpsisdng an indackdgeetivPeggscondiny, head
conductor coil 7 and an insulating 2Q film 68 for insulatgg%ﬂ%he conduct or

coil 7 and the fgFFed on a BagnetereRdS teRGTe SifeSh &¥Pe ¥ BYR%, an
upper magnet i hi el d of the regener.ati head _al so_serves as the

| oner magnet i ch@&‘g %’frot“rﬁ?g‘ Pe 8GR giﬂ.eﬁlglng\n Po P~ WRCLSI& cat es t hat
t he regenerating head .ppr.tion j. r for.m the . s I C

shield 1, the spin %%l e rteff'r?erdl%gf %&%t&#@éﬁ%ﬁ?— raelgsirl}glpae%cg{a%eté{@%gﬁ] 2,

the electrode gnghinated ¥n TRIE MGl TR %hq.%'ltcir,mfo@i'ﬂgs aa[?r%r#%ec&lbzper

.magnetic _ _ al so
serving as the di%iﬁ*%:ﬁ%éﬁlféﬂ@fi%ho‘csa{[i@ magnetiRCAHdid1g, e e dfhathe

formng the gap filmb5. e regenerating track width is 0.8 [err]m
and a tunnel -j Wipgdr®magnetic core being continued to said magnetic shield,
the other end being opposite to said magnetic shield
through a magnetic gap; a conductor coil provided between
100 said magnetic shield and said upper magnetic core; and an
insulating film for electrically insulating said magnetic
shield, said upper magnetic core and said conductor coil
from one another; said insulating film being composed of a
novolak resin, a cross-linking agent and a curing aéent of
15 a cross-linking accelerating agent;
said regenerating head being formed by successively
laminating an antiferromagnetic layer, a first magnetic
layer forming a fixed layer, a non-magnetic metallic layer
and a second magnetic layer forming a free layer; each of

20 said first magnetic layer and said second magnetic layer

having a thickness not thicker than 5 nm.

11. A head disk assembly comprising a magnetic disk for

recording information; a recording-regenerating separate
25 type thin film magnetic head formed an inductive type

recording head for writing said information in said

magnetic disk and a magneto-resistance effect type

0 g g
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type gi ant magneto-resi stance effect filmcan be used in 5 stead of the

spin val ve type gi ant nagneto-resi stance effect film FIG 10 (b)
i ndi cates that photoresist m xed with nmelam ne resin (Seinel 303) by
25 % by weight to total wei ght of resin and

1, 3;5-tris(bronmoacetyl )benzene by 5% by wei ght is further applied.
Then, after a pattern is formed 10 by irréﬁiating ultraviolet rays on the
appl i ed phot oresi st t hrough a phot o- mask and developing t he exposed
phot or esi st using a developlng sol ution (DE- product, of Tokyo

Appl i ed Cheni craﬂgqmpgt fPr ceesaanatidl gy thtehé'rlttert rtébﬁomawgton | m

6 is formed by bakltg the pattern at, 200[ err] In.a vacuumfao 30
mi nut es. Nat urh IS214 MEGRSEA fo Skedim @ unltma?r’(% & éj;ﬂ‘é’@e&‘e\ﬁintsn

resin, and the 5- t (br nDacetyI b nzene C ounds
descri bed oittﬂﬂﬂé" sk O[f'ssgﬁ etrt?emacsi%dg i’g?@r‘f{ n‘f;{tpp

angle at the end orti ol of, th nsul g i |

degrees. .The i Sk ?Dna ]f I%q Ihrﬁ%fd's %ll"l‘ maaﬂﬂv&%'&‘hé% or (:Ireg%'tn aﬁ:sed

no failuregsuch as,y Safpaafngtf I Qflat ft? 1RAL GRI @da %&%u&tﬁeﬂd@

t he C aracterlstlcs e spin va ve t'ype gidant nagneto-
resistance effgety fd)l nahggeclaltge/lql"’cross | i nking reaction 25 between the
novol ak resin and the nelam ne resin was progressed to forma high
polymer. FIG 10 (c) indicates that, after form ng the-conductor coi
7, the insulating 43
12. A magnetic disk apparatus comprising a plurality of
head disk assemblies comprising a magnetic disk for
i0 recording information; a recording-regenerating separate
type thin film magnetic head formed an inductive type
recording head for writing said information in said
magnetic disk and a magneto-resistance effect type
regenerating head for regenerating the written information
15 in said magnetic disk in a unit; and a drive means for
rotating said disk, wherein said recording head and/or said

regenerating head is a thin film magnetic head according to

any one of claim 1 to claim 10.

20 13. A method for manufacturing a recording-regenerating
separate type thin film maghetic head which comprises an
inductive type recording head formed on a magneto-
resistance effect type regenerating head through a magnetic
shield with an inductive type recording head in a unit,

25 comprising the steps of;

manufacturing said regenerating head by;

forming a first and a second magnetic layers of a

R D



film8 is formed through the sanme process as the process for formng

the insulating film®6, and the upper magnetic core 9 is fornmed

t hereon. A preferable recordi ng nagnetic head coul d be manuf act ured
because noldability of the 5 resist in the gap between the coils and

fl atness of surface of the coil were the same as the conventional
resist. The recording track width is 30 [err]m At that tinme, since
t he heat treatment of the insulating filmwas substantially

noderated fromthe conventional condition of 250[err]C for 10 several
hours to the pifeseonagngidie ifrteoridbartitdaned oy a nonprikagnetiq he

recordi ng-regenerating separate type nmagnetic head can be manuf act ur ed
wi t hout det er i®pEa}hiF aYe%ﬁmﬂ%&terlstlcs of the regenerating head. By
mounting this head, etlc dJS arat us, haying an area record

15 density of 5 Gbid%idmt %%ﬁﬁﬁb r'provided ix confact with

44 WHAT | S CLAI d A th|n fil mmagnetic head
conprising a | e r® %%d% t?%; magng*ﬁ %ﬁyﬁﬁﬁkn ghetic core | am nated on

sai d lover o 5 mongl) cof{An, (OLILIG: A dmONELLEs Gl TG4 Lo d QOpLfIBE Wi L

said | ower® nagnetl e en e upper magnet core being

continued to sgighlower; Jpgnelt Cefd | Bridtagideic material to a direction

perpendicular to a magnetized direction of said second
magnetic layer, when an applied magnetic field from a
recording medium is zero, and
10 manufacturing said recording head, subsequent to the
above manufacturing step of said regenerating head, by:
forming an upper magnetic core on said'magnetic shield,
which forms a magnetic circuit together with said magnetic
shield, one end of the upper magnetic core being coﬁtinued
15 to said magnetic shield, the other end being faced to said
magnetic shield through a magnetic gap,
a conductor coil provided between said magnetic shield
and said upper magnetic core, and
an insulating film for electrically insulating said
20 magnetic shield, said upper magnetic core and said
conductor coil from one another which comprises a
photoresist, a crosslinking agent, and a cross-linking
accelerating agent for said photoresist and said
crosslinking agent.
25
14. A method for manufacturing a recording-regenerating

separate type thin film magnetic head which comprises an

I



end being opposite to said | ower magnetic filmthrough a magneti c gap;
a conductor coil provided between said |lower 10 magnetic filmand said

upper magnetic core; and an insulating filmfor electrically

i nsul ating said upper magnetic core and said conductor coil from each
ot her, wherein said insulating filn1i§ a cured body of a

phot oresi st, a cross-linking agent and a c gss-linking 15 accel erating
agent for said photoresist and said cross- | i nki ng agent. 2. A
thin filmmgnetic head according to claim wherein said

cross- | i nki ng idtive fyneFacagicdng ﬁ’&a@f f’oz:@e,degnn a5 G @From t he

?IF%"HSSRZL?L'%%”Q FLAng amf%Se S WRp GroRrating Has Pyl & Regrecie
e eund ¢ BRad Wit ha & qgf%a'v%f W A aiy FRTRPIEI L, Or 9ani C

conpound

45 . according to claim 3, wherei n
sai d cross Ilni&ﬁr%}: accr{eq erating agefﬁi i s conposed of an organl C
conpound gg”efat' NG A At Dh el Fegenerating head by;

laminating orderly an antiferromagnetic layer, a first
magnetic layer which will be a fixed layer, a non-magnetic
layer, and a second magnetic layer which will be a free
layer, wherein a thickness of each of said firét magnetic
10 layer, said second magnetic layer, and said non-magnetic
layer is utmost 3 nm, and
manufacturing said recording head, subsequent to the
above manufacturing step of said regenerating head, by:;
forming an upper magnetic core on said magnetid shield,
15 which forms a magnetic circuit together with said magnetic
shield, one end of the upper magnetic core being continued
to said magnetic shield, the other end being faced to said
magnetic shield through a magnetic gap,
a conductor coil prdvidgd between said magnetic shield
20 and said upper magnetic core, and
an insulating film for electrically insulating said
magnetic shield, said upper magnetic core and said
conductor coil from one another which comprises a
photoresist, a crosslinking agent, and a cross-linking
25 accelerating agent for said photoresist and said

crosslinking agent.

| '



5 5. A thin filmmagnetic head according to any one of claiml to
claim4, wherein said cross-Ilinking accelerating agent is a conpound
sel ected fromthe group consisting of br onpbacet yl benzene,

p- bi s(bronpacetyl ) benzene, 10 m bi s(bronopacetyl)benzene,
1,3,5,-tris(bronpacetyl)benzene, 1,3,5,-tri.s(di brompacetyl ) benzene,
and 1,3,5,-tris(chl oroacetyl)benzenesl 15 6. A thin filmnmagnetic
"head according to any one of claiml to claim5, wherein said
photoresist is an acid curing phenol resin. 7. Athin film
magnet i ¢ head THINO FILM) MAGNETICTHEAD, 2 GNDh &r MEFHOR QFa¥ANUFACTHRINRenol
resin is novol ak. 8. A magneto-resistance effect type thin film
magneti c head fornmed by successi v&EE EaMEnati ng an antiferromagnetic
| ayer, a first magnetic layer formng a fixed [ayer, a non- 25 nagnetic
netallic | ayer and a second magnetic |ayer form ng a free | ayer,

Fayer has a tAPERRESE RG: ChR, SRERIpRERET o0 Sef second manelie

46 An object of the present invention is to provide a

high record density thin film magnetic head by lowering a
temperature of the heat treatment in a manufacturing

5 process ofithe thin film magnetic head to prevent
deterioration of the magnetic characteristic of the
magnetic film in the treatment process and a magnetic disk
apparatus having the high record density thin film magnetic
head.

10 A thin film magnetic head, particularly a recording-
regenerating separate type thin film magnetic head ahd a
magnetic disk apparatus having the thin film magnetic head,
according to the present invention is characterized by that
insulating films between an upper and a lower magnetic core

15 and a conductor coil are composed of a photoresist, a
melamine resin and a cross-linking accelerating agent

generating an acid by thermal decomposition.

FIG. 1



5 nm 9.

magnet o-r esi stance effect type regenerating
shield in a unit,

magnetic core

circuit together with said magnetic shield,

A recordi ng-regenerating separate type thin film
magneti ¢ head conprising an inductive type recording head 5 fornmed on a

wher ei n

head t hrough a nagnetic

sai d recordi ng head conprises an upper
| ami nat ed on said ti§netic shield, forming a magnetic

magneti c core being continued to said magnetic shield,
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47 magneti ¢ head conprising an inductive type recording head

formed on a magnet o-resi stance effect type regenerating head t hrough a
magnetic shield in a unit, wherein sai d recordi ng head conpri ses
an upper magnetic core 5 lam nated on said magnetic shield, formng a
magneti c circuit together with 2di6d nagnetic shield, one end of the
upper magnetic core being continued to said magnetic shield, - the other
end being opposite to said nagnetic shield t hrough a nagnetic gap; a
conductor coil provided between 1 L d gnetic shield and said upper
magnetic core; and an insulat%ﬁaﬁf;]ﬁf?or electrically insulating said
magneti c shi el d, said upper nqﬁnetic core and sai d conductor coi

from one anot her; said insul atNRGATIVE RBES '«tRErEosed of a novol ak
resin, a cross-linking agent {ABNERATING Cbf 15 a cross-linking
accel erati ng agent; sai d regéberati head I ng_for b :
successively | am nating an antifer omagnﬂ?i c |7 ﬁq "\irﬁ‘gpgf&h%net I C
| ayer form ng POSTIVESPRE B non- magpet i ¢ ,ﬁ“Zt al |ic $HF§|ACE and a

second magnet GENBRATINGSWRBAGE: r e T 4yer—7each o7 said first
magnetic | ayer and said seddnd mag o T avk I §g a thickness not

t hi cker than 5 nm 11, di sk v’ yZonpirli sing a magnetic
di sk for recordingb;nfo Yt | , gengfating separate 25
type thin filmmagnetic \peag'\f off i typ
75 177
76
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recordi ng head for witing said information in said magneti c di sk and
a magnet o-resi stance effect type

48 regenerating head for regenerating the witten information in
said magnetic disk in a unit; and a drive neans for rotating said

di sk, wherein said recording head an8//& said regenerating head is a
thin fil mmagnetic head according to 5 any one of claim1 to claiml10,
having a record density not smaller than 1 Go/inf[err]. 12. A
magneti c di sk apparatus conprising a plurality of head di sk assenblies
conprising a magnetic disk for 10 recording information; a

recordi ng-regenerating separate ‘E%ﬁegf hin fil mnmagnetic head fornmed an
i nductive type recordi ng head ing said information in said
magneti c di sk and a nmagnet o-resi stance effect type regenerating head

for regenerating the witten information in said magnetic disk in. a

unit; and a drive neans for di sk, wherein said
H@éﬁ@é&@%ﬁ%

head according to any one ai m 10. 20 13. A net hod

for manufacturing a recordi ng- parate type thin film

recordi ng head and/ or said ad is a thin filmmagnetic
rragnetl c head which conprisep ARRAY CONTROLLER

MAGNETIC DISK
APPARATUS
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i nductive type recording head formed on a magnet o- resi stance effect

type regenerating head through a nmagnetic shield with an i nductive
type recording head in a unit, 25 conprising the steps of;

manuf acturi ng said regenerating head by; ' formng a first and a
second magnetic |ayers of a 49
ferromagnetic material partitioned bf a’ non- magnetic netallic | ayer
and an antiferronmagnetic |ayer provided in contact with any
one of said nmagnetic |layers, and 5 directing a nagnetized direction
of said first magnetic | ayer of the ferromagnetic material to a
direction perpendi cular to a netlzed direction of said second
magnetic | ayer, when an applied nag eId froma recordi ng medi um
is zero, and 10 manuf act uri ng s 4 recordlng head, subsequent to the
above manufacturing step of said regeneratlng head, by; form ng
an upper magnetic Cﬁﬁe on said nagneth shi el d, which 14rns a magneti c
circuit together w sai d nagnetic shleld one end of Jt he upper

magneti c core bei
being faced to said ma
a conductor coil provided bgtween said magnetic shjeld

ed 15 to sagid magnetic
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and said upper magnetic core, and an insulating filmfor
electrically insulating said 20 magnetic shield, said upper magnetic core
and said conduct or coil from one another which conprises a

phot oresi st, a crosslinking agent, and a cross-1linking accel erating
agent for said photoresist and said crosslinking agent. 25 14. A
nmet hod for manufacturing a recording4ié@enerating separate type thin
fil mmagnetic head which conprises an

50 i nductive type recording head formed on a magnet o- resi stance
effect type regenerating head through a nmagnetic shield with an

i nductive type recording head in a unit, conprising the steps of; 5
manuf acturi ng sai d regenerating head by; | am nating orderly an
antiferromagnetic layer, a first magnetic | ayer which will be a fixed
| ayer, a non-nagnetic | ayer, Eglca$$20nd magnetic | ayer which will be
a free | ayer, wherein a thickn ach of said first magnetic 10

| ayer, said second magnetic |ayer, and said non-nagnetic | ayer is
utmost 3 nm and manuf acturi ng said recordi ng head, subsequent to
t he ‘above manufacturing step of said regenerating head, by;

form ng an upper nagn%Bic core &h said8ragnetic shield, 85
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15 which fornms a magnetic circuit together with said nagnetic shi el d,
one end of the upper magnetic core being continued to said nagnetic
shield, the other end being faced to said magneti c shield through a
magneti c gap, a conductor coil provided between said magnetic
shield 20 and said upper magnetic core, and an insulating film
for electrically insulating said 6 hgnetic shield, said upper nagnetic
core and said conductor coil from one anot her which conprises a

phot oresi st, a crosslinking agent, and a cross-linking 25 accelerating
agent for said photoresist and said crosslinking agent.

FIG.10A
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