thle.Dt L.he Invention: DI SK STORAGE SYST?N? THIN FI LM MAGNETI C
HEAD “THEREFOR AND FABRI CATI NG MVETHORYMERE 5 Background of
the | nvention: [Field of the Invention] The present

i nvention relates to a disk storage system a thin filmmagnetic head
therefor and a fabrication nmethod thereof. 10 The present

i nvention rel Tsdet ofathegdevieations f or a magnetic head, and nore
particularly to a recordi ng head for a dual elenment head for the disk
systemw th high  DISKr SFORAGE]SYSTEM,y THIN FILMPMAGNERICSHEADS THEREFORAS
In recent years the recording density of a disk storage systemis
growi ng hi gher ANDd FABRICAJING METHODCIPHBEREOF force of recording nediumis
i ncreased, there is required a thin fil mnmagnetic head capabl e of
sufficiently recording to the recordi ng nedi um havi ng hi gh magnetic

5 Background of the Invention:
[Field of the Invention]
The present invention relates to a disk storage
system, a thin film magnetic head therefor and a
fabrication method thereof.

10 The present invention relates to a magnetic core for
a magnetic head, and more particularly to a recording head
for a dual element head for the disk system with high

_fecording deﬁsity.
[Prior Arts{ |

15 As in recent years the recording éensity of a disk

storage system is growing higher and the magnetic coercive
_force of recording medium is increased, there is required
a thin film magnetic head capable of sufficiently
recording to the recording medium having high magnetic

20 coercive force.

In order to realize this, it is necessary to use a
material having high saturation maghetic flux density (B,)
as a core material of the magnetic head. 1In the past, a
80Ni~-Fe alloy film of 3 um thickness has been used for

25  the material.

| However, since resistivity of the 80Ni-Fe alloy film

is as low as 16 to 20 pQ-cm, the eddj:currentlloés becomes



20  coercjive force. In order to realize this, it is necessary
to use a mat eri al having high saturation magnetic flux density
(Blerr]) as a core nmaterial of the magnetic head. In the past, a
80ONi -Fe alloy filmof 3 [err] thickness hag8 been used for 25 the
material . . However, since resistivity of the 8ON-Fe alloy film
is as | ow as TR%ge Zn [&rhigh fregrencit\Pans » ekRe RO MR strength of
2 ~large in a high frequency bans. Therefore, the strength of. _
recording nagreedarding magnetic nbkpld of Hrl Ragnehigmhead 1int3 Righcy
band i s decreased, and accordingly the recording . frequency is |limted
to about 30 Mfrequensy reand &5 decreased grand t3F¢REAIRI AL ERe aFecerdEREt em
anor phous materials, Fe-Al-Si sendust alloy thin filmare proposed.
However, they freguencyrigtlimited fee@baut b%‘batﬂié dpdnaximum$ orner s
thermally instable since the material is anor phous, and the latter
has a di s&dvant age As1 amealtiérnatine imatenialr 2@ ssysken Rnerpheds c core
material for the
materials, Fe-Al-Si sendust alloy thin film are proposed.
However, they are not practically used yet because the
former is thermally instable since the material is
amorphous, and the latter has a disadvantage in the
10 fabrication process as the magnetic core material for the
inductive head since it requires a high temperature heat
treatment at nearly 500°C.
In recent years, three-element group materials of

L4

Co-Ni-Fe are proposed (Japanese Patent Application Laid-

15 Open No. Sho 60-82,638, Japanese Patené Application Laid-
Open No. Sho 61-76,642, Japanese Patent Application Laid-
Open No. Sho 64-8,605, Japanese Patent Application Laid-
Open No. Hei 2-68,906, Japanese Patent Application Laid-
Open No. Hei 2-290,995).

20 Although saturation magnetic flux density (B,) of
these three-element system materials is as high as 1.5 T,
resistivity is not large and the crystal grain size is not
small in the 80Ni-Fe alloy and in addition to this there is
a disadvantage in the high frequency characteristic as in

25 the 80Ni-Fe alloy.

On the other hand, the memory capacity of the disk

storage system is steadily growing year by year, and areal.



I nductive head since it requires a high tenperature heat treatment at
near |y 500 err]C. In recent years, three-elenent group materials
of Co-Ni -Fe are proposed (Japanese Patent Application Laid- 15
Open No. Sho 60-82,638, Japanese Patent Application Laid- Open No.
Sho 61-76, 642, Japanese Patent Application Laid- Open No. Sho
64- 8, 605, Jap&dfasdtyapdne ApSi-Hiagh &ypeaiddsk in prodastien mew 4s68, 906,
Japanese Patent Application Laid- . , Open No. Hei 2-290,995). 20
Al t hough sat uARCTEAseagNd t® B350 Mg ¢y (B[err]) of t hese
three-el enent systemmaterials is as high as 1.5 T, resistivity is
not |arge and the dny&hdis gagien $ihee dafangrecordings fxelquencyhd ssOsariy
alloy and in addition to this there is a di sadvantage in the high
frequency charkdcMizi sthilchads meaxs the perdoymapsesllimit of a magnetde t he
ot her hand, the nmenory capacity of the disk storage systemis
st eadi | y §r owhegdy asdingy theaB0NirFearaddloy film or the Co-Ni-Fe alloy
3 density of a 3.5-inch type disk in production nowis
film. -
Although there is proposed in Japanese Patent
Application Laid-Open No.3-68,744 a magnetic film for high
frequency use formed by adding Nb, Ta, Cr, Mo to (40-
10 50)Ni-Fe through a sputtering method, it is difficult to
magnetically form a thick film through sputtering method
because the material has large magnetocrystalline

anisotropy.

15 Summary of the Invention:
One object of the present invention is to provide a
disk storage system, a thin £ilm magnetic head therefor and
a fabrication method thereof wherein a disk storage system
with a magnetic head for high density recording in a high
20 frequency band.
Another object of the present invention is to provide
a magnetic head for high density recording in a high
frequency band, that is, capable of performing high speed
access and a high transfer rate.
25 The present invention is for solving the above
problems in_the prior arts, and involves a thin film

magnetic head that is mounted on a disk storage system



increased up to 350 MB/in[err]. In this case, fhe data recordi ng
frequency s nearly 27 MHz which is near the performance limt of a
nmagneti c 5 head using the 80N -Fe alloy filmor the Co-Ni -Fe all oy
film Although there i s proposedin Japanese Patent
Application Laid-Open No.3-68,744 a magnetic¢ filmfor hig frequency
use formed by Wadhnhish, trans€er WBtFoaP@OhlgﬁorecQG?NPQFéePﬁPGMgh a
sputtering method, it is difficult to netically forma thlck fllm
through sputt ePANGngeghBagnetic §é§5u§9t?ﬁ8dnﬂg9VPaﬁOHQSrPErU@en
magnet ocrystal | i ne ani sot r opy. 15 Summary of the Inventlon
One obj ect of dAskpssozagei sysHemoAs Fecorgipgi @& zeproducdngi 3ngrage
system a thin filmnmagnetic head therefor and a fabrication nethod
t her eof mherelseatdngklgtceagédsygté#ﬁquenCYwhﬂHh&rnﬁﬁﬁ@tﬁé MBZd for high
density recording in a high 20 frequency band. Anot her obj ect
of the preSent invedti ds reguiredothas the magneijseciorehoddther wiige
density recording in a high frequency band, that is, capable of
perforni ng hi gheadedd made of a material having large saturation magnetic
flux density (B,), small magnetic coercive force in the
hard axis direction and large resistivity.
In other words, the range of composition obtainable of
10 large resistivity and high saturation magnetic flux density
is a range containing Ni of 38 to 60 wt% for Ni-Fe alloy.
However, when a magnetic film having thickness of
above 2 um usually applied to a thin film magnetic head or
the like fabricated through a sputtering method, the
15 crystal grain size of the film becomes large, magnetic
coercive force in the hard axis direction is large and
uniaxial magnetic anisotropy is hardly induced since this
composition region is a range where magnetocrystalline
anisotropy is largest.
20 Therefore, a plating method has been employed in order
to suppress the crystal grain size small, and it has been
studied to add the third element such as Co, Mn, Cr, P4, B,

In and the like to a base of 38 foaso wt% Ni-Fe two-element
alloy. |

25 The results found are a composition range and a
fabrication method of an outstanding thin film having a

saturation magnetic flux density (B;) larger than 1.5 T, a



access and a high transfer rate. 25 The present invention is for

‘'sol vi'ng the above problenms in the prior arts, and involves a thin
film magneti c head that is nounted on a di sk storage system

4 with high transfer rate and high réeording density, havi ng a
magnetic di sk rotated above 4000 rpm when the di sk storage systemis
recording or r@pgdetdcngoexsdve foroeeiim tpe hardc axdisndirestioncy (Hizgher
than 45 MHz. 5 It is required that the magnetic core of the wite
head is nmade ofSmalierethan Rali B¢ RAyFesdSFimityn Laxgest than 40 urem -
density (B[err]), small magnetic coercive force in the hard axi s
direction and MamgekBGPRQQ|¢MEyfllm thicknesisn oft Rettondr g, whliehr dsge of
conposition obtainable of 10 | arge resistivity and high saturation
magnetic flux dequired for the xecargdngomaginetig Miedd.38 to 60 w % for
Ni - Fe al |l oy. However, when a magnetic film having thickness of

above 2 [eBr] usual By aspinigedhieomatieliialf iflon eaghdn €ilmathagnetic headg
| i ke fabricated through a sputtering nmethod, the
it is possible to provide a high performance disk storage
system having areal density of 500 MB/in’, a recording
frequency of 45 MHz and a transmission speed of above 15
MB/s.

10 The present invention is characterized by a disk
storage system comprising a thin'film magnetic disk for
recording information, rotating means for the thin film
magnetic disk, a thin film magnetic head for performing

,

writing and reading information provided in a floating type
15 slider, transfer means for supporting éhe floating type
slider and for making access to the thin £ilm magnetic
disk.
The present invention is characterized by a disk
storage system wherein at least one of an upper magnetic
20 core and a lower magnetic core the write head is made of
a metallic magnetic material having an average crystal
grain size smaller than 500 A, resistivity at room
temperature larger than 40 uQ-cm and magnetic coercive
force in the hard axis direction smaller than 10 Oe.
25 The present invention is characterized by that in a

disk storage system at least one of an upper magnetic core

and a lower magnetic core of the writing magnetic core of



15 crystal grain size of the filmbecones | arge, nmagnetic coercive
forcefin the hard axis direction is |arge and uni axi al magnetic

ani sotropy is hardly induced since this conposition region i s a range
where nmagnetocrystalline ani sot r opy i6s | ar gest. Ther ef or e,
a plating nethod has been enpl oyed in order suppress the crysta
grai n size snakthe wrndtet hgad Bsean eleCt§99&F§&dt§h&§dfﬂﬁ@ maded of| 8nent
such as Co, W, Cr, Pd, B, In and the Iike to a base of 38 to 60 w %
Ni - Fe two- el endit-Fe groupl pd}oy hving Ni ofe3Bc$0 69 Modnangr eqof 40
conposition range and a fabrication nmethod of an outstanding thin
filmhaving a to 62 w&furati on magnetic flux density (Blerr]) larger than
1.5T. a 5 magneti c coercive

force in the hard aFugtdierecthenpreseotr ipventionsisl charasierizedobyand
resistivity larger than 40 [err]-cm wi th keeping the filmthickness
of 2 to 5 $errdiski stktormage systesqoompditdngt e magnetdicndiskghaviingf iael d.
5 By using the material for a thin fil mmgnetic head,
transfer rate larger than 15 mega-bytes per second, areal
density of recording data larger than 500 mega-bits per
square inch and a diameter of a magnetic disk smaller than
3.5 inches.

10 The present invention is characterized by a disk
storage syétem wherein the magnetic disk rotates faster
than 4000 rpm during recording and reproducing, the
recording frequency being larger than 45 MHz, at least an
upper magnet;c core of a thin film magnetic head for

15 performing the recording being made ofea Ni-Fe alloy
having Ni of 38 to 60 wt% and Fe of 40 to 62 wt% and
having a film thickness of 1 to 5 um, an average crystal
grain size smaller than 500 A, resistivity of 40 to 60
uQecm and magnetic coercive force in the hard axis

20 direction smaller than 10 Oe, recording magnetomotive
force of the write head being larger than 0.5 ampere-turns.

The magnetic core in a disk storage system according
to the present invention contains a substance composed of
at least one kind of one of Co less than 15 wt% and Mo, Cr,

25 Pd, B, In less than 3 wt% in the total weight.

Further, the present invention is characterized by a

disk storage system comprising a thin film magnetic disk



it is possible to provide a high performance di sk storage system

"haviAg areal density of 500 MB/in[err], a recording frequency of 45
MHz and a transni ssion speed of above 15 ‘MB/s. 10 The present
i nvention is characterized by a disk 7 storage systemconprising a thin
filmmagnetic disk for recording information, rotating neans for theé

thin film  for zeprrdingi srformationy retabipgtmeans afor okhecthdn nfilm
witing and reading information provided in a floating type 15 slider,
transfer nmearBagrReticippiski ng dwel febemeny kepd for perfommingndri®bingmki ng
access to the thin filmnmagnetic | Jdisk. The present
invention is apdreeadingetnfgrmagion with individealyelemeniherprovided east
one of an upper nmagnetic 20 core and a | ower magnetic core the wite
head is nmade b a floatimgtbtypecshider: i transfer aneansi fior asupperbipg

crystal grain size smaller than 500 A, resistivity at room

t enper at r e | thgefloatingOtyper$lidenndndufortmakingracoess to therce in
the hard axis direction smaller than 10 Ce. 25 The present

i nvention is thianafilminagneéyichdiskn a di sk storage system at | east
one of an upper nmagnetic core and a | ower magnetic core of the

witing magnetic cbhe pfesent invention is characterized by a disk
storage system wherein the magnetic film having the same
characteristics and the same composition as those described
10 above are used for the magnetic film of the write head.
Furthermore, the present invention is characterized by
a disk storage system comprising a magnetic disk having a
transfer rate larger than 15 mega-bytes per second, areal

L4

density of recording data larger than 500 mega-bits per
15 square inch and a diameter of a magneti; disk smaller than
3.5 inches.

The present invention is characterized by a disk
stérage system wherein the magnetic disk rotates faster
than 4000 rpm during recording and reproducing, the

20 recordiné frequency being larger than 45 MHz, a dual
element head for performing the recording and the
reproducing with individual elements, the film having the
same characteristics and the same composition as those
described above being used for at least an upper magnetic

25 core of a write head.

The present invention is characterized by a thin film

magnetic head comprising a lower magnetic film, an upper



6 the wite head is an electroplated thin filmnade of a N - Fe
"group” al l oy having Ni of 38 to 60 wt % and Fe of 40 to 62 W%
Further, the present invention is characterized by a 5 di sk storage
system conprising a magnetic di sk having & transfer rate | arger than
15 nega- bytes per second, areal density of recording data |arger than
500 mega- bi t smagnetic fidgufesmedcpnatlien loweremagnetis fadmet onediepid
smal | er than 3.5 inches. 10 The present invention is _
char act eri zed coptacgiiog to ohesendagd thet dowsremaignetie fHadmet ithediother
rotates faster t han 4000 rpm during recordi ng and reproduci ng, the
recordi ng fregnéhdpcisignghleacgbert ead 4¢3 the lawercasgnetic filmupheough
magnetic core of a thin fil mnmagnetic head for 15 perform ng the
recordi ng bei mag maghetdit gali,- Ehexlebyy the uppeavmagnsiticf £3lm EofhingY@and
Fe of 40 to 62 w % and having a filmthickness of 1 to 5 [err], an
average cByst alagnetic ghizicniti havimg kthe magmetde Aapr dn theviphytof 40 to
60

together with the lower magnetic film, a conductive coil

forming a coil having a given number of winding turns

passing between both of the magnetic films.

The present invention is characterized by a thin film

10 magnetic head wherein at least one of the upper magnetic
film and the lower magnetic film is formed through a
plating method, being made of a Ni-Fe alloy having Ni of 38
to 60 wt% and Fe of 40 to 62 wt% and having a film
thickness of 1 to 5 um, an average crystal grain size

15 smaller than 500 A, and magnetic coercive force in the hard
axis direction smaller than 10 Oe.

The present invention involves a fabrication method of
a thin film magnetic head comprising a lower magnetic film,
an upper magnetic film formed on the lower magnetic film,

20 one end contacting to one end of the lower magnetic film,
the other end facing the other end of the lower magnetic
film through a magnetic gap, thereby the upper magnetic
film forming a magnetic circuit having the magnetic gap
in the part together with the lower magnetic film, a

25 conductive coil forming a coil having a given number of
winding turns passing between both of the magnetic films.

The present invention involves a fabrication method of



[err];cmand nmagnetic coercive force in the hard axis 20 di rection
smal l'er than 10 Oe, recordi ng magnet onoti ve force of the wite head
bei ng larger than 0.5 anpere-turns. The magnetic core in a dISk
storage system accordi ng to the present invention contains a
subst ance conposed of at | east one kind of one of Co less than 15 w:%
and Mo, Cr, 2% thpg film magnetichiead wheriedin lat tleest waieglof the lower
Furt her, t he present invention is characterized by a di sk storage
systen1conpr|sﬁmg &hehjuppen magagtdc £idmsk is formed by electroplating
for recording information, rotating means for the thin film
nagnetlc di sk, usiggala NmaﬁaﬂeﬂeamIOQdatpegfbﬁmmngomuamnnmg the metalldadi ng
i nformation with individual elements prOV|ded in a floating type
slider, transfédonmeansentratipmofi Nj"™" i®ns tdfe 9 dad i20) dApearrd ikt and
for making access to the thin filmmgnetic disk. The
present infentiiomsi ofclPaatioe2i.Zeds/Ny ahedi vatio of ther AYE" sivsiscrandh el n
the magnetic film having the sane characteristics and the sane
conposi tion as FeiosiomescmifélFe’™) being 7 to 8, containing a stress
release agent and a surface active agent, the pH being
2.5 to 3.5.
Particularly, it is preferable that the thin film
10 magnetic head is formed by electroplating though a mask in
a magnetic field under condition of keeping the temperature
of the plating bath at 20 to 35°C and the current density
of 5 to 30 mA/cm’.

Further, in the present invention, it is preferable

15 that the thin film magnetic head comprises a-magnetic core
described in claim 1, the film being formed using a plating
bath each ions added Co ions of 0.4 to 0.6 g/l and/or Cr,
Mo, Pd, In, B less than 0.1 g/1.

Further, it is preferable that the magnetic film of |

20 the thin film magnetic head is formed by electroplating
though a mask in a magnetic field.

In the present invention, writing blur due to the
recording frequency and fluctuation of an over-write value
are prevented by designing the thickness, resistivity and

25 relative permeability of a magnetic film of a magnetic pole

for a write head in taking eddy current loss into

consideration, and at the same time by setting the data



10  above, are used for the magnetic filmof the wite head.

Furthernore, the present invention is characterized by a di sk storage
system conprising a magnetic di sk having a. - transfer rate | arger than
15 nega- bytes per second, areal densify of recording data |arger than

500 nega-bits per 15 square inch and a dianeter of a magnetic disk

smal | er t han

recordigg fzmayency to a highhwajuesemd iroemingna magnetic

characterized by a disk ' storagg system wherei n the magnetic di sk

rotates fasterdisk fitging4ago0thema

g@venfepdc 8tdianyighd speedaduci ng, t he

20 recordi ng freguency bei ng | arger than 45 MHz, a dual el enent

head for perforld)n

ti A8 psedednbdeatte prmevide a mepnsdbewiggwiat ttriamsiferdual

el enents, the filmhaving the same characteristics and the sane
conposi ti on asratesbigher tlescibbmegabbytesepey ssedntior axkalledensdmryupper

magnetic 25

core of a wite head. The present invention is

characteri2ed Bprgetrhithahi 660 mega bagseper sgadreodpchsi ng a | ower
magnetic film an upper : 8

10

15

20

25

(2) It is preferable that when storing of information is
performed using a magnetic disk having a diameter smaller
than 3.5 inches, the magnetic disk is rotated at 4000 rpm
during recording and reproducing, and the recording
frequency is set to a value above 45 MHz.

(3) It is preferable to provide a magnetic disk using a
metallic film having magnetic coercive force larger than 2
koOe.

(4) It is preferable to set the build-up time of the
recording current to a value smaller tﬁan 5 nano-seconds
(ns).

(5) It is preferable that the coil of an inductive head for
performing recording of information on a magnetic disk is
formed through a thin film process, and the number of
terminals is three, and the indﬁctance between the
terminals is smaller than 1 micro-henry (uH).

(6) It is preferable that the coil éf an inductive head for
performing recording of information on a magnetic disk is
of a two-layer structure, and the number of winding turns
in the first layer is equal to that in the second layer,
and the direction of the winding.is opposite to each other.

(7) It is preferable that the coil of an inductive head for



magnetic filmformed on the | ower magnetic film one end contacting
to one end of the |lower magnetic film the other end facing the other
end of the | ower magnetic filmthrough a magnetic gap, thereby the
upper magnetic filmfornming a 5 magnetik circuit having the magnetic
gap in the part _together with the |ower ymagnetic fil a conductive -
coi | f orPRTEPENING | FIRAHNS v’érﬁm@rmgf% %cﬁ‘?ﬁj‘%‘iﬁs&& 1is
passi ng between both of the nagnetic fil ns. .. .The present .
invention is cHBraciIledlagen sHrUCtuTen and anRftitionphismingh i
| east one of the upper magnetic . , filmand the | ower magnetic filmis
formed t hroughcennected @it3 RPSAEEIRA, (BhiSREFRIRORALRT NFQ e VL ki ng
Ni of 38 to 60 wt% and Fe_of 40 to 62 wt% and having a film
t hi ckness of 1the munkex|of MindinGdeiens hetvwerni theiskaruing ROt KLt han
500 A, and magnetic coercive force in_the hard axis direction smaller
than 10 O5. the coil (p aadshe endPRidh ¢HVEReEOHL rE)i cand okheret hod
of a thin fil mnmagnetic head conprising a | ower magnetic film
an upper magneturréntnfiowing between| ohkram@ghe) iandithe cwrenpne end
contacting to one end of the |lower magnetic film t he ot her end
faci ng the ot hElowimgdbetieen o(®e) amdgneh) care in ¢pposite dhpse tagerthc
gap, thereby the upper nagnetic

other.

(8) Letting the film thickness of a magnetic film of a core

10 of an inductive head be 4 (um), resistivity be p (uQecm)
and relative permeability at a low frequency be pu, it is
preferable to provide a means in which these parameters
satisfies the relation ud’/p < 500.

(9) It is pr;ferable that at least a part of the recording

15 magnetic pole of a magnetic head used for data recording or
data recording and reproducing is of a multi-layer
structure in which a magnetic layer and an insulator
layer are alternatively laminated, and the thickness of
the film is thinner than 2.7 um.

20 (10) It is preferable that the Fe-Ni alloy described above
is used for at least the upper magnetic film of the
recording magnetic films of a magnetic head used for data
recording or data recording and reproducing, and a Co
base amorphous alloy or an Fe base amorphous alloy is

25 used for the lower magnetic film.

(11) It is preferable that the martial of the recording

magnetic pole contains at least one kind of Zr, Y, Ti,



f|In1forn1ng a magnetic circuit having the magnetic gap in the part
together with the | ower magnetic film a 25 conductive coil formng a

coil having a given nunber of wi ndi ng turns passing between both of
the magnetic filns.. The presenyapinvention involves a fabrication
met hod of 9 athin film
magneti c head gghenai ad gdigast one of the | ower and the upper
n?gnetlc films i's forned by el ectroplating using a N -Fe

el ectroplatin trecqny f@f&%éﬂﬂé'ﬂﬂéﬂ'ﬂﬂé recordi®ly aRRFRAOMIIYR Of
Ni[err] |onsqo?%15 to 2 g/l and Fe Il ons of g@b to 2.7 g/l, the
ratio of the Ndeid] difgs sand diiee productF%f o g @urdet] @iid nuk®ery 7
to 8, containing a stress | ease agent and a surface active agent,

the pH being of wi fg“?t Guins of the coil R ld Gdgidtic iHedd uded Foabl e

that the thin nagnetlc head is forned by electroplatlng t hough a

K
(Tfist hlenpl gt [ ngdaao@% %r{qte) %5% gé&% currie&‘aétnp(il en5| t tlmtﬁﬁ%et o]

30 mVcne. a value larger than 0.5 ampere turns (AT).

(13) It is preferable that the resistivity of at least a
part of the recording magnetic pole of a magnetic head used
for data recording or data recording and reproducing is

10 larger than 40 uQecm and the relative permeability is
larger than 500.

(14) It is preferable that the recordiné coil of an
inductive head for performing recording of information on
a magnetic disk medium is of a single-1§yer structure,

15 and an additional terminal is connected to a position (c¢)
corresponding to one-half of the number of winding turns
between the starting point of the coil (a) and the end
point of the coil (b), and the cur;ent flowing between (cC)
and (a) and the current flowing between (c) and (b) are in

20 opposite phase to each other, and a dual element head using
a spin valve element and a giant-mégnetoresistive element
is used as the reproducing head.

In the high frequency band over the recording
frequency of 45 MHz, the head efficiency (efficiency to

25 induce magnetic flux) of the ﬁagnetic head is dominated by
the eddy current loss. Although in'order to decrease the

eddy current loss it is most effective to decrease the film



Further, in the present invention, it is preferable 15 that the thin

fil mpmagnetic head conprises a nmagnetic core described in claim 1,
the filmbeing formed using a plating bath each ions added Co ions of
0.4to0 0.6 g/Il and/or Cr, Mo, Pd, Im3B less than 0.1 g/l.

Further, it is preferable that the magnetic filmof 20 the thin film
magneti ¢ head tkidknessl &f themagpetic mpre, dediwaming odiskhé nf Hlmagnetic
field. In the present invention, witing blur due to the )
recording frequeicikness dauses atecordingnimvapabiiity Wieleto shortdge in
prevented by designing the thickness, resistivity and 25 relative
permeabi l ity ofhe mexpreding fmaqnetia flagaeti c pol e for a wite head
in taking eddy current loss into consideration, and at the sane tine

by setting the datdaln order to sufficiently record on a mediumGaving
recording frequency to a high value and rotating a magnetic di sk

fitting t& thehidloueadresthi@tcdett e sfese larger (dhard t2060 RB&f erable to
provi de a nmeans having a transfer rate higher than 15 nega bytes per
second, areal gisidylarly above 2300 Oe, the £ilm thickness is
required to be larger than 2 um as well as saturation
magnetic flux density is required to be high. In general,
employing a multi-layer film is for decreasing the eddy
10 current loss, but the head process for coping with the
high recording density is difficult to obtain a high
accuracy in the dimension.
Therefore, it is necessary to decrease the eddy
current loss by increasing resistivity Pf the magnetic
15 core in order to extend the frequency characteristic of
the permeability (u) of the magnetic core up to a high
frequency side.
The Ni-Fe magnetic film (3 uym film thickness) shows a
saturation magnetic flux density (B.) larger than 1.5 T and
20 resistivity (p) of 40 to 50 uQe-cm when Ni concentration is
within the range of 38 to 60 wt%. That is, when the Ni
concentration is below 38 wt$, the specific resistivity (p)
is large, but saturation magnetic flux density (B,) becomes
lower than 1.5 T.
25 On the other hand, when the Ni concentration is

above 60 wt%, saturation magnetic flux density (B.) also

becomes lower than 1.5 T. Especially, it is preferable



5 | ay ger than 500 nega bits per square inch. (2) It is preferable
that when storing of information is performed using a magnetic di sk
having a di aneter snaller than 3.5 inches, the magnetic disk is
rotated at 4000 rpm during recordingignd reproducing, and the
recording 10 frequency is set to a value above 45 Mz. (3) It is

preferable to prhgtdene coarentyadivh 6F M ds 40 tomBakkisc film having
magneti c coercive force larger than 2 kCe. (4) It is preferable

to set the build-up h!@&a@&nb?%ro@éss 1H@C @uditR®1eU foNfabe idatahnye as Falmer
t han 5 nano-seconds (ns (5) It is preferable that the coil of

an inductive headviigy such aP {hiYoB i o C AhdNd sQf siiAter FRkl eRy8Rad grain
magnetic disk is ormed through a thin f|In1process and the nunber

of 20 term ngksel %atnh'b%ema@&d 's'i’tfi‘lqt %@C%nb%tl\é@%&obﬁﬁtln melt @b, nal s
is smaller than 1 mcro-henry ([err 'S preferable that the

coil of an §ndugligtetheaddeticive qor&%r fc%rmn{aa@%ﬂmq @hd Rhe’ Mation on

a magnetic disk I ayer structure, and the nunber of

winding turns 25 ientdeid Uf Srystbar dah odechBaslAl 5" 10U agecond

| ayer, Irection o w nding I's opposite to each ot her.
possible even in a case of such a composition having

large magnetocrystalline anisotropy. For example, it is
preferable that the orientation*ratio of crystal is
10 suppressed below 5.0, that is (1 1 1)/(2 0 0) < 5.0.

The composition of a plating bath for fabricating such
a film is that the Ni and Fe ién_doncentrations are Ni*": 15
to 20 g/1, gg“: 2.0 to 2.7 g/1, and the ion ratio
(Ni""/Fe™) is 7 to 8. In this case, pl?ting current

15 density is 10 to 20 mA/cm’, the pH is 3.0, and the bath
temperature is 30°C.

On the other hand, in the:case of adding at least one
kind of the elements Co, Mo, Cr,'B, In and Pd, it is
preferable that the Co is less than 15 wt%$ and the Mo is

20 less than 3 wt$% in order to keep saturation magnetic flux
density (B;) higher than 1.5 T and resistivity (o) larger
than 40 uQecm.

In a case of using Co as a component in the bath, it
is preferable to add up to CoSO?GHJ)of 100 g/1 (Co ions

25 of 21 g/l), and in a case of Mo, Na,MoO.2H,0 of 4.8 g/l
(Mo ions of 1.9 g/l). For example, in a case of adding Cr

[Cr,(S0,),18H,0] instead of Mo, the same effect can be



(7) It is preferable that the coil of an inductive head for

perform ng'recording of information on a magnetic disk is of a.
single-layer structure, and an additional termnal is connected to a
position (c) corresponding to one-half of 15 t he nunber of wi nding turns

between the starting point of 5 the coil (a) and the end point of the
coil (b), and tdkserved. cukn entcdseh@dsing dh qQt)Imn s E the @urksent
fl om ng between (c) and (b) are in opposite phase to each ot her.
(8) Letting theindrtensed oatesso cfargemafabant Gk of a core 10 of an
i nductive head be d ([err]m, resistivity be p ([err]-cm. and
rel ative perneabilitGn athen dthex rhapdncin vhg erage aft ddding Copreferabl e
to provide a neans in which these paraneters satisfies the relation
[err]/p < 500.saturati®x) ndgnetic cflraidensiky (@B,)| dastingrpasedobyt he
recording 15 magneti c pole of a magnetic head used for data recording or
data recor di ng mealr Il @t uchough sresistindty -(@yef the fikkm uid Wwlkightshi ch
a magnetic |layer and an insul ator
deceased. Therefore, it is preferable to use Co together
with Mo. Further, since Co increases the anisotropic
magnetic field (H;), Co is preferable for stabilizing the
magnetic characteristic.

10 When Co is added more than 15 wt%, saturation magnetic
flux density (B,) of the film is increased, but resistivity
(p) of the film is deceased too small. Therefore,
resistivity (p) of the film cannot be increased up to a
desired value unless a large amount of Mo, Cr are added.

15 This is not preferable because the magnetic coercive
force of the film becomes large. In order to increase
resistivity (p) without increasing the magnetic coercive
force of the film, the adding amount of Mo, Cr should be
limited to 3 wt% or less.

20 In the case of adding B, In, Pd or the like, the
adding amount should be limited as the same as above. 1In
these cases, the plating condition may be the same as in
the case of a Ni-Fe magnetic film as described above.

Assuming that the high frequency'lbss (tan &) of the

25 magnetic film is only the eddy current loss, the high

frequency loss can be expressed by the following equation.



| ayer ,are alternatively |am nated, and the thickness of the filmis
thi nner than 2.7 [err] 20 (10) It is preferable that the Fe-Ni all oy
descri bed above is used for at |east the upper magnetic filmof the
recording magnetic filnms of a magnetic head®used for data recordi ng
or data recording and r%Pron/ ng, and a Co base anorphous all oy or
an Fe base annrphou§§£ oy i used for the | ower nmagnetic film

(11) It is preferable that_ /e nartial of the recording magnetic pole
contains at |east one kind: Y, T,

12 Hf, Al and Si. %&g%/ S preferable that the recordlng
nagnetonntive force™ tH# CR he product of recording-cdddent and
nunber wi nding turns of the coil of a nmagneti.c head used for 5
data recordi ngw&er&aﬂ"a PO M AFearid Te&dr (P@&'& ﬁ@qg§nsé{nalg@.nary pazty gifue
| arger than 0.5 anmpere turns (AT), It is preferable that the
resistivity of the complex magnetjg pesm lﬂéabr& A§ Aageastansol e of a

magneti ¢ head used
determined by the shape of the film, and p, is

permeability of vacuum.
From the above equation (1), when relative
permeability u inherent to the magnetic f£ilm, the film
10 thickness d, resistivity p are given, the eddy current
loss tan & corresponding to the frequency f can be
obtained. Since the change of the head efficiency
(efficiency to induce magnetic flux) corresponding to the

&

frequency is proportional to the change in the real part

15 of the complex permeability, the frequ;ncy dependence of
the head efficiency can be obtained by calculating & from
Equation (1) and taking the cosine component.

That is, the head efficiency n for each frequency
can be expressed by the following equation.

20 n = cos[arctan(pﬁuuff/Cp)j- | eee(2)

From Equation (2), by specifying the value ud’/p which
can be obtained from relative permeability ¢ inherent to
the magnetic film, the film thiékness d and resistivity
o, the head éfficiency n for an érbitrary frequency £ can

25 be extrapolated.

By combining the above head and a magnetic disk

using a metallic magnetic film having magnetic coercive



for data recording or data recording and reproducing is 10 | arger than

40 [err]-cmand the relative perneability is | ar ger than 500.
(14) It is preferable that the recording coil of an i nductive head
for performng recording of information oni7? . a nmagnetic disk nediumis

of a single-layer structure, 15 and an additional terminal is connected
to a position (fgrce largey rtdsroralikae twhimte-islsmadfl tine wiitiseblofrngingdi ng
turns between the starting point of the coil (a) and the end

poi nt of the caidridy higid fhenmenoenteddmiinmg dret viserfludtuation afd (a)
and the current flow ng between (c¢) and (b) are in 20 opposite phase to

each other, ancbwesiupitiieeid feasbasible to obtmispian hiafly et fmencnd a
gi ant magnet oresi stive el enent is used as the reproduci ng head.

In the high fregusnaycdrdse @pstdiichdwiony dirgpl densiteduergsr ofhatb 3o,
the head efficiency (efficiency to 25 I nduce magnetic flux) of the

magneti ¢ head e Opafi, N3t @dde¥ding fried@endyy higheenthaasd5 MHzhandhai n
order to decrease the eddy current loss it is nost effective to
decrease the fi{fansfer rate higher than 15 MB/s.
In a éase of using a fast énd_wide SCSI (Small
Computer System Interface) having a data bus of two-byte
width as an I/0 interface, from the relationship between
10 a price of an input/output device and a transfer rate per
one magnetic disk devicé composing the input/output
device, it is possible to transmit data up to 20 MB/s at
maximum when the fast and wide SCSI having a data bus of

L4

two-byte width as an I/0O interface is used.

15 In this case, when the transfer rate per one magnetic
disk device is above 15 MB/s, it can be understood that the
price of the input/output device can be decreased.

Further, when the capacity.per one magnetic disk
device is 550 MB, it is possiblé to handle an 0S (Operation

20 Software) such as Windows, Workpléce and the like. In order
to realize this capacity with one magnetic disk of 3.5 inch
type, areal density capable of recording the data is
required to be 500 MB/in’. |

According to the present invention, a recording head,

25 which is capable of performing sufficient recording to a

medium having a high magnetic coercive force and at a high

frequency range, is fabricated by a specified composition



13 , thickness of the magnetic core, decreasing of the film
t hi ckness causes recording incapability due to shortage in t he
recordi ng magnetic fl ux. In order to sufficiently record on a
medi um havi ng 5 hi gh magnetic coercivel8orce | arger than 2000 Ce,
particularly above 2300 Ce, the filmthickness is required to be
| arger than 2 23R4 rjhreugk|a lewscesit selestroplatipgreethbodl ux density is
required to be high. In general, enploying a nulti-layer filmis for
decreasi ng the eddyThexebycuiteibs possibbettohebbain ardisksstaragepi ng
with the hi gh recording density is difficult to obtain a high
accuracy in theystemrsitih a high recordimgedensitytcapabbeesfaa yhigh rate
decrease the eddy current loss by increasing resistivity of the
magnetic 15 txansfen, clekreasingtaccessect imecardcincheasing memoxy of
the perneability (p) of the nmagnetic core up to a high frequency
si de. 5 capatict NibyFekeeping ix tramsfer[eaté Riglet hiltdmess)MBIoONS a
saturation magnetic flux density (B[err]) larger than 1.5 T and 20
resistivity (pjeadrding of Ségjency -kighdwentiin cofcems ; adndra i Sotating Wit hin
the range of 38 to 60 wt% That is, when the N

speed of a magnetic disk higher than 4000 rpm.

Brief Description of Drawings:
10 Fig. 1 is a perspective view showing a disk storage
system;
Fig. 2 is a cross-sectional view showing a disk
storage system;
Fig. 3 i; a front view showing a disk storage system;
15 Fig. 4 is a plan view showing_a di;k storage system;
Fig. 5 is an assembled view of a magnetic head and a
supporting device;
Fig. 6 ié an assembled view.of a magnetic head and a
supporting device;
20 Fig. 7 is a perspective view showing a slider having
a thin film magnetic head;
Fig. 8 is a perspective view showing a dual element
head; .
Fig. 9 is a graph showing the relationship between
25 frequency and overwrite;

Fig. 10 is a graph showing the relationship between

crystal grain size and magnetic coercive force in the hard



concentration is below 38 wt% the specific resistivity (p) Is large,

but saturation magnetic flux density (B[err]) becones | ower than 1.5
T. 25 On the other hand, when the Ni concentration is above
60 wt % saturation magnetic flux density (Bﬁgrr]) al so becomes | ower
than 1.5 T. Especially, it is preferable

14 that tl&isoddercrdongn of N is 40 to 50 W% A plating
process is suitable for fabricating a film havi ng such a conposition.
That is, since the cryigt.all10is A cross-siett iOnA1LE iBA@hvings @ lindyctive
electroplatlng met hod, 5 magneti c coercive force can be nade small and
t he ori entylaiggn of crystal can be decreased as |ow as possi bl e
even in a case of such a conposi tion havi ng | ar ge magnetocrystalline
ani sotropy. For exanmplig. i1% ii% a PlanpbﬁkﬁfiﬁﬁihﬂﬂaabntH%d%hhﬂﬁ%ﬁ%hﬁa ;ratio
of crystal is 10 suppressed bellow 5.0, that is™ (1 1 1)/(2 0) < 5.0.

The conposi i on of apglgat 179 183N P1ah L3k GHOWIhgS¥He construction of a
film of a magnetoresistive head;
Fig. 14 is a view showing the construction of a film
of a magnetoresistive head;
Fig. 15 is a view showing the construction of a film
10 of a magnetoresistive head;
Fig. 16A is a graph showing the relationships between
content of Ni or (Ni/Fe) ratio and B;
Fig. 16B is a graph showing the relationships between
content of Ni or (Ni/Fe) ratio and S
15 Fig. 16C is a graph showing the relationships between
content of Ni or (Ni/Fe) ratio and H,;
Fig. 17A is a graph showing the relationship between
content of Mo and B,; |
Fig. 17B is a graph showing the relationship between
20 content of Mo and p;
Fig. 17C is a graph showing the relationship between
content of Mo and Hg;
Fig. 182 is a graph showing the relationship between
content of Mo and B,;
25 Fig. 18B is a graph showing the relationship between

content of Mo and p;



a-filmis that the NI and Fe ion concentrations are Ni[err]: 15 to 20

all, #e[erf]: 2.0to 2.7 g/l, and the ion ratio (Ni[err]/Fe[err]) is
7to 8 Inthis case, plating current 15 density is 10 to 20 mA/ cnR, the
pHis 3.0, and the bath tenperature i29 30[err]C. On the

ot her hand, in the case of adding at |east one. kind of the el enents

Co, Mo, Cr, B, In argid’d,180 iss a grapiprefowiniy echdhatelateidmhip |hestsvedman
15 % and the Mo is 20 | ess than 3 W% in order to keep saturation
magnetic flux contefensf tMo (BieH]) higher than 1.5 T and resistivity (p)
| ar ger than 40 [err]-cm - In a case of using Co as a
conponent in the batgigjt19 is a igraplefsticimg tthexdselyrionship between
CoS err]6H err] O of 100 g/l (Co 1ons 25 of. 21 g/1), and in a case of

Mo, [err] of 4 8-dddency and Mufansmef);1.9 g/1). For exanple, in a case of

addi ng Cr [eTr] i'nstead of , the sane:éffec; can be _
15 ogserved. Igig, cApeiPfa %ﬁm%&@rsﬁdtﬂiﬁ@% sth i tH1i 10 magnetic
i ncreased not so | arge as about 10% L

head;

Fig. 21 is a cross-sectional view showing a thin film
magnetic head;
Fig. 22 is a perspective.view showing a dual element
10 head; and .

Fig. 23 is a plan view showing an inductive head.

Description of the Invention:
Hereiné%ter, various embodiments of a disk storage
15 system, a thin film magnetic head_ther;for and a
fabrication method thereof according to the present

invention will explained referring to drawings.

Embodiment 1

20 Fig. i.and Fig. 2 are a whole view and a plan view
showing an embodiment of a disk-étprage system in
accordance with the present invention. The disk storage
system is éomposed of a magnetic disk 1 for recording
information, a DC motor (not shqwn in the figures) for a

25 means to roﬁate the magnetic disk, a magnetic head 2 for
writing and reading the informétion, a positioning device

for a means to support the magnetic head 2 and change the



On the, othgr hand, in the case of adding Co, saturation magnetic fl ux
density (B[err]) is increased by 5 nearly 10% t hough resistivity (p) of
the filmis slightly deceased. Therefore, it is preferable to use Co
t oget her with Mb. Further, since Co i2dcreases the anisotropic
magnetic field (H,enz%é, Co.is preferable for stabilizing the

magneti ¢ char a®A4tqn of fde magnetjhesd % tRidde magnetis diskuly,
saturation magnetic . flux density (Blerr]) of the filmis increased,
but resistivityhich ig gomposad qf |af aFtwat@sdr D yeies (coifhaososr &,
resistivity (p) of the film cannot be increased up to a desired val ue
unl ess a | arge &b @t BT Wollter & Lordd@eping the insifg ©f s£heotsystem

pref erabl e because the magnetic coercive force of the film becones

| arge. In orderck&®fncrease resistivity (p) without increasing the

magneti c coercive force of the film the adding anount of M, O

shoul d be 3 | i mThel awRrtgmsdorls eomposesl of a canrimge dasa afaidddi ng

B, In, Pd or the like, the - addi ng amount should be linmted as the

same as above. 8, a bearingd cqhss vaiee gl mpteond tisocomppsted oife asanme

as in the case of a Ni-Fe magnetic film as described above. .

Assumi ng that tvMeside goifl dfuansy d oagnetadl.er Mhese fiilgures show an
example where eight magnet disks are attached to a single
rotating shaft to make the memory capacity large.

10 Fig. 3 is a front view of a disk storage system in
accordance with the present invention, and Fig. 4 is a plan
view of the disk storage system. In the figures, the
reference character 1 is a magnetic disk, the reference

,

character 2 is a magnetic head, the reference character 3
15 is a gimbais system supporting device,‘and the reference
character 4 is a positioning device (actuator).
The magnetic disk 1 is rotated in the direction of the
arrow a by a rotating driving mechanism. The magnetic head
2 is supported by the supporting device 3 and moved in the
20 direction of the arrow b, or b, on the rotating diameter O,
and positioned, and thereby to perform magnetic recording
or reproducing using a proper one of cylinders T, to T,.
The magnetic disk 1 is a medium having a surface
roughness R,,, less than 100 A, preferably a medium having

25 a better surface condition of a surface roughness less than

50 A.



25 magnetic filmis only the eddy current |oss, the high frequency
| oss can be expressed by the foll ow ng equation.

16 tan [err] = [err] . = Ri[err]L

= [err]/Cp .. (1) 22 where [err]' and [err]" are
a real part and an imaginary part of 5 t he conpl ex magnetic
permeability. Cis aThenmhaghet disk detisr madedblyy folrminkape maknieltécf i | m
and po is perneability of vacuum From t he above equati on
(1), when rel atireeording Ealaeahi khey shefake oifereriigid shdstagrtet thrbukhm
the film 10 thickness d, resistivity p are given, the eddy current

loss tan [err] @okaeupanding tFormifg’ meghodcy frheamalfetic recrdingdfilm
Since the change of the head efficiency (efficiency to induce

magnetic flux) q@rreyieddia’dat dalghetic thif Eduenaades off 9p@e,00wa doxNile
change in the real part 15 of the conplex perneability, the ?requency

dependence gf co-crt g R®ad18%d.Ci ency can be obtained by calculating
[err] from

Since the film thickness of the magnetic recording
film formed through the vacuum film forming method is
thinner than 0.5 um, the surface characteristic of the
rigid substrate directly reflects on the surface

10 characteristic of the recording film.

Therefore, the rigid substrate having a surface
roughness R,, less than 100 A is used. A rigid substrate
having the major component of glass, chemically reinforced
soda-alumina silicate glass or ceramic is suitable for such

15 a rigid substrate.

The magnetic recording film may be formed of a
magnetic iron oxide such as y-Fe,0, or the like or a
magnetic nitride. In a case where the magnetic film is a
metal or -an alloy, it is preferable that an oxide film or

20 a nitride film is provided on the surface or an oxide
covering film is formed on the surface. It is also
preferable to use a carbon protecting film.

By doing so, the durability 6f the magnetic recording
film is improved and accordingly the magnetic disk 1 is

25 prevented from damage which may be caused in a case where

recording or reproducing is performed under a very low

floating condition or at a contact-start-stop condition.



Equation (1) and taking the cosine conponent. That is, the head
efficiency n for each frequency can be expressed by the follow ng
equation. 20 [err] = cos[arctan([err]/Cp)] -~ From
Equation (2), by specifying the value pd2/23 which can be obtained .
fromrelative perneability p inherent to the magnetic film the film
t hi ckness d and re§ThQ|QX;@e film gr the hituideéffilmmay [leerfofmed an
arbitrary frequency f can 25 be extrapol at ed. By conbi ni ng

t he above headthmmhghrm@ﬁmﬂlweng&tterlngusregcalmetedpar dﬁgwsitinjldfn
havi ng magnetic coercive

force |arger ttiae Rikeée Tie odxide sowdting ﬁilmemawLwélfmxmed bydurlng hi gh
frequency recording and in fluctuation of - overwriting, it is possible

to obtain a hiiitertionablyeoxidizin skthetsunfEceyst ethdavadgetical density
| arger than 500 5 MB/in[err], a recording frequency higher than 45 M+&

and a 5 trpecéedingt£iln ghede (dfina kiet&l sor an alloy cont®ifisse H

using a fast and wi de SCSI (Snall .
least one kind of iron, cobalt and nickel such as Co-Ni
or Co-Cr th;ough reactive plasmé treatment or the like.

The magnetic disk 1 may be either of perpendicular
recording type where the recording residual magnetization
10 in the magnetic recording film has a component in the

perpendicular direction to the film surface as the major
component, or of a longitudinal recording type where the
recording residual magnetization has a longitudinal

L4

compocnent as the major component.

15 It is also possible to apply a lubricant on the
surface of the magnetic recording film though its figure is
omitted here.

Fig. 5 and Fig. 6 are views showing the assembled
construction of the magnetic head 2 and the gimbals system

20 supporting device 3.

The magnetic head 2 has reading and writing elements
22 in the side of an air flow-out end of a slider 25 of a
ceramic structure body and supportéd by the supporting
device 3 driven by a positioning.device 4 so as to be

25 allowed pltchlng motion and rolllng motion by adding a load

on the surface 24 opposite to a floatlng surface 23. The

reading and writing element 42 is a thin film element



Conput er System Interface) having a data bus of two-byte wi dth as an
I/Ointerface, fromthe relationship between 10 a price of an
i nput / out put device and a transfer rate per ~one magnetic di sk device
conposi ng the input/output . device, it24s possible to transmt data up
to 20 MB/ s at maxi mum when the fast and wide SCSI having a data bus
of t wo- byfermedittheeugin the sanerpragess agcthat i6f IC fabricatiing
case, when the transfer rate per one magnetic di sk device is above 15
MB/s, it can beteghrodegwd that the price of the input/output device
can be decreased. -~ Further, when the capacity per one magnetic
di sk devi ce | STHESsWporting qreiddl: i densfimcteddy Grathiny 20
Sof tware) such as W ndows,  Wrkpl ace and the like. In order to
realize this cogatifixing bmnemhgrbta csuppdetoing. bodincd? formed yqfe,arar eal
density capable of recording the data is required to be 500
MB/in[err]5 elastic retaiilioigchin tfiElprissentrigid rdrmrpart rEkcor di ng
head, 25 which is capable of perform ng sufficient recording to a
medi um havi ng aattathedorettlve ques £t eniny cbewick &8 wsinghjointing r equency
range, is fabricated by a specified conposition
members 11,12, and by attaching a flexible body 36
formed of'é similar metallic thin film to a free end on
the other end in the lateral direction of the supporting
10 body 37, and by attaching the magnetic head 2 on the
underside surface of the flexible body 36 (refer to Fig.
3 and Fig. 4).
The porfion of the supporting body 37 attached to the
rigid arm part 51 has an elasticlspring part 21, and
15 forms a rigid beam part 42 by connecting to the elastic
spring part 41. The rigid beam part 42 has flanges 42a,
42b formed by bending on the both sides.
The flexible body 36 comprises two outre flexible
frame parts 31, 32 extending nearly in parallel to the
20 axial line in the lateral direction of the supporting
body 36, and a side frame 33 jointing the outer flexible
frame parts 31, 32 in the end far from the supporting body.
The flexible body 36 comprises further a middle
tongue-shaped part 34 having one end as a free end
25 extending from near the middle portion of the side frame 33
along and nearly in parallel to the side flexible frame,

and the one end in the opposite side to the side frame 33



18 . and through a low cost electroplating nmethod. _ Ther eby,
it is possible to obtain a disk storage systemw th a high recording
density capable of a high rate transfer, decreasing access tine and

increasing menory 5 capacity by keeping3a transfer rate higher than 15

' hj th 45 MHz, and a rotatin
Q/E{aza gf a nag:f?ﬁcf)a{:t%r}g%‘{]?%gtrq’c% ! j?fg{ﬁr%gnthe free epd gf gher i gtion of
Drawi ngs: 10 Fig. .1 js a perspective view showing a disk storage
syst emg suppqiritd:nggz 9%‘436 %t 3%%-"2%@1%%69‘ Vih&y LHegw ng a di sk
storage system Fig. 3 is a front view show ng a disk storage
system 15 [Ty the (UWPRED | SHF RARy Shdtia griddl e K anaergdhaned em
Fig. 5 is an assenbled view of a nmgnetic head and a . supporting
devi ce; part g4, of; the easlsl%rﬁ)m#x/i%ﬁn & Rraigsptdian 3edemnd a

supporting _device; 20. Fig. 7 is a perspective view show ng a slider
havi ng 5 load, for example, a semi-spherical projection is

provided, and a load is transmitted from the free end of
the supporting body 37 to the middle tongue-shaped part
34. The surface 24 of the magnetic head 2 is fixed to
the under surface of the middle tongue-shaped part 34 by
10 adhesive.

In this embodiment, a magnetic disk 1 having a surface
roughness R,,, is used and the floating amount g at starting
of floating the magnetic head 2 is set within the range of

4

0.01 ym to 0.04 pm.

15 The floating amount g of the inne;most cylinder T,
among the reading and writing cylinders T, to T, provided in
the magnetic disks 1 is set between the floating amount g
at starting of floating of 0.01 ym to 0.04 ym and a value
several times of the floating amount.

20 The shape of the slider 21 constructing the magnetic
head 2, the load applied from the supporting device 3 to
the magnetic head 2, the rotating speed of the magnetic
disk 1 and so on are set so as to obtain the floating
amount as described above.

25 Fig. 7 is a perspective view showing a negative

pressure slider. The load slider 70 comprises an air

intake surface 71 and a negative pressure generating



a-thin filmmagnetic head; Fig. 8 is a perspective view show ng
a dual el enent head; Fig. 9 is a graph show ng the
rel ati onshi p between 25 frequency and overwite; Fig. 10 is a
graph showi ng the rel ationship between 26crysta| grain size and

magneti c coercive force_in the hard
19 axi s dFREERFENT3 surroundedeg tye pesitiévespressurengenerating

showi ng an i nductive head; Fig. 12 is a plan view show ng
an inductive hefgrfacgs 72, 72rifgr genezaiipgakhei Shoskénonforne, and a

construction of a filmof a magnetoresistive head; Fig. 14
is a view showi 8§0PHE 24n&AVISgi 8nS&EPalarger than theanegahéver pressive
head; Fig. 15 is a view showi ng the construction of a film 10
of a magnet or esgenep¥athngdsurface 73 inthe benndary bhetpeenhthengirhe
rel ati onshi ps bet ween
5 intake surface 71, the two positive pressure generating
surfaces 72, 72 and the negative pressure generating
surface 73.
On an air outlet end 75, fhe negative pressure
slider 70 also has thin film magnetic head elements 76
10 for recording and reproducing information on and from a
magnetic disk 1.
During floating of the negative pressure slider 70,
the air introduced through the air intake surface 71 is
expanded at the negative pressure genérating surface 73.
15 At that time, since an air flow flowin; toward the groove
74 is also generated, there exists inside the groove 74
an air flow flowihg from the air intake surface 71 toward
the air outlet end 75.
Therefore, dust floating in air is forced to flow by
20 the air flow inside the groove 74 and is exhausted from
the air outlet end 78 to the outside of the negative
pressure slider 70 even if the dust floating in air is
entered into the air intake surface 71 during floating of
the negative pressure slider 70.
25 Further, since there is an air flow and not exists

stagnation inside the groove 74 during floating of the

negative pressure slider 70, dust is not accumulated the



content of N\ or (Ni/Fe) ratio and B[err]; Fig. 16B is a graph

showi ng the rel ati onshi ps bet ween content of Ni or (Ni/Fe) ratio and
p; 15 Fig. 16Cis a graph showing the relationships between

content of NN or (Ni/Fe) ratio and Herr];27 Fig. 17A is a graph
showi ng the rel ati onshi p between content of Mo and B[err];

Fig. 17B is a yrapteshowi ng the rel ationshi p between 20 content of M
and p; Fig. 17Cis a graph showi ng the rel ationship between
content of M and H®g+]§ is a concepfugl ¢8éwiofaagdwsh ehemeny Hdwd _
rel ati onshi p between content of Mo and B[err]; 25 Fig. 18Bis
a graph showi nfptming e ateécowsding biséaden The dusbnébement Moadnd p;

20 Fig. 18Cis a graph showi ng the relationship between

content of M combt{ses]an inductive hégd 48di & PePredic SAYHMERH | End a
rel ati onshi p between
5 shield part for preventing disturbance in the reproducing
head due to leakage magnetic flux.

Although mounting of the recording head for a
perpendicular magnetic recording is shown in this
embodiment, the magnetoresistive element according to the

10 present invention may be used for a perpendicular recording
by combining with a head for vertical magnetic recording.

The head is formed with a reproducing head composed of
a lower shield film 82 on a substrate 80, a |

L

magnetoresistive film 86, an electrode 85 and an upper
15 shield film 81, and a recording head composed of a lower
magnetic film 84, a coil 87 and an upper magnetic film 83.
'By using this head, signals are written in on the
recording medium and signals read out from a recording
medium. The magnetic gap between the sensing part of the
20 reproducing head and the recording head can be positioned
at the same track at a time by forming at an overlapping
position on the same slider, as described above. This head
is formed in a slider and mounted on a disk storage system.
In this embodiment, the upper and the lower magnetic

25  films of the inductive head are formed through the

following fabrication method.



frequency and ([err]/[err]MHiz); 5 Fig. 20 is a plan view show ng a
thin il mhmagnetic head; Fig. 21 is a cross-sectional view
showing a thin film magneti ¢ head; Fig. 22 is a
perspective view showi ng a dual element 28 head; and : Fig. 23
Is a plan view showi ng an inductive head. . Description of the

| nvent i on: Thenderis nedfdrircated | anu sineddodivee riesad fhasr idics lars tupprge
15 system a thin filmmagnetic head therefor and a fabrication
met hod t her eofamt corkbweyr tnadret jir exards which ianerdlientnoglatedlia red
referring to draw ngs. Enbodi nent 1 20 Fig. 1 and Fig. 2
are a whol e vighating dattarcofiining NEhowE npe an gnbpdie®@ndfold. 4 gf Bk
storage systemin accordance wth the present invention. The disk

storage S1Yd L £ "B onEncxD NSk -Of e Ped B Neferet ik al Sffde’e (ictiivg
I nformation, a DC notor (not shown in the figures) for a 25 nmeans to
rotate theg nmgpdne Widds £ dBHEticn heedR d9r3.0, plating current
density of 15 mA. The track width is 4.0 um, and gap
length is 0.4 um.
The composition of this magnetic film is 42.4 Ni-Fe
(wt %), and as to the magnetic characteristics, saturation
10 magnetic flux density (B,) is 1.64 T, the magnetic coercive
force in the hard axis direction (H,) is 0.5 Oe, and
resistivity (p) is 48.1 puQe-cm.
The indu?tive head comprises an upper magnetic core
83, a lower magnetic core 84 also serves as an upper
15 shield film, a coil 87, a magnetoresistive element 86, an
electrode 85 for conducting sense current to the
magnetoresistive element, a lower shield film 82 and a
slider 80.
Fig. 9 shows the evaluated result of the performance
20 (over-write characteristic) of the recording head according
to the present invention having such a construction. An
outstanding recording characteristic of nearly -50 dB in a
high frequency range above 40 MHz.have been obtained.
Fig. 10 shows the relationship between magnetic
25 coercive force in the hard axis direction and average
crystal grain size of magnetic films obtained through the

plating method and the sputtering method in this



wri ting and reading the information, a positioning device for a neans
to support the magnetic head 2 and change the

21 position of the nagnetic head 2 to the magnetic disk 1 whi ch
I s conposed of an actuator 4, a voice coil ggtor 5 and an air filter
6 for keeping the inside of the system cl ean. 5 The act uat or

4 is conposed OfmBodfhéhtrde It dad dé understood VRt iviger. tHdecH sl Coi |
nmotor 5 is conposed of a - voice coil 10 and a magnet 11. These figures

show an e?< e e s el 1 SR OIREN 06 GO SA AT Fowliiaghetic ccoest g e
rotating shaft to nake the nenory capacity large. 10 Fig. 3is a

front view of argdisk féwi?éf‘%héxysiedn(bé‘ can bea§S€ifRege Wi th the present
invention, and Fig. 4 1s a plan view of the disk storage system In

the figures, the Furfﬁégref&e ChEr POWEF MabRei FOHIBR | Ca ONSkre tAEL Oy

ref erence character IS a magnetic head, the reference character 3

15 15 a gl gyel &gﬁgﬁé&n&fdﬁy'w ténslot‘t}e%ref@r@foehe
charact er is a p05| I'oni ng- devi ce (actuator)
remainder may be formed through electroplating, as the
same way described above, or the alloy film may be also
formed through sputtering method.
Fig. 11 is a cross-sectional view and Fig. 12 is a

10 plan view showing an inductive head according to the
present invention. The thin film head comprises an upper
shield film 81, a lower magnetic film 83 attached onto
the upper shield film and an upper magnetic film 84 which
are made of the aforementioned magnet?p film.

15 Fig. 11 is a cross-sectional view being taken on the
plane of the line A-A of Fig. 12. A non-magnetic insulator
body 89 is put between layers 83, 84. A part of an
insulator body determines a magnetic gap 88, and this
interacts in a conversion relationship with, for example,

20 a magnetic medium placed in an air-bearing relation, as the
prior art.

The supporting body 80 serves as a slider having an
air-bearing surface (ABS), and this accesses to and is in
a floating relation with a rotating disk during disk file

25 operation.

The thin film magnetic head has a back gap 90 formed

by an upper magnetic film 83, a lower magnetic film 84.



The magnetic disk 1 is rotated in the direction of the arrow a by a
rotating driving nmechanism The magnetic head 2 is supported by the
supporting device 3 and noved in the 20 direction of the arrow b[err] or
b[err] on the rotating diameter (err] 3p0and positioned, and thereby to
perform magnetic recording or reproducing using a proper one of
cylinders T[errthéobdtkrgap 90 is separdbednfpomtthedhadndtic gapebly um
“having a surface roughness Rl err] less than 100 A, preferably a

medi um having @8il 87bghterposedapetwesniti on of a surface roughness |ess
t han 50 A 22 The

magnet disk 1 is nmadehéycéRtihiing SBYDe87Ccforms arEapedi fgrhed oOnthde
surface of a rigid substrate through a vacuum fi1lmform ng met hod.

The magnetic rei@ﬁér”ﬂabhéﬂc £ilmi 8§4f Of8EdeRSmP1ERIOREOEGh hpTat ihgn e@de Of
y-Fe[err] or Co-N Co-Cr or the like Since the film

]Elh: (r:nkpgfrsn gﬁ th@%@@ﬁf@hb@né@iééﬂl?gcouﬁle wcm f:Hé”ESwéfrﬁé@He{:b@ FELHUM
g met hi nher t .5 [err], the surface
characteristic ghetB8i1 87 has an electric contact point 91 in the
center of coil which is berried with insulator body 89,
and also has a large area as an electric contact point 92
in the outer end terminal point of the coil. The contact
10 points are connected to external lead wires and reading
and writing signal processing head circuit (not shown).
In the present invention, the coil 87 formed in a
single layer is slightly deformed elliptical, and the
portion having small cross-sectional area is placed in
15 the nearest position to the magnefic gap and the cross-
sectional area gradually increases as the distance from
the magnetic gap increases.
The back gap 90 positions rélatively near the ABS of
the magnetic gap. However, thére exists relatively
20 densely many windings of the elliptical coil between the
back gap 90 and the magnetic gap 88, and the width or the
cross-sectional diameter of the coil is small in this
region. The large cross-sectional diameter in the
farthest region from the magnetic gap decreases the
25 electrical resistance.
The elliptical coil does not have any angle or shérp

corner or edge, and therefore resistance to current is



ri:gid gubstrate directly reflects on the surface 10 characteristic of
the recording film Therefore, the rigid substrate having a
surface ~ roughness Rlerr] less than 100 Ais used. Arigid substrate
havi ng the maj or conponent of glass, chem |y reinforced

soda-alumna silicate glass or ceramc is suitable for such 15 a rigid
substrate. small. TRerhlemetthe reetaldilrndth nofregomdudooneaf otha
magnetic iron oxide such as y-Fe[err] or the like or a magneti c
nitride. In a cabkiphical t¢eilntmeshertidonpared with aeredtangabanldéoys it
Is preferable that an oxide filmor 20 a nitride filmis provided on the
surface or an oxixleular (ringeshaped)|geik. fornmed on the surface. It is

al so preferable to use a carbon protecting film By doi ng
so, the durability diremethesmeadvantagesii nthe total itesistamps oyedelead
accordingly the magnetic disk 1 is 25 prevented from damage whi ch may be

caused in & caseoithei® relativelyrshalbl orcomgsqibnty heapegéner®eiomdas a
very | ow floating condition or at a contact-start-stop condition.
small, and heat is properly radiated. Since heat
generation is substantially decreaéed, collapse,
extension and expansion of the thin film are prevented
and the cauée of ball-tip projecfion is eliminated.

10 The shape of the elliptical coil, width of which
uniformly changes, can be formed through a conventional
economical technology such as sputtering.or vapor
deposition method.

In a coil having a different shape, particularly a

15 shape having corners, plating depositi;n is apt to become
non-uniform in width. A coil removed corners or sharp edge
portions is subjected to small méchanical stress.

In this embodiment, a nearly elliptical coil having
multiple winding turns is formed between magnetic cores,

20 the cross-sectional diameter of-tﬁe coil gradually
expands from the magnetic gap toward the back gap, the
signal output power is increased énd the heat generation
is decreased.

Fig. 13 is a conceptual view showing the

25 construction on the surface of a substrate of a magneto-

resistance effect element in accordance with the present

invention formed on the bottom portion of the above



23" ‘$ » The oxide filmor the nitride filmmy be fornmed
t hrough reactive sputtering, reactive vapor depositing or - the |ike.
The oxide coating filmmay be formed by intentionally oxidizing the
surface of the magnetic 5 recording fil32 made of a netal or an alloy
cont ai ni ng at _least one kind of iron, cobalt and nickel such as Co-N
or Co-Cr throughentienedeipduchive rkeadent or the |ike. The
magnetic disk 1 may be either of perpendicul ar . recording type where
the recordi ng resi duthenpggretonesbstive film 1he hsgfermed rabongiag film
has a component in the per pendi cular direction to the filmsurface as
t he maj or supfipoeché3 opposed tongirecdonding etedivmgin yamelodmgre t he
recordi ng residual magnetization has a | ongitudinal conmponent as the
maj or conponent rectidngular shape shaving paseidtlk 143 applyhe élémemantnca t he
surface of the magnetic recording filmthough its figure is omtted
her e. 5 substrabeab$l0 Fi grhbs adef in Evdos honi tige t $icapes Slead | &4
construction of the magnetic head 2 and the ginbals system 20 supporting
devi ce 3. effect The prownideé ca hpropér halsapeanaquetde aviisotgopy ei®nt s
the perpendicular direction with respect to a direction
in which the magnetic field to be detected by the
magnetoresistive film 110 is applied.
10 A current is conducted in the magnetoresistive £ilm
110 from electrodes 140 electrically contacting to the
film, and an output is obtained from the resistance
change of the film caused by the magnetic field applied
to the magnetic field detecting portion having the size
15 of the width 141 in the direction parallel to and the
width 142 in the direction perpendicular to the surface
of the recording medium 191.
Although in this conceptual view the end portions of
the magnetoresistive element are exposed to the opposite
20 surface to the recording medium, the mechanical
durability of the element can be increased by arranging a
yoke-shaped soft magnetic body on the opposite surface to
guide the magnetic field from a recording medium and by
magnetically coupling to a magnetoresistive element
25 arranged inside.

Especially, the resistance of the magnetic circuit is

reduced and the sensitivity can be improved by decreasing



22 in the sijde of an air flowout end of a slider 25 of a ceramc
structure body and supported by the supporting device 3 driven by a
positioning device 4 so as to be 25 al l owed pitching nmotion and rolling
noti on by adding a | oad on the surfad3 24 opposite to a floating
surface 23. The reading and witing elenent 42 is a thin film el enment
24 f or rectheirdMRireight efethe ovkements. t hat of | C fabricating
t echnol ogy. The supporting device 3 is constructed by attaching
and fixing one end dfhe, magnekeresidoiie 3Tl ¢meneRetording Sto thagpresent
metallic thin filmto arigid armpart 51 attached to the positioning
devi ce 4 using jnventien has a monsgmuation? femdexample acks nshewi | Bxikie.
body 36 formed of a simlar nmetallic thin filmto a free end on
the other end it heThatmagnetbresistivefelerentupimriormed My lamihatlifhg and
by attaching the magnetic head 2 on the under si de surface of the
flexible b&dy 3n (acsubstrate gl50 a madghetuorésistie £ilm 110, that is,

a bias film 132, a magnetic film 111, a non-magnetic

conductive film 120, a magnetic film 112, a non-magnetic

conductive film layer 120, a magnetic film layer 111, a

bias film 131, and further on the laminated layer by

10 electrically jointing an electrode 140.
In the construction of the element shown in Fig. 12,
an electrode 140 is placed under a bias film 131. This
is an example of effective constructions in a case where an

»

insulator film such as nickel oxide film is used for the
15  upper bias film. ‘

Another construction of the electrode may be formed in
such a manﬁer, for example, that a bias film is partially
formed and then an electrode is formed over the bias film.
There are still other methods where a conductive bias film,

20 for example, Fe-Mn film, Co-Pt film or the like is formed
and then an electrode is formed directly on the
conductive bias film.

The present element is constructed by alternatively
laminating a magnetic film applied with a strong anisotropy

25 by a bias film, a magnetic film applied with a weaker

anisotropy than the above anisotropy by uniaxial magnetic

anisotropy, a shape magnetic aniSotropy or a soft film bias



The portion of the supporting body 37 attached to the rigid arm part
51 has an elastic spring part 21, and 15 forms a rigid beampart 42 by

connecting to the elastic spring part 41. The rigid beam part 42 has
fl anges 42a, 42b formed by bending oP4 he both sides. The
flexi ble body 36 conprises two outre flexible, frame parts 31, 32

ext endi ng near | {hEONGra| pR-RagRefelc Pndustive | fHkm 5P 3% trenduct
direction of the supporting - body 36, and a side frape 33 jointing the
outer flexible CUrrent e Laeh (Qthar but Rp% [ZARTR PGt P LRPort i ng
body. ~ The flexible body 36 conprises further_a mddle
t ongue- shaped PREEWeRN HeleMmg HFPEMERELY a the ARRH 1D% dixsqlien RF ke
near the mddle portion of the side frame 33 along and nearly in
paral | el to theaRisRt¥or¥|wikl herdescribed HrLeWe one end in the opposite
side to the side frane 33 . ) 25
is attached to the \itgnily 18 aeonceptual Giew hghowing ampgample) ewbdy 37
by welding or the like. On the upper surface of the mddle
t ongue- shaped anisotropy control in a magnetoresistive element in
accordance_With the present invention, and is a perspective
view of a pért of the element shown by A-A' of Fig. 14.
The bias films 131 and 132 apply anisotropy by
10 switched connection in the directions indicated by the
arrows 171 and 172 in the figure. The arrow 160 in the
figure indicates the direction of the magnetic field to
be detected, and the arrow 161 indicates the direction of

’

unidirectional magnetic anisotropy induced in the
15 magnetic film 111. a
The easy magnetizing direction of the magnetic film
112 sandwiched by the non-magnetic conductive films 120 is
applied in the direction indicated by the arrow 162 in the
figure by induction of uniaxial magnetic anisotropy. This
20 can be attained by applying a magnetic field in a proper
direction during growing the magnetic film.
The embodiment shown by the figure is an example where
application of the anisotropy is attained by the bias film
and the inductive magnetic anisotropy. As a result, the

25 arrows 161 and 162 intersect at right angle with each other

on the surface of the film.



part 34 of the flexible body 36, a projection 35 for 5 | oad, for
exanpl e, a sem -spherical projection is provided, and a load is
transmtted fromthe free end of t he supporting body 37 to the nmiddle
t ongue- shaped part 34. The surface 286of the magnetic head 2 is fixed
to t he under surface of the m ddle tongue-shaped part 34 by 10
adhesi ve. by two |dififierendntkididsemf bdasadiidmsc dihgit Ashawmn@naisurface
roughness Rerr], is used and the floating anbunt g at starting of

fl oating the nfgmornagneddc fidm andra hard-magnetje @ilm. 0.01 [err] to
0.04 [err]. 15 The floating amount g of the innernost cylinder
T[err] anong (The maghetpresdsirive red emgntndsr Lokred byt dak{imat]ling
provi ded in the magnetic disks 1 is set between the floating anount g
at starting of on eatsubgtafat@ A5 e Jantd -EeXidmargnletdied falwallde, a

several tinmes of the floating amount. 20 -The shape of the slider 21
constructi Bg t hagnegiet ifilm 111 ,heacch-naymetdad £dp 190 ,f comalghetic
supporting device 3 to the magnetic head 2, the rotating speed of the
magnet i c fdilsk 112arhds@ Grami-mespietie &5 1n 1643t aland htiell @8t i ng

amount as described above. 25 Fig. 7 is a perspective view show ng
a negative connecting an electrode on the laminated film. Both of

the anti-ferromagﬁetic film 132 and the hard-magnetic
film 133 are respectively fixed to two films of the
10 magnetic films 111, 112 separated by the non-magnetic film.
The directions of magnetization of the magnetic films
111 and 112 are induced in the directions indicated by the
arrows 161 and 162 respectively by performing thermal

,

treatment under magnetic field or magnetizing treatment in
15 the directions 172 and 173, a parallelpdirection and a
perpendicular direction to the direction 160 of the
magnetic field to be detected.
The anti-ferromagnetic film is formed of, for example,
nickel oxide, and the hard-magnetic film is formed of a
20 cobalt-platinum alloy. The same effect may be obtained
when the positions of the hard-magnetic film and the
anti-ferromagnetic film are reversed, or the directions
of induced magnetization are reversed.
The films composing the magnetoresistive element
25 according to the present embodiment are fabricated using a

high frequency magnetron sputtering apparatus in a manner

as follows.



pressuyre s|lider. The load slider 70 conprises an air I nt ake surface
71 and a negative pressure generating '
26 surface 73 surrounded by two positive pressure generating
surfaces 72, 72 for generating the floating7force, and a groove 74
having a step larger than the negative pressure generating surface 73
in the boundary betMegnetheesaistive elemenks baveabeenlfabhacawedpbyitive
pressure generating surfaces 72, 72 and the negative pressure
generating suceasfsively3laminating thenfadlawingumhterdéads7snp ahe ,
negative pressure slider 70 also has thin filmmagnetic head el ements
76 10 for reevaniagsuhdtrapeodndi agSinsdngdei onyshaindubstmate of 1.
magnetic disk 1. During floating of the negative pressure slider
70, t he mmr thaickndesedndhBoipghhekeddametaralie sor hzgen7atmesphere
expanded at the negative pressure generating surface 73. 15 At that
time, sinc®g anodi B8 midd-Tbewsag Rewar dpuheegingvearget ugédi arel sargets
generated, there exists inside the groove 74
of nickel oxide, cobalt, a nickel-20 at% iron alloy and
copper.
Addition of cobalt to nickel-20 at% iron is
preformed by placing a cobalt chip on a nickel-20 at$
10 iron target. Addition of nickel and iron to cobalt is
performed by placing nickel and iron chips on a cobalt
target.
The laminated film is formed by applying a high
frequency electric power to each cathode placing each of
15 the targets to generate a plasma inside the system and then
by opening and closing a shutter provided each of the
cathodes one by one to form each of the films successively.
During forming the films, a magnetic field of
approximately 50 Oe is applied in parallel to the substrate
20 using two pairs of magnets crossing at right angle to each
other on the surface of the substrate to form uniaxial
magnetic anisotropy in the film and to induce the direction
of the switched connection bias of a nickel oxide film to
each direction.
25 Induction of anisotropy is performed by applying a
magnetic field in the direction to be induced during

forming each magnetic film using two pairs of magnets



an air<flow flowng fromthe air intake surface 71 toward the air
outl et end 75. Therefore, dust floating in air is forced to flow
by 20 . the air flow inside the groove 74 and is exhausted from t he
air outlet end 78 to the outside of the neggtive pressure slider 70
even if the dust floating in air is entered into the air intake
surface 71 durprovidedtnegrod substrate.neQbherwipepssheedstédeionof 25
Further, since there is an air flow and not exists stagnati on i nside
the groove 74 amtinfeftomagmetid bhes is indegedi ¥R phesdirecsiomest 74,
dust is not accunul ated the 27

i nsi de. magne¥ig. £8eld by cperfptmihg vhest ot reatimeht ehed@nt head
form ng a recordi ng head. The dual el enment head conprises an

i nducti ve headnaguetic epielidicatga heatipepathife nbar thé clideDafémpEFature

preventing di sturbance in the reproducing head due to | eakage

megnetic fs ux.of the anti-féitonginePiOt fNmOirtee F6EAINY NEhdaRcLEL 2
layer film.

Evaluation of performance of the magnetoresistive
element is conducted by patterning the film in a
rectangular shape and forming electrodes. 1In this time,

10 the patterning and electrode forming are performed so that
the direction of uniaxial magnetic anisotropy of the
magnetic film becomes parallel to the direction of current
in the element.

The meésurement is performed by conducting a constant

15 current between the electrode terminals, applying a
magnetic field in the surface of the element in the
direction perpendicular to the direction of current flow,
measuring the electrical resistance of the element as the
voltage between the electrode terminals, and detecting

20 the measured results as the magnetoresistance ratio.

In Table 1, the characteristié of the element is
expressed by the magnetoresistance_fatio and the saturation
magnetic field. The reproducing output of the element
corresponds to the largeness of the magnitude of the

25 magnetoresistance ratio and the sensitivity corresponds to

the smallness of the magnitude of the saturation magnetic

field.



per pendi cu) ar nagnetié recording is shown in this enbodi nent, the
magnet oresi stive el enent according to the 10 present invention may be

used for a perpendicul ar recording by conbining with a head for
-vertical magnetic recording. Tﬁé head is formed with a
reproduci ng head conpogsed_ of a lower shield film82 on a substrate
80, a magnet dFedPsEiearf EFpmgEheregndtt pdddabieapdthatupper 15
shield film81, and a recordi ng_head conposed of a | ower - magneti c
film84, a coPPIBPtargsaftiyBePLRBEALE NOFj LntQaNo. 5 have a By ysing this
head, signals are witten in on the recordi ng medi um and signals read

out from a rcBBEBERGresistapegi taA-iPndardgrethang4f Badwaehetkersensi ng
part of the 20 reproduci ng head and the recording head can be positioned
at the sane tma6@e§ﬂcachﬁﬁécg§riﬁt#Fmgaa@ aneoPuitE4ppAAgy partigudaripn on
t he sane slider, as described above. This head is formed in a slider
and rmount®d oAnattieskesistageesgbagming rate comppmedhte ¥obofi apdt Not he
upper and the | ower nagnetic 25 films of the inductive head are forned
through the 7. follow ng fabrication nethod.

Among them, the specimen No. 1, No. 2, No. 4 show an
excellent magnetic field sensitivity of about 10 Oe
saturation magnetic field and a high output of 6 to 7%

10 magnetoresistance ratio.



28 K

and a | ower magneti c cores which are electroplated in a
containing Ni[err] of 16.7 g/l, Fe[err] of 2.4 g/l,

There is fabricated an inductive head having an upper

pl ati ng bath
and a common

stress-rel’ease agent and a surface active405 agent under a condition of

pH of 3.0, plating current
[err], and gap

length is 0.4 [err].

this magnetic filmis 42.4 N -Fe

characteristics,

density of 15 mA. The track width is 4.0:
The conposition of

: (W 9%, and as to the nagnetic
saturation 10 ;ﬁﬁiﬁw*c flux density (B[err]) is 1.

64 T,

the nmagneti c geersyg=—————tfaree—r—tire—ir rthgR Sk reaima—{H e 2
0.5 Ce, and 51 St \ednipd Pt icnAPhickfédd S £ilm (R) hews | &
i nducti ve heag S, a TowerTegnietTe
core 84 al so yemyeb pNieWNipPpéCu/NiFe/Chi/dMide/Nim a coil 87, al6.5 |12
magnet or esji stifve el eprent 86, an el ectrode 85 for conducting senge
current to the BRQeBOr ¢t uoe /@igment /3@0l ower shield fill m82|and &
slider 80. Eig. 9 shows the evaluated result of the erTbr#ﬁnce
20 (over-wilte chal HéPEEPLLuINiBR/CHLCRLNERdi ng head according 7.2 | o
the present ingventiop having such a construction. An
300/50/21/ 40 /21/50/300
3 | NiIO/NiFe/Cu/NiFe/Cu/NiFe/Cu/NiFe/NiQ 5.5 11
300/ 60 /21/ 40 /21/ 40 /21/ 60 /300
10 4 | NiO/Co/Cu/Co/NiFe/Co/Cu/Co/NiO 7.5 |16
300/60/21/15/ 40 /15/21/60/300 {
5 | NiO/NiFe/Cu/NiFe 4.5 |15
300/ 60 /21/ 40
6 | NiFe/Cu/NiFe/Nio 3.0 | 14 hﬂ
15 60 /21/ 40 /300
7 | NiFe/Cu/NiFe/NiO 3.9 |10
.60 /21/ 40 /150 I
Note Spe.: specimen, MR: magnetoresistance ratio (%)
H, : saturation magnetic field (Oe)
20 '
In the disk storage system of the present emediment,
the region sandwiched by a pair of electrode 85, which
becomes a reproducing track width, is set to 2 um. During
recording, current of 15 mA, is conducted to the coil 87
25 having 20 winding turns to record any informatioh on a

medium.

On the other hand, during reproducing, direct current



out st andi ng recording characteristic of nearly -50 dB in a hi gh
frequency .range above 40 MHz have been obt ai ned. Fig. 10 shows
the rel ati onshi p between magnetic 25 coercive force in the hard axis
direction and average crystal grain %}ze of magnetic filns obtained
t hrough the pl ating nmethod and the sputtering nethod in this
29 enbod®FehtMA | is cgpnductedctetbled +83d WhER tRedetgstaleakage grajn
size is smaller than 500 A, | ow nmagnetic coercive force [ower than -
1.0 Ce can be BpgRehi@ field from ammedHEP: for the |ower magnetic film a
Ni-Fe alloy 5 thin_ filmconposed of Ni 70 to 80 wt % Fe of the
remai nder may be foRn@Eskhsteprdel ersEeml &% i eonstsucked by combimingythis
descri bed above, or the alloy filmmy be al so formed t hrough
sputtering nethagnetic head withga 3415 inghcpagretict dbnkl withwa CeCrTy. 12
is a 10 pl an vi ew showi ng an inductive head according to the
present iBvent {addingecambuntiofnfhedsl tonptt setecordppgrfilm havimglal film
81, a lower nagnetic film 83 attached onto

magnetic coercive force in the recording bit direction of

2100 Oe and a magnetic coercive force orientation ratio of
1.2. ‘.
The production Bred of the residual magnetic flux
10 density and the film thickness of the magnetic disk
recording film used_hear is 100 Gauss-um. The
specification of the magnetic memory apparatus

constructed in this embodiment is shown in Table 2.

’

15 Table 2

- Specification of a 3.5 inch Type Apparaﬁus using a

Dual Element Head

Memory Capacity 5.5 GB
Number of Disks 4
20 Number of Data Surfaces 8
Number of Heads 8
Number of Tracks/Disk Surface 7378
Maximum Linear Recording Density 170 kBPI
Track Density 8.3 kTPI
Rotating Speed | 4491 RPM
25 Recording Fregquency 80.0 MHz
Transfer Rate (to/from Mediaz 18 MB/sec



t he upper shield filmand an upper magnetic film 84 which are made of
t he af orenenti oned magnetic film 15 Fig. 11 is a cross-sectional
vi ew being taken on the pl ane of the line A-A of Fig. 12. A
non- magneti c i nsul at or body 89 is pu42between |layers 83, 84. A part
of an i nsul at or body determines a nmagnetic gap 88, and this
interacts in aEmbadamensnlrel ationship with, for exanple, 20 a magnetic
medi um pl aced in an qir-bearing relation, as the prior art.
The supporting bodyF8gssel6¢Bs 46BaaBdi §6¢ ALGi agaphs showipgr tbeari ng
surface (ABS), and this accesses to and is in a floating relation
with a rotatingedatiiodahipg between| eompgnengpefampgnetic film, maghetdnin
filmmagnetic head has a back gap 90 forned by an upper magnetic film
83, a | ower magheracterlist8¢s and resistivity (o) when metallic ion 30
The back gap 90 is separated fromthe nmagnetic gap b¥ a coil 87
i nt er poseds bet eeacentrations, that isnt amoiungscoifl N&7 famdnFed liayer fornmed
on the '

plating bath are varied.

Ni"™ is added using NiCl,°6H,0, Fe™ is added using

FeS0O,7H,0, and a common stress release agent and a surface

active agent are added. Plating is performed under a

10 condition of pH of 3.0 and plating current density of 15
mA/cm’. The film thickness is 3.0 pm.

It can be understood that when the content of Ni in
the film is within the range of 38 to 60 wt%, the
saturation magnetic flux density (B;) is larger than 1.5 T

15 and resistivity (p) is larger than 40 uQecm, that is, the
film has outstanding characteristics in that saturation
magnetic flux density (Bg) is 1.5 times as large as and
resistivity (p) is twice as large as those of well known
80Ni-Fe permalloy film.

20 Further, the magnetic coercive force in the hard axis
direction (H.,) is smaller than 1 Oe, similar to 80Ni-Fe
permalloy. The varying trends of saturation magnetic flux
density (B;) and resistivity (p) are nearly the same as
those of the bulk material, but the decreasing rates as

25 the Ni content increases are smaller than those of the bulk

material. The reason is that the film has a very small

crystal grain size of 40 to 80 A compared with that of the



|l ower ynagnetic film84, for exanple, through plating to 5
el ect:fomagnetical ly couple with the |ower magnetic film The coil 87
has an electric contact point 91 in the center of coil which is
berried with insul ator body 89, and3al so has a large area as an
el ectric contact point 92 in the outer end termnal point of the
coi |l . The cofuddt materiadoi nts are connected to external |ead wires and
r eadi-ng and witing signal processing head circuit (not shown). .
In the present infamh cthandateigti®s fanedwt argely vagiiey evheaydhe s
slightly deformed elliptical, and the portion having snal
‘Cross-sect i orpHl i eeaﬁisedplvaidzétin rthel Fangen@ hekrfedto Posi t iaod tthe he
magneti c gap and the cross- sectional area gradually increases as the
di stance fromplating tduernmergnetensiggp isnoragzisssl within the rabge kefcls gap 90
positions relatively- near t he ABS of t he magnetic gap. However, there
exi sts rél atiteel30 MAYcm'deWsehythenplaiidgnhathf tehpeebtupei dal vann.éd
bet ween t he back gap 90 and the nagnetic gap 88, and the width or the
cross-sect i ondlthlimmesrraxfge hef A8 Itad 85 1ta@l,| the tbintent of Wd&gien. The
| arge cross-sectional dianeter in the farthest region fromthe
magneti ¢ gap sleigdsesiddreastn asSlthed rHemperastird aceincreased, but
the characteristics themselves are not affected.
The magnetic film of the present embodiment is
10 suitable for an upper magnetic core of an inductive head
having a lower magnetic core using an Fe-Ni series alloy
containing Ni of 70 to 80 wt%, but the film may be used
both of the upper and the lower magnetic cores.
Especially, as shown in Figs. 16A, 16B and 16C, B,
15 shows the highest value of 1.6 T at Ni of 40 to 50 wt%, and
it is preferable to combine with a film having an (Ni/Fe)
ratio of 0.667 to 1.00. Incidentally, the (Ni/Fe) ratio of

“a film having Ni of 38 to 60 wt% is 0.613 to 1.50.

20 Embodiment 3
Figs. 17A, 17B and 17C show test results on the
magnetic characteristics and resistivity (p) of a magnetic
film containing Mo in a (Ni 44 wt%-Fe) serie5~alloy.
That is, the figure shows the magnetic characteristics
25 and resisfivity (p) of a magnetic film formed by adding
Mo as an element to increase resistivity (p) to a plating

bath containing N of 16.7 g/l and Fe™ of 2.2 g/l. The Mo



The el [fi ptical coil does not have any angle or sharp corner or edge,
and therefore resistance to current is

31 small. Further, the total l|length of conductor of the

elliptical coil is short conpared with a ré&ttangular or a circul ar
(ring-shaped) coil. From t hese advant ages, the total resistance
of the 5 cbsladded chsingaiia,MofqidH,0cbysSqgdit B maxtimyaaer ation is
smal |, and heat is properly radiated. Since heat generation is
substanti al | y decr ensecian coé | apderstood thatenesbstivittexpahsebntlee the
thin filmare prevented and the cause of ball-tip projection is
elimnated. lfagnetic Fhemshapenofeasedeini propartion| towtbiehamdunhieh
uni formy changes, can be forned through a conventi onal econoni cal

t echnol ogy suchdaedspelt eFrbngepampbeprresistidippsiph oofnehaomagnetic

In a coil having a different shape, particularly a 15 shape havi ng
corners, patipg1fcReGihgonoi 6faptwt® showseabove 600pQem fuwirimhi risnvaticdut A

coil renmoved corners or sharp edge
three times as large as that of the 80Ni-Fe permalloy film.
In this case, the saturation magnetic flux density

(B,) is decreased only 5% and nearly 1.50 T which is 1.5
times as high as that of the 8ONi-Fe permalloy filﬁ. |

10 However, it is undesirable to add an amount of Mo
exceeding 3 wt$ (Mo of 5 g/1 on the bése of Na,MoO,4H,0)
since magnetic coercive force in the hard axis direction
(H,) becomes above 1 Oe and saturation magnetic flux
density (B,) becomes below 1.5 T.

15 Adding of Cr, instead of Mo, has Leen studied, and the
results are nearly the same as in the case of adding Mo.

The magnetic film of this embodiment may be used in the

same way as in the previous embodiments.

20 Embodiment 4
Figs. 18A, 18B and 18C show test results on an (Ni 44
wt$-Fe)-Co 15 wt%-Mo magnetic film to which Co and Mo are
added at a time in order to further increase saturation
magnetic flux density (B;) and resistivity (p) without
25 degrading the maghetic characteristics of the magnetic

film.



pbrtiochs is subjected to small mechanical stress. In this
enbodi nent, a nearly elliptical coil having multiple wnding turns is
formed between nagnetic cores, 20 the cross-sectional dianeter of the
coil ‘gradually expands fromthe magngsi c gap toward the back gap, the
signal output power is increased and the heat generation S
decr eased. TheFCg. i§3added usnngpCo8D 7HgO, sémdV tivetMe if5added
construction on the surface of a substrate of a magneto- resi stance
ef fect el enent usingcNayMed\e4H)0 1 fast theprsasentas in Emboddmieinan 3.or e on t he
bottom portion of the above 32
mentioned i nduekamplkesagdhown are in aTbaseagherer ehesaddényi kmohh€ bf Co
formed al ong a surface 163 opposed to a recording nediumin a | ong
rectangul ar shapeahawvhsgaatWwodt h314¢8%0f 10beggleornthenbaseSof €ub6|-7aL®)
150. This definition on the shape has an ~effect to provide a proper
shape magngticaafi 6at thpyotRer handt Bhepaggengi ambantdofenbi 98 whtrhegegpect
to a direction
to 4 wth.
As a result, by adding Co of 13 wt% saturation
magnetic flux density (B,) of the magnetic film is
increased by 10 % and becomes 1.78 T. However,
10 resistivity (p) is decreased by 30 % and is 3543>cm. By
adding Mo resistivity (p) is recovered. By adding Mo of
2.5 wt%, resistivity (p) is increased by nearly 20% on
the contrary and becomes 55 uQecm.
In this case, saturation magnetic flux density (B,) is
15 1.55 T which is slightly higher value than the film without
Co. Further, since addition of Co increases anisotropy
of a film, magnetic characteristic of the film is
stabilized.
The magnetic film of this embodiment may be used in

20 the same way as in the previous embodiments.

Embodiment 5
Fig. 19 shows permeability (u) of the typical magnetic
films fabricated through the manufacturing methods
25 described in Embodiments 2 to 4, in the figure
permeability is normalized with the value uy at frequency

of 1 MHz. For the purpose of comparison, permeability



iI‘'n whifch the nmagnetic field to be detected by the magnet or esi sti ve

film2110 is applied. 10 A current is conducted in the
magnet oresi stive film 110 from el ectrodes 140 electrically contacting
to the ~ film and an output is obtai4fd fromthe resistance

change of the filmcaused b{ t he nggne i C fLeId,angied to the :
magnetic fiel HYePECERRS PRI TFENPREDRLLOY B 4s akso measuged; dtFhe41 in
the direction garallel to and_t he .. Width_142 in the direction
per pendi cul ar thickpessesfa€eall the filmea¥@cdrdfng nmedi um 191
Al though in this conceptual ,view the end portions of the |
magnet or esi sti ve eFeRehReafilBgpeichhnis eRROALMERT{RAVIDG regishivity efie
recordi ng nmedi um the nechani cal durability of the el enent can be
i ncreased by 48rBRgfAgr@-cm, the dikeauansst Of Wharmhagmmaakil iy
opposite surface to guide the magnetic field froma recordi ng medi um
and by 5  degreaseal by édudl (RBatoid, nhfnbtofeinitial pevneabilty)
arranged insi de. Especi al |y, the resistance of the magnetic
circuit is is upetiactbheananggeofef8i MHg|tg ¢QnMB2.| nPhivedanhgedisr2asi ng
-to 5 times as wide as 15 MHz for the permalloy. It can be
understood that the frequency characteristics of the
films of the present embodiment are improved.
10
Embodiment 6
Fig. 20 and Fig. 21 are cross-sectional views
showing an inductive head having a two stage winding coil
using the magnetic films according to the present
15 invention for an upper and a lower magﬁetic films as the
same as in Embodiment 1.
As shown in the figure, the thin film magnetic head
210 involves a lower portion and an upper portion
magnetic f£ilm formed of two films 212 and 214 made of a
20 magnetic material, for example, permalloy. The films 212
and 214 are deposited by two stages containing shaping
films 221 and 213, respectively.
These films 212 and 214 are separated by insulating
films 215, 216 and 217 except for a back portion region 218
25 where the films are physically contact and a top end region

219 where the films are separated by a thin film 220 of a

non-magnetic material to form a magnetic gap 221.



33 #§ the MR height of the el enent. The magnet oresistive
el ement according to the present I nvention has a construction, for
exanpl e, as shown in Fig. 14. The magnetoresistive elenent is forned
by lamnating 5 on a substrate 150 a rfelgnetoresistive film 110, that
IS, a bias film 132, a magnetic film 111, a non-magnetic :
conductive fil m 120TRereethRTV i@, il@lata W%‘@*ﬁ% iQeil 222 cignhdihe i ve
filmlayer 120, a magnetic filml ayer bias film 131, and
further on t heSPagR rf'sieen idhe biilms ZI%I%QQ r4¥hi9% 3 dlagnefiain el ectrode
140. In the construction of the element shown in Fig. 12,
an el ectrode MALEEid} accBheRRil 2227 1Ag | twe 1Zterrhiayer mulyi- an exanpl e
of effective constructions in a case where an insulator filmsuch as
ni ckel oxi de fWintAiRgSsA4B oko t3k3n 1dpposird in aan felkiptical pattermot her
construction of the electrode nay be forned in such a manner, for
exanpl e, that kzetween fthenfilmsir2l%i 1316 and It mefl inshldeingmatierialode
is formed over the bias film - There are still other nethods where a
conductive bias filPhe twp endrpaxtign of Fheitrdnsdudtr Rfag i220 dits téwed i ke
Is forned
with an air bearing surface (ABS) formed on a non-magnetic
substrate attached with the above mentioned films.
The transducer gap 221 reacts with a rotating magnetic
10 recording medium (not shown) such as a rotating magnetic
disk in an air bearing relation. When the disk is
rotated, the head flies on the air bearing surface (ABS)
very near the recording surface of the disk.
The thin film magnetic head is fabricated by
15 depositing a magnetic film 212 and a shaping film 211 on
a substrate 224 using a proper mask in order to form a
thin deposited film in the top den region 219 of a
magnetic pole chip. Then a non-magnetic film 220 is
formed on the films 211 an 212 except for the back gap.

20 region 218.

Then a first insulating film 215 is deposited onto the
film 220 except for the magnetic gap 221. A continuous and
flat conductive first film of elliptical swirl-shaped
winding 223a to 223n is deposited on the insulating film

25 215 through, for example, electroplating.
An insulating film 216 is deposited on the first

film of the coil, and a second film winding of the coil



and tleen an electrode is fornmed directly on the

The present elenent is constructed by alternatively | am nating a
magnetic filmapplied with a strong ani sotropy 25 by a bias film a
magnetic filmapplied with a weaker 48ni sotropy than the above
ani sotropy by uni axi al nmagnetic ani sotropy, a shape magnetic

ani sotropy orisx degasiteédn mmsthe coil an insulating film 217 is

t hrough a non-magnetic conductive filmso as to conduct
each ot her buiepugitalise Themetas desqiiled abovepetheamadgmeric HBidari al |y,

the applying

direction of the ani sotropy wll be described bel ow.

34

current to

conductive bias film

5

Fig. 15 is a Zbhceptdeposdtead ShTOViE ey mmswekabed ecail exceptanfeottioey cont roI
in a nagnetore5|st|ve el enent in accordance with the present
i nvention, arishcls poypEicperdp isegion 218 ewhidh splpps ically heort amesittisdiown

by A-A of Fi
by 10 sswt

g. 14. The bias filnms 131 and 132 apply ani sotropy

winneiim 212 n the directions indicated by the

arrows 171 and 172 in.the figure. The arrow 160 in the

10

15

20

25

The top end 219 of the magnetic pole chip has a per-
selected nearly constant width W. Ihe width W is equal
to or slightly narrower than the width of a track on the
corresponding rotatable magnetic medium.

The selected width W of the top end of the magnetic
pole chip is obtained by cutting the top end of the
magnetic pole chip, and the step to cu£ the top end of
the magnetic pole chip is performed before the step to
deposit the shaping film 213 for the second magnetic film
214. By changing the process in such a manner, the top
end of the magnetic pole chip can be cut with a very
higher accuracy than a conventional process.

After depositing the magnetic'film 214 and before
depositing the shaping film 213, the thin film head
assembly is covered with a photo-resist mask 230. Then a
window 232 is formed on the photo;resist mask in either
of the sides of the top end region of the magnetic pole
chip of the head.

The masked head is performed an ion milling process.
During the process, the portion of head not covered by the
mask is milled to be carved in a desired width as shown in

Fig. 5.



figurefindicates the direction of the magnetic field to be detected,

and the arrow 161 indicates the direction of uni di rectional magnetic
ani sotropy induced in the 15 magnetic film 111. The easy
magneti zing direction of the magnetic fil m9 112 sandwi ched by the
non- magneti c conductive filnms 120 is applied in the direction

i ndi cated by the ar Fb® 1ier mAldiag procesisg@ifeprsi oguet isuxfareuscakeal
magneti c ani sotropy. This 20 can be attained by applying a nagnetic
field in a properked thedspmet edhesl iafg NTOG1n gondd tiegnetind ficcerdingly
The enbodi nent shown by the figure is an exanple where __application of
t he ani sotropy a stauciugedndy cowveriegs wiithma mask disd allise midded together
magneti c ani sotropy. As a result, the 25 arrows 161 and 162 intersect at
ri ght angl e wi wiitbaeahpbohkorresist gastkhe Jheredforef, the milldled material
36 by two different kinds of bias filnms, that is, an anti-
ferromagnedi ¢ produeed f£rbar theadead dsf irendeposited ont®héhe remaining
magnet oresi stive elenent is forned by | am nating
- portion of the mask and onto the head structure having been
milled before.
In this reason, ion milling is performed in two
stages. 1In the first step, the un-masked structure is
10 milled up to the substrate 224 through the magnetic film
14, the non-magnetic gap film 220 and the magnetic film
212. 1In order to completely remove the material, it is
preferable that the first step is performed until the
substrate 224 is slightly milled.
15 The second step of the ion milling process is
performed to remove all the re-deposited materials, and
performed in a large angle inclining state in such a
state as inclining 75 to 80 degree to the vertical
direction. In a preferable embodiment of an ion milling
20 step, a permalloy magnetic material is milled with an
etching rate of about 550 A per minute by electric power
of about 2 watt per cubic centi-meter. Then the photo-
resist is removed, a shaping magnetic film is deposited,
and thus a thin film magnetic head is completed.
25 The photo-resist mask is milled during ion milling,

and the thickness of the photo-resist on the head becomes

thinner than the thickness of the photo-resist on the



orr-a sybstrate 150 an anti-ferromagnetic film1132, a 5 magnetic film

111, a non-magnetic film 120, a magnetic film112 and a hard-nagnetic
film 133, and then by connecting an electrode on the lamnated film
Bot h of the anti-ferromagnetic film 582 and the hard-nmagnetic

film2133 are respectively fixed to two filnms of the 10 magnetic filns
111, 112 separ akedehjict peleochipgmegionf depending on theTkbagier oft tbas of
magneti zati on of the magnetic filns 111 and 112 are induced in the
directions i ndmaghed iy ftilm 214. arrows 161 and 162 respectively by
perform ng thermal treatment under magnetic field or magnetizing
treatment in 15 (he dhiactfiidmsmbadhesid hedd Laparizhted diccectiiag &pnd a
per pendi cular direction to the direction 160 of the magnetic field to

be detected. the presenthdn®ehnitiber igmednat yokke strusthrerhdvding hor
exanpl e, ni ckel oxide, and the hard-nmagnetic filmis fornmed of a 20

cobal t - pl asi nuralnseacerT i ghetd cebhgc tinmenebendblaaidnadback gapheegtiba
positions of the hard-magnetic filmand the anti-ferromagnetic film

are reversed, gn R &theet iedds and thef yokdusegdudryie! havlingnaare
rever sed. The filnms conposing the magnetoresistive elenment 25
according to thenartSRe @¥1QdifERNendireizdbd @amdneétiiddydke attached
between the magnetic gap and the back gap region of the
yoke structure is formed with two films made of a
10 magnetic material.

A disk storage system constructed using the thin film
magnetic head fabricated in the present embodiment will be
described. The disk storage system according to the
present embb;iment comprises a magnetic disk having an

15 outer diameter of approximately 3.5 inéhes, a spindle for
rotating the disk, a positioning mechanism for a magnetic
head and a housing.

The magnetic head is an inductive head, and the track
width is 5.0 ym. The upper and the lower magnetic films of

20 the head are formed with (Ni 44 wt$-Fe)-2 wt%Mo alloy thin
films having saturation magnetic flux @ensity of 1.3 T,
resistivity (p) of 60 uQecm, relative permeability u of
1000, a film thickness d of 3 um, and the gap length is 0.4
um.

25 An equivalent effect may be obtained using the

following material for the magnetic pole, that is, a

similar Ni-Fe series alloy having saturation magnetic



high ffequency magnetron sputtering apparatus in a nanner as follows.
: Magnet oresi stive el enents have been fabricated by
successively lamnating the follow ng nmaterials on a ceram c
substrate and a Si single crystal substraté&lof 1. mm t hi ckness and 3
I nches diameter in an argon atnosphere 5 of 3 mll-Torrs. As a sputtering
target used arefltuw glEnsity of df.MiTkel EetQeNi/Algbt/ Be+Caekidl -molti-<9 i ron
al l oy and copper. Addi tion of cobalt to nickel-20 at% iron
i's pr ef orlrayerbyf ilimpciang:heir ol i cFe athniinc kel @ Ccarti@ainling i ron
target. Addition of nickel and iron to cobalt is perfornmed by
pl aci ng ni ckel zwaj,i ¥gh ,CHifog, oAl0 coralSio, havihqrgeiin size of 2 riheto
|lam nated filmis formed by applying a high frequency el ectric power
to each cat hodes pimci ng each of 15 the targets to generate a plasna
I nside the system and then by opening and closing a shutter provided
each of thg In the case of mixing oxide in the magnetic film, the
grain size is preferably 0.5 nm to 5 nm. This is because
when the oxide grain size is within the above range, only
resistivity can be increased without degrading saturation
magnetic flux density or the soft magnetic characteristic
10 so much.
By mixing such an oxide described above in the Fe-Ni’
alloy thin film, resistivity can be increased up to
approximately 60 uQecm, and relative permeability shows as

4

a good soft magnetic characteristic as nearly 1000.

15 On the other hand, in a case where the NiFe thin film
without oxide is employed for a recording magnetic pole
of a head, the high frequency characteristic can be
improved by decreasing relative magnetic permeability up
to 500 or less. However, it is necessary to set the

20 recording magnetomotive force of a head to a value larger
than 0.5 T.

A recording film of a magnéfic disk is formed of
CoCrTa (adding amount of Cr is 16 at%) having a magnetic
coercive force in the recording bit direction of 2100 Oe

25 and magnetic coercive force orientation ratio 6f 1.2.

The product Bred of the residual magnetic flux density and

the f£film thickness of the recording medium is 300 gauss-um.



cat hodes one by one to formeach of the filnms successively.
During formng the filnms, a magnetic field of approximately 50 Ce is
applied in parallel to the substrate 20 using two pairs of magnets

crossing at

ri ght angle to each ot hé2 on the surface of the substrate

to form uni axi al magnetic anisotropy in the filmand to induce the -

direction

of Byhemploydmad thenresording mediumy ditc ksl posisdblei tam t o

each direction. 25 I'nduction of anisotropy is perfornmed by applying
a magnetimprovE dhen linead recoreind Aansityucdaragtiergstic anfloit@i ng
each magnetic filmusing two pairs of nmagnets )

38 pr oviSydE taddiad lyukecreas 1ng Rdenmed iunh @odiseedin @n hdgh linear
anti-ferromagnetic bias is induced in the direction of a magneti c
field by perf aesorging denssiynmnangerdeWhen themmpddine maignled ist caercive
tenperature near the Neel tenperature 5 of the anti-ferromagnetic film
after forf& ng fidreemilst ilower thampd0 {0d,mthe bit errorbralteatisodecteased
per formance of the magnetoresistive

10

15

20

25

to cause the apparatus disable.

The rotating speed of the spindle during recording and
reproducing is set to 4491 rpm, and the floating amount of
the head at the outermost periphery of the data reéording
region on the magnetic disk at that time is 0.05 um.

The linear recording density on each track is set so
as to becomes equal from the inner most periphéry to the
outermost periphery of the data recording region, and the
recording fr;quency at the outermost periphery is set to
67.5 MHz. ‘

In the disk storage system in this embodiment, the
linear recording density of data on each of tracks is set
to 144 kBPI (kiro Bit Per Inch), the track density is set
to 5 kTPI (kiro Track Per Inch), and accordingly areal
density is 720 mega-bit per square inch.

In the embodiment, four magnetic disks are used, the
format capacity of the system is 2.8 giga-bytes, and the
transfer rate is 15 mega-bytes per second.

Although in this embodiment the 8/9 conversion is used
for data recording, a system having the same performance as

this embodiment may be constructed even when the

conventional 1-7 method is used for data recording.



el enent is.conducted by patterning the filmin a rectangul ar shape
and formng electrodes. In this tine, 10 the patterning and el ectrode
form ng are performed so that the direction of uniaxial mgnetic
ani sotropy of the magnetic filmbe&des parallel to the direction of
current in the el ement. The neasurenent is performed by
conducti ng a Hwsexemt irnSthatraseyt the weagording| frequercy crecomes, 45
applying a magnetic field in the surface of the elenment in the
direction perf#mdi cular to the direction of current flow, measuri ng
the electrical resistance of the elenment as the vol t age between the
el ectrode tern nalBhe sspecief brdatiopn @O the hiiskeastorage esydtaemas t he
magnet or esi stance rati o. In Table 1, the characteristic of the
element is conseExpresdeih byhis eemtephionente sisstshosven r it i Talbhe 3 he
saturation magnetic field. The reproducing ,output of the -el enent
correspods to the |argeness of the nagnitude of the 25

magnet oresi stance ratio and the sensitivity corresponds to t he
smal | ness of the magnitude of thdlatxkeurdti on magnetic field.

Specification of a 3.5 inch Type Apparatus

Memory Capacity 2.8 GB
Number of Disks 4
_10 Number of Data Surfaces 8
Number of Heads 8
Number of Tracks/Disk Surface 4427
Maximum Linear Recording Density 144 kBPI
Track Density 5 kTPI
Rotating Speed 4491 RPM
15 Recording Frequency 67.5 MHz
Transfer Rate Sto/from Media) 15 MB/sec
Embodiment 7
20 Description will be made on the results obtained
from a disk storage system combining a magnetic head
according to the present invention with magnetic disks
having disk a diameter of 2.5 inches, 1.8 inches and 1.3
inches.
25 The magnetic head and the magnetic disks used in this

embodiment are the same as those used in Embodiment 6,
linear recording density of data on each of tracks is set

to 144 kBPI, and track density is set to 5 kTPI. The



3. . It is clear fromthe result of Table 1 that the

magnet oresi stive elenents No. 1 to No. 5 have a magnet or esi st ance
ratio |l arger than 4% and a better magneti c characteristic, and are
outstanding particularly 5 in the resisbénce changing rate conpared to
No. 6 and No. 7. Anong them_ the specimen No. 1,

No. 4 show an r°tatlaﬂcéPB@ﬁtOﬁaGHGtﬁ@lﬂﬁéﬁdl§eﬁ§¢t§9|ﬁ@aéftéﬁbﬁﬁaﬂéfeﬁ

saturation magnetic field and a high output of 6 to 7% 10
magnet or esi st af@&er pecomes 15 MB/sec for each of the disks. 40

Table 1 Conposi tion/ Thi ckness of film (A M5 Herr]
No.1 Ni O Ni Fe/ Cu/ NFRatberni Bs/ Hegcribed in Embodimgng 632a $ystem having
300/ 60 /21/ 40 /21/ 60 /300
' the same performance as this embodiment may be constructed
5 even when the conventional 1-7 method is used for data
recording. However, in that case, the recording frequency

becomes 45 MHz.

Iable 4

10 Specification of a 2.5 inch Type Apparatus
Memory Capacity 1.8 GB “
Number of Disks 4 "
Number of Data Surfaces 8
Number of Heads ' 8

15 Number of Tracks/Disk Surface ' "2951
Maximum Linear Recording Density 144 kBPI
Track Density 5 kTPI
Rotating Speed 6736 RPM
Recording Frequency 67.5 MHz
Transfer Rate (to/from Media) 15 MB/sec

20

Iable 5
Specification of a 1.8 inch Type Apparatus

Memory Capacity 1.4 GB

25 Number of Disks 4
Number of Data Surfaces 8
Number of Heads 8
Number of Tracks/Disk Surface 2213




2 " Ni O¥Co/ cu/ Ni Fe/ Cu/ Co/ Ni O 7.2 13

300/ 50/ 21/ 40 /21/50/ 300 3 N ON Fe/Cu/N Fel/ Cu/ Ni Fe/ Cu/ Ni Fe/ Ni O
5.5 11 - 300/ 60 /21/ 40 /21/ 40 /21/ 60 /300 10 4

Ni O Co/ Cu/ Co/ Ni Fe/ Co/ Cu/ Co/ Ni O 55 7.5 16

300/ 60/ 21/ 15/ 40 / 15/ 21/ 60/ 300 5 N ON Fe/Cu/N Fe

4.5 15 300/, 60 /21/ 40 6 N Fe/Cu/NFerN O

3.0 14 15 Maximum gdnepy Regordimg Density 7 |l ®BRS Fe/ Ni

3.9 10 J21/ 40 /150 _ Npt e .. speci fren, ‘MR
nagnetoresista.335€§j2éﬁ%%t H{“**]:i’ | netic
field (Ge) 20} Rotating Speed he di sk storage systenlq@gbhguﬁ(esent

enbodi nment , TNe T egl on sandw ched Dy a pai T of fetectroue—85; i ch
becomes a reprpResongdingfFireguency is set to 2 [err] ] éus gz

recordi ng,. curfent of 15.nA[err] i s conducted to thefcoll avi ng
20 wi ndi ng t ur heeXBRSEET, RR T\ TOY o Ore £35S ec On

t he ot her hand, during reproducing, di r ect current

Iable 6 '
Specification of a 1.3 inch Type Apparatus

10 Memory Capacity 0.9 GB

Number of Disks 4

Number of Data Surfaces 8

Number of Heads 8

Number of Tracks/Disk Surface 1475

Maximum Liﬁéar Recording Density 144 kBPI
15 Track Density ‘1 5 kTPI

Rotating Speed 13473 RPM

‘Recording Frequency 67.5 MHz

Transfer Rate (to/from Media) 15 MB/sec

20  Embodiment 8
Two kinds of inductive heads using magnetic poles
having different resistivity p, film thickness d and
relative permeability u are fabricated, and frequency
dependence of recording magnetic field intensity for each
25 of the heads is measured using an electron beam
tomography method.

The magnetic pole material, the magnetic pole



41 s of 8 M is conducted to the lead wire to detect | eakage

magnetic field froma nedi um A di sk storage systemis

constructed by conmbining this magneti c head with a 3.5 inch magnetic

disk with a CocrTa 5 (adding anount of3€r is 16 at% recording film

havi ng a magneti c coercive force in the recording bit direction, of

2100 Ce and a FRyGEReEsS cRer EEFESEEVEEY 0P BREAFPOATLYR| BepReability p in

The production Br.[err] of the residual magnetic flux _ 10 densitz and t he
0]

fil mthi ckness@oloVhEragyaRey cbandibelow 1 MHZ, fpRgeprhnPliskenpEPtOEYRE0
Gauss.[err]. The specification_of _the magnetic nenory apparatus
constructed i nheAds arBosha¥At iRsT3RSEN7Fn Table 2. 15

Table 2 Specification of a 3.5 inch Type paratus using a

Dual El ement Head The head A comprises a magnetic pole formed of a Ni-Fe
5 alloy single film having the composition described in
Embodiment 1 and film thickness of 3 um. The head B
comprises a magnetic pole formed by laminating Fe-Co-Ni-Mo
films of 2.2 ym film thickness through an Al,0, intermediate
film of 0.1 ym film thickness, as the same as in Embodiment
10 4. Thereby, the total thickness of the magmatic pole
film of this head is 4.5 um.

Here, in the multi-layer film of Fe-Co-Ni-
Mo/Al,0,/Fe-Co-Ni-Mo, when the thickness of the single
layer of th; Fe-Co-Ni-Mo film exceeds 2.7 um, the

15 attenuation of magnetic field intensit; at recording

| frequency of 45 MHz becomes above 10% to cause writ
blurring or fluctuation in an over-write film, which is
undesirable. In this embodiment the thickness of the Fe-
Co-Ni-Mo film is set to 2.2 um. |

20 The head C comprises a lower magnetic film of a
magnetic pole which is a Co-Ta-Zr amorphous single layer
film having film thickness of 3 um and resistivity of 90

UQecm.

25
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Note d: thickness of magnetic pole
p: resistivity

M: relative permeability

90

Head efficiencies n are calculated from the measured

results of the normalized frequency dependence of recording

magnetic field intensity. For the head A having the

magnetic pole of Ni-Fe single layer film, the recording

magnetic field intensity begins to decrease near a point

exceeding 10 MHz and the intensity at 100 MHz is

attenuated lower than 60 % of the intensity in the low

frequency band.

On the other hand, although the head B uses the Fe-

Co-Ni-Mn films having the magnetic permeability and

resistivity equivalent to those of the NiFe film used in

the head A, the eddy current loss is substantially

decreased since the films are of a multi-layer structure

through the Al,0, insulating film.

In the case of this head, the attenuation of magnetic

field intensity at 100 MHz is nearly 20 % and the frequency



mA/ cn2.s The filmthickness is 3.0 [err]. It can be under st ood

t hat when the content of N in the filmis within the range of 38 to
60 wt % the saturation magnetic flux density (B[err]) is larger than
1.5 T 15 and resistivity (p) is larger 58han 40 [err].cm that is, the
filmhas outstanding characteristics in that saturation magnetic fl ux
density (B[ erchrrasterdstigedsadmpaoyedas & the casegifsttihs thead)Ci $he
twice as |large as those of well known 8ONi -Fe permalloy film 20
Further, the mddeauatiogeodi yragnetde ifialse intensidys at 100 @fBzeds on
(Herr]) is smaller than 1 Ce, simlar to 80N -Fe permal | oy. The
varyi ng trendfieslyatlutaiingn theg f@equenayx characteyisithe (I8 eutjstanddng.
resistivity (p) are nearly the sane as t hose of the bulk material,

but the decreasing rates as 25 the Ni content increases are snaller than
those of the bulk _, material. The reason is that the filmhas a very
snal | 5 chmhodiment d sjze of 40 to 80 A conpared with that of the

43 bul k material. . .
In this embodiment, an upper and a lower magnetic

films are formed by the following method.
There is fabricated an inductive head having an upper
and a lower magnetic cores which are electroplated through

10 a mask in a plating bath containing Ni™ of 16.7 g/1, Fe™
of 2.4 g/1, and a common stress-release agent and a
surface-active agent under a condition of pH of 3.0,
plating current density of 15 mA.

The traci width is 4.0 um, and gap length is 0.4 um.

15 The composition of this magnetic film i; 42.4Ni-Fe
(weight %), and as to the magnetic characteristics,
saturation magnetic flux density (B,) is 1.64 T, magnetic
coercive force in the hard axis direction (H,) is 0.5 Oe,
and resistivity (p) is 48.1 uQecm.

20 Fig. 22 is a perspective view showing a dual element
head, and Fig. 23 is a plan view of the write. The write
head comprises an upper magnetic core 320, a lower magnetic
core 321 also serves as an upper shield f£film, a coil 325.
The read head comprises a magnetoresistive element 323, an

25 electrode 324 for conducting seﬁse current to the
magnetoresistive element 323 and a lower shield film 322.

The write and read heads are formed on a slider 326. «



Stich characteristics are not largely varied when the pH is varied
within the range of 2.5 to 3.5, and the plating current density is
varied within the range of 5 5 to 30 md¥cniferr]. Wien the plating bath
tenperature is varied within the raffe of 25 to 35 [err]C, the
content of N is s| ic?htly I ncreased as the_ tenperature is increased,

but the char it i fuative head oS RAHAd A7 dhedlisk storage The
magnetic filmof the present enbodipent is 10 sui tabl e for an_upper
magneti c cor e S¥SERM | TRk o Brkediment hake pyaluaherthedgirgoxdidid e using
an Fe-N series alloy containing NI of 70 to 80 wt% but the film may
be used prrtfpnange. Bhe medin Hisedvias miyreiter «bkameter of 3.5
Especially, as shown in Figs. 16A, 16B and 16C, B[errg 15 shows t he
hi ghest val ue Wiches andiimagnegiacceersverigremdt 2500iQeis preferable to
conbine with a filmhaving an (N /Fe) rati o of 0.667 to 1.00.
| nci dent alsl y, the (Ti¢ Rgrformancs (over-write chandoreMNistwic B e w %
is 0.613 to 1.50. 20 Enbodi ment 3 Figs. 17A, 17B and 17C
show t est resutecoxdingichead acomyhing ctehtheaaqresent cinwent iasietdiated p)
of a magnetic filmcontaining Mo in a (N 44 wt% Fe) series alloy.
under such a construction shows an outstanding
characteristic which is approximately -50 dB at a high
frequency band above 40 MHz.
10
Embodiment 10
A disk siorage system of this embodiment employs a
dual element head, shown in Fig. 22, which uses an
inductive head for recording and a magnetoresistive
15 element for reproducing. The upper maghetic film of the
recording magnetic pole of the inductive head is formed
as described above.
And for the other of the upper shield film 81 also
serving as a recording magnetic pole, a multi-layer film of
20 Fe-Co-Ni/Al,0,/Fe-Co~Ni having a single layer thickness of
Fe~Co-Ni film of 2.2 um is used. The thickness of the
Al,0, intermediate film is set to 0.1 um, and the track
width of the recording pole is set to 3 um.
A Ni-Fe alloy film having thickness of 1 um is used
25 for the lower shield f£ilm 82. A Ni-Fe alloy film having

thickness of 15 nm is used for the magnetoresistive element

86 which is driven utilizing-a soft film bias method.



That i%, the figure shows the magnetic characteristics 25 and
resistivity (p) of a magnetic filmformed by addi ng Mo as an el enent
to increase resistivity (p) to a plating bath containing N err] of
16.7 g/l and Fe[err] of 2.2 g/l. The Mo 60

44 is added using [err] by 5 g/l at nmaxi mnum It can be
under st ood that resissteadyofpihefmagnetoresighivet etenenin 86 aingatkd in
proportion to the anmount of added Mb. For exanple, resistivity (p) of
the magnetic Bi-FéiablbowvEagmhbitfig alseshossibbevto6Osgearspim walvd i s
about ~ three tines as large as that of the 80N -Fe permalloy film

In this case, thpeselemehtooompgsedi off AnxNdeRei £ylm, a C@Bfilm})ai€o
decreased only 5% and nearly 1.50 T which is 1.5- times as high as
that of the 80Kilmeandreanl hnyiffermromdgnetic fibmwefeNi-0t sesieadeEe+Mhl e
to add an anmount of M exceeding 3 ww% (M of 5 g/l on the base of
[err]) 5 sSbkettesngpeCireMnoseries;f ancaliloyt bgpbagdlankis direction

(H err]) becomes above 1 Ce and saturation magnetic fl ux density
(Blerr]) becomrmaghetowesibtiIve element of Co-Ag, Co-Au, NiFe-Ag, Co-Cu,

Fe-Ag or the like; or a multi-layer type giant-
magnetoresistive element of Co/Cr, Fe/Cr, Co/Cu or NiFe/Cu
series.

10 The disk storage system constructed according to this
embodiment can attain the same specification as shown in

Table 2.



15 . Adding of Cr, instead of Mb, has been studi ed—and.the
results are nearly the sane as in the case of adding M. The magneti c

filmof this enbodi nent may be used in the same Aﬂuw
previ ous enbodi nents. 20  Enbodi ment 41 "ﬂg w
18C show test results on an (N 44 W % Fe) - Co 15 mﬁ@éNb ﬁagnetsc | m
to which Co affdaN@sire added at a tine in order to further increase

saturation magnetic flux density (B[err]) and resistivity (p) wthout
25 degradi ng the nmagnetic characteristics of the nagnetlc film

45 The S .added usin err]. and the N usi ng
[err], as the ]sameg;é If?&?&ﬁ%rﬁ%’% mpr:.s:.qg(Mlggx %ﬁ&%“@ﬁé‘q

case where the addi anount . of Js a caonstant of 13 wt % (100 g/I

on the base ofdfis o reiasig PO FARRLING REAT SHoBRLc! M

s varledsup thin éfim magnetlc disk, a thin film magnetic head for
performing writing and reading information provided in a
floating type slider, transfer means for supporting said
floating type slider and for making access to the thin
film magnetic disk, wherein at least one of an upper

10 magnetic core and a lower magnetic core said writing
magnetic core of said thin film magnetic head is made of
a metallic magnetic material having an average crystal
grain size smaller than 500 A, resistivity at room
temperature‘larger than 40 uQecm and magnetic coercive

15 force in the hard axis direction smallér than 10 Oe.

2. A disk storage system comprising a thin film magnetic
disk for recording information, rotating means for said
thin film magnetic disk, a thin film magnetic head for

20 performing writing and reading information provided in a
floating type slider, transfer means for supporting said
floating type slider and for making access to the thin
film magnetic disk, wherein at least one of an upper
magnetic core and a lower magnetic core of said writing

25 magnetic core of said thin film magnetic head is an
electroplated thin film made of a Ni-Fe alloy having Ni

of 38 to 60 wt% and Fe of 40 to 62 wt%.



rnsity

AS a result, by adding Co of 13 wt % saturation wganfuby
(B[err]) of the nmagnetic filmis I ncr eased byJiﬁﬂmml“ﬂél l' 1.78
0 andLi SW39s | ex

T. However, 10 resistivity (p) is decreased by 3 rj.cm
By adding Mo resistivity (p) is recéered. By adding M of 2.5
W% resistivity (p) is increased by nearly 20% on the contrary and

becomes 55 [efr].ci disk storageq ystien QEMPrifing & imaenaddredisk | ux
density (B[err]) is 15 1.55 T which is slightly higher value than the
filmw thout havingcg tmansfer mAtedagrusn ithenflCaegachydass pex sot ropy

of a film magnetic characteristic of the filmis stabilized.
The magnetic fS€aanst, @neale densiithtidahey Inrgeredhan 509 megse-bitise pgay as
in the previous enbodi nents. Enbodi ment 5 Fig. 19 shows

‘perneability (awaye igich ad ywidiametemarf @ magnetfiq wkiskalemaddead t hr ough
t he manufacturing nmethods 25 described in Enbodinents 2 to 4, in the
figure 5 pdvaredbid iinches novhexteizedatid madnetixd Wb dkemdtattesf r equency
of 1 MHz. For the purpose of conparison, perneability

faster than 4000 rpm during recording and reproducing,

the recording frequency being larger than 45 MHz, at

least an upper magnetic core of a thin film magnetic head

for performing the recording being made of a Ni-Fe alloy

10 having Ni of 38 to 60 wt% and Fe of 40 to 62 wt% and

having a film thickness of 1 to 5 um, an average crystal

grain size smaller than 500 A, resistivity of 40 to 60

uQecm and magnetic coercive force in the hard axis

direction smaller than 10 Oe, recording magnetomotive force

15 of said recording magnetic head being larger than 0.5

ampere-turns.

4. A disk storage system comprising a thin film magnetic
disk for recording information, rotating means for said

20 thin film magnetic disk, a thin film magnetic head for
performing writing and reading information provided in a
floating type slider, transfer means for supporting said
floating type slider and for making access to the thin
film magnetic disk, wherein said magnetic disk rotates

25 faster than 4000 rpm during recording and reproducing,
the recording frequency being larger than 45 MHz, at

least an upper magnetic core of a thin film magnetic head



46 ¢« (ferr]) of the 80N -Fe permalloy filmis al
t hi cknesses of all the filmare 3 [err]. ﬁmnﬁﬂﬂmnnmﬂumt hi s
enbodi ment having resistivity of 48 to 60 [err]*cny tthe™ ré&quéncy (f)
where perneability ([err]) 5 decreases ©Y 25 % (that is, 75 %of initial
perneability) is up,to the range of 40 MHz to 70 MHz. This range is 3
to 5 tines as {pHcpesfarnipg the reeopding| Peing|madgnofea Ni-FeyalbP¥t ood
that the frequency characteristics of the filnms of the present
enbodi nent ar ehavigRg\ By oL 138 to 60pwbbornegnfescf 40 to 62 wtg. and and Fig.
21 are cross-sectional views showi ng an inductive head having a two
stage wi ndi ng Baving a flmiﬁ@lﬂhéeﬂ%gﬂétfctw Pnemacanravagage ern¥spabsent
15 i nvention for an upper and a | ower nagnetic filnms as the sanme as
in Enbodi ment drain size smajtexhbbani H00he, fresietivityt @Endfiten é@gnetic
head 210 involves a |l ower portion and an upper portion magneti c
filmfornmsd of u@wom fandrsnaretbin ceratwee fisfrce in the hard axis

direction smaller than 10 Oe, recording magnetomotive

force of said recording magnetic head being larger than

0.5 ampere-turns.

10 5. A disk storage system comprising a magnetic disk
having a transfer rate larger than 15 mega-bytes per
second, areal density of recording data larger than 500
mega-bits per sgquare inch and a diameter of a magnetic
disk smallef than 3.5 inches, wherein said magnetic disk

15 rotates faster than 4000 rpm during rébording and
reproducing, the recording fregquency being larger than 45
MHz, at least an upper magnetic core of a thin film
magnetic head for performing the recording being made of
a Ni-Fe alloy, said thin film having a film thickness of

20 1 to 5 um, an average crystal grain size smaller than 500
A, resistivity of 40 to 60 uQecm and magnetic coercive
force in the hard axis direction smaller than 10 Oe,
recording mégnetomotive force of said recording magnetic
head being larger than 0.5 ampere-turns.

25
6. A disk storage system comprising a magnetic disk

having a transfer rate larger than 15 mega-bytes per



20 rmdgnetic naterial, for exanple, permalloy. The films 212  ‘and

214 are deposited by two stages containi ng shaping JM[ ﬂ 213,
respectively. These filnms 212 and 214 are ,* c,ul"m,ﬁ ﬂ'ﬁmj
i nsul ating films 215, 216 and 217 exB&pt for a bacK pdrtlfon®reyion

218 25 wh fil hysi cal_l t.act t end.re
210 whore e BetBBely boBeD AeRLEL 8L YabRthtRl, 230.0300Re8"EaE80508
- [ ial,to_f net | 221. .
a7 Nt TRREReBk pel! BufaRe RarhoaRgue: AYaTESRE 9528 megngtic
b he, fil 212 d 214 of tic, . terial. The coi

253 has e | nfaEK| pRLLRE then 3-8 TpefigPaoehezein sasdsRagoRBiF: ddskn an

| 1iptical 5_b th ' 215, 216 d 217 of i | ati
material P EStates rastEE Enan apbPorelr dining, SACAAALRI ABR221 I 5 even
with an air bearing_surface (ABS) forned %n a non-nagnetic substrate
attached with Fﬁ@rgGBGénﬁenF gnEfCPrAiRg frequency beppg: LargatcEhanaps221

reacts with a rotating_magnetic 10 recordi ng nmedi um (not shown) such as
a rotating maghBgycat leaSt an upper magnetic Core of a thin film

magnetic head for performing the recording being made of
a Ni-Fe alloy having Ni of 38 to 60 wt% and Fe of 40 to
62 wt%¥ and having a film thickness of 1 to 5 um.

10
7. A disk storage system according to any one of claims
2, 3, 4 and 6, wherein said magnetic core contains a
substance composed of at least one kind one of Co less
than 15 wt$ and Mo, Cr, Pd, B, In less than 3 wt% in the

15 total weight.

8. A disk storage system comprising a thin film magnetic
disk for recording information, rotating means for said
thin film magnetic disk, a dual element head for performing

20 writing and reading information with individual elements
provided in a floating type slider, transfer means for
supporting said floating type slider and for making access
to the thin film magnetic disk, wherein at least one of an
upper magnetic core and a lower magnetic core of said

25 writing magnetic core-of said thin film magnetic head is an
electroplated thin film made of a Ni-Fe alloy having Ni of

38 to 60 wt% and Fe of 40 to 62 wts.



di sk isn an air bearing relation. Wien the disk is - head
flies on the air bearing surface (ABS) very nez”m!lm ﬁl ‘m ml
surface of the disk. The thin filmmagneti ¢ headui st abri+Cat ed

by 15 depositing a magnetic film 212 arfP a shaping film 211 on a
substrate 224 using a ,proper nmask in order to forma . thin deposited
filmin the top de?r’\r‘%g%rﬁ%@a%? system COmpLL$iRg 3| Ehin; pllmeagnetic
non-nmagnetic film220 is . formed on the filnms 211 an 212 except for
the back gap %P5k 1Q%BpFouding inlormatiqhertating MeARF ofPRF2id m 215
I s deposited onto the film220 except for_the magnetic gap 221. A
conti nuous andthin fl*md@aﬁﬁﬁﬁ&&t¢¥%kfi§§£h§¥I%%%WE%FIh%@@c@?rsﬂﬁffOEM%wed

w nding 223a to 223n is deposited on the insulating film 25 215 through,
for exanple, oFetEirgp|ardgeading informafiomswithi Hadividualcelemerposited
on the first filmof the coil, and a second filmw nding of the coi
48 " i5s depervided bd ahbledtingrtype sbiden, ftransigr imeans for

supporting said floating type slider and for making access
to the thin film magnetic disk, wherein at least one of an
upper magnetic core and a lower magnetic core said writing
magnetic core of said thin film magnetic head is made of a
10 metallic magnetic material having an averége crystal grain
size smaller than 500 A, resistivity at room temperature
larger than 40 uQecm and mégnetiC'coercive force in the

hard axis direction smaller than 10 Oe.

L4

15 10. A disk storage system comprising a magnetic disk
having a transfer rate larger than 15 mega-bytes per
second, areal density of recording data larger than 500
mega-bits per square inch and a diameter of a magnetic
disk smaller than 3.5 inches, wherein said magnetic disk

20 rotates faster thén 4000 rpm during recording and
reproducing, the recording fregquency being larger than 45
MHz, a dual element head for performing the recording and
the reproducing with individual elements, at least an
upper magnetic core of a thin film magnetic head for

25 performing the recording being made of a Ni-Fe alloy
having Ni of 38 to 60 wt% and Fe of 40 to 62 wt% and

having a film thickness of 1 to 5 um, an average crystal



deposi yed. ,Then, as described above, the magneti
deposited on the insulated coil except for the * ”Il# "lnﬂ"
region 218 which physically contacts the 5 mgneti

The top end 219 of the magnetic pole chip B&s a per- sel ect ed nearly
constant wdth W The wdth Wis equal . to or sli narr ower_ t han
the width of adreddksése smaller t@éﬁré@ﬁoﬂdlﬁﬁsﬁﬁﬂﬁy eoﬁhdﬂbﬁpb 68edi um
10 The sel ected width Wof the top end of the netic pol e
chip is obtai neé-gn andtpagnekic:eperpivef forge in thﬁagﬂétii 8xpdl e chip,
and the step to cut the top end of the magnetic pole chip is

per f or med bef odd neled iomesmad lex tha@e@@sp@.tW@qgmﬂynq;magnﬁtam@tﬂaﬁ t he
second magnetic film 15 214. By changing the process in _such a manner,

the top divcraef oifh & adsly recor dicsige nagne tdan head reiig Hargey \than 0. 5
hi gher accuracy than a conventional process. After depositing

t he magnet bc f idmpexbs4-tanmhshef or e depositing the shaping film 213, the
thin filmhead 20 assenbly is covered with a photo-resist mask 230.

Then a wi ndow 232 is forned on the photo-resist mask in either

of the sides of the top end region of the <ignetlc pol e ChHP of the
head. 11. A thin film magnetic head comprising a lower magnetic

film, an upper magnetic film formed on said lower magnetic
film, one end contacting to one end of said lower magnetic

10 film, the other end facing the other end of said lower
magnetic film through a magnetic gap, thereby the upper
magnetic film forming a magnetic ;ircuit having the
magnetic gap in the part together with the lower magnetic
fiim, a condhctive coil forming a coil having a given

15 number of winding turns passing betweeﬁ both of said
magnetic films, wherein at least one of said upper
magnetic film and said lower magnetic film is formed
through a plating method, being made of a Ni-Fe alloy
having Ni of 38 to 60 wt% and Fe of 40 to 62 wt%. and

20 having a film thickness of 1 to 5 um, an average crystal
grain size smaller than 500 A, and magnetic coercive

force in the hard axis direction smaller than 10 Oe.

12. A thin film magnetic head comprising a lower magnetic
25 film, an upper magnetic film formed on said lower magnetic
film, one end contacting to one end of said lower magnetic

film, the other end facing the other end of said lower



The msked. head is performed an ion mii|ing oI NN o che

carved in a desired width as shown in Fig. 5.

49 ' The ion mlling process affé3dts on a surface to be

wor ked the sane effect as normal condition, and accordingly a
structure not MagRetds il fhyeygh @ Magnehid aﬁnrog}é'tﬂ'@%Y the upper a
photo-resist mask. Therefore, the mlled naterial 5 produced fromthe
head is re-depagnetdorfiidm formdng @& mpgnetic gymauwit dfaving ek and onto
t he head structure having been mlled before. In this

reason, ion nimagnerics gapr fiar whe pantwdogethersmigds then lidwer imagnedtiep,
t he un-masked structure is 10 mlled up to the substrate 224 through the
magnetic fil mfilm, a4onductive wegiletficomjng fa lanid2haaring e gigmetic film
212. In order to conpletely renove the material, it is preferable
t hat the Birstmutbsgr icf peinfddngetumms [passing betwadrsthodtte A 4aisd slightly
m | ed. '

magnetic films, wherein at least one of said upper

magnetic film and said lower magnetic film is formed

through a'plating method, being made of a Ni-Fe alloy

having Ni of 38 to 60 wt% and Fe of 40 to 62 wt%. and

10 having a film thickness of 1 to 5 um.

13. A thin film magnetic head comprising a lower magnetic
film, an upper magnetic film formed on said lower magnetic
film, one ené contacting to one end of said lower magnetic

15 film, the other end facing the other end of said lower
magnetic film through a magnetic gap, thereby the upper
magnetic film forming a magnetic circuit having the
magnetic gap in the part together with the lower magnetic
film, a conductive coil forming a coil having a given

20 number of winding turns passing between both of said
magnetic films, wherein at least one of said upper
magnetic film and said lower magnetic film has an average
crystal grain size smaller than 500 A, resistivity at
room temperature larger than 40 pﬂbcﬁ, magnetic coercive

25 force in the hard axis direction smaller than 10 Oe,
magnetomotive force during recording larger than 0.5

ampere-turns.



15 : The second step of the ion mlling proce rmed to
renove all the re-deposited materials, and m“ﬁ !“ &f el e angle
inclining state in such a state as |ncI|n|ng ee to the

verti cal direction In a preferable 8 odlnent of an ion mlling 20

step, a pernal | qy gne eria tching rate of
about 550 A pehgniggt ; QHEEFPFChﬁBaeEBr per Fm&BSUWthﬁéﬂtaﬁérgeéﬂﬂeg
centi-neter. Then the. p a & ﬁ rempved, . a shapi ng_nagnetic
filmis deposit8 °matl°naw&t¥‘her§dé"9 RALr elATSAGRet MESREAR PE L8ABFet ed.

25 The photo-resist mask is ml|ed during |8n mlli % and the
t hi ckness of t RBEpR&t 87r BBPEL BAIPRLiReSATBcaBFed lower Pﬁﬁ RELCt RQRSt he

t hi ckness of the phqto-resi,st on the

50 magnePfc SpAe WA tAng-BRgRCTeFeRAFRyOSn SRAE ShiBe féim magnetic
magnetic film 214. The_thin f|In1nagnet|c head fabri cated
according o head dfeapr edestrrmiatedokhia silm pare sfracNirBenallny a 5

transducer magnetic gap in one end and a back gap region
having Ni of 38 to 60 wt% and Fe of 40 to 62 wt%.

15. A dual element head for performing writing and reading
information with individual elements, wherein at least

10 one of an upper magnetic core and a lower magnetic core
said writing magnetic core of said thin film magnetic
head is made of a metallic magnetic material having an
average crystal grain size smaller than 500 A,
resistivity ;t room temperature larger than 40 uQecm and

15 magnetic coercive force in the hard axis direction

smaller than 10 Oe.

16. A dual element head for performing writing and reading
information with individual elements, the magnetic disk

20 rotating at above 4000 rpm during recording and reproducing
information, the recording frequency being above 45 MHz,
wherein at least an upper magnetic core of the thin film
magnetic head for performing the recording being made of é
Ni-Fe alloy having Ni of 38 to 60 wt% and Fe of 40 to 62

25 wt% and having a film thickness of 1 to 5 um, an average
crystal grain size smaller than 500 A, resistivity of 40 to

60 uQ-cm and magnetic coercive force in the hard axis



I M thefother end, and the yoke structure having a ' ' i for
“energi zing a magnetic yoke attached bet ween t he 'mgﬂ"mggmﬁﬁ"t he
back .gap regi on of the yoke structure is formed wtlr two #mil ss fiade
.of a 10 magnetic material. A% sk storage system constructed
using the thin film, magneti c head fabricated in the present

enbodi nent wi |941gRFtion s T eRRn ThR @F s kIRERFHRA sHagratemetbl v nfpxee
-the present enpbodi nent, conprises,a nagnetic di sk having an

15
outer di anet erPbfSaMhriRGoRding magnehifhead kpipg barger than Qoiating
t he di sk, a positioning nechanismfor a magnetic head and a housi ng.
The magnetic HRBREYE-HHBHductive head, and the track width is 5.0
[err]. The upper and the |lower nmagnetic films of 20 the head are forned
with (N 44 wt%Fe)-2 wt%b alloy thin films having saturation

magneti ¢ fl ux nsity.qf 1.3 T esistivjt of 60 [err].cm
relgat ive per d’& | i% yf"‘ﬁéﬂ'ﬁaﬁdn methq%o@; a T'N-Kn %ﬁ‘&k‘?@%&eé}l%f’]‘%a‘krr] ,
and the gap length js, 0.4 [err]. .25 _, An equival ent effect may
be obt ai ned us‘?‘ﬁ’@?lﬂ%mg a lqwey M?ée%?eﬁ-%m'f%? PPREFeRAFREE1IHOF ELM t hat
s, a simlar N -Fe series alloy haying,saturation magneti c

formed on said lower magnetic film, one end contacting to

one end of said lower magnetic film, the other end facing
the other end of said lower magnetic film through a

10 magnetic gap, thereby the upper magnetic film forming a
magnetic circuit having the magnetic gap in the part
together with the lower magnetic £film, a conduc;ive coil
forming a coil having a given number of winding turns
passing betﬁéen both of said magnetic films, wherein at

iS least one of said lower and the upper hagnetic films is
formed by electroplating using a Ni-Fe electroplating
bath containing the metallic ion concentration of Ni™
ions of 15 to 20 g/l and Fe™ ions of 2.0 to 2.7 g/1, the
ratio of the Ni"™ ions and the Fe™ ions (Ni"'/Fe") being 7

20 to 8, containing a stress release égent and a surface

active agent, the pH being 2.5 to 3.5.

18. A fabrication method of a thin film magnetic head

according to claim 17, wherein said thin film magnetic head
25 comprises a magnetic core described in claim 1, the film

being formed using a plating bath added Co ions of 0.4 to

0.6 g/1 and each ions of Cr, Mo, Pd, In, B less than 0.1



ol £ flux density of 1.6 T, a Fe-Co-Ni/A [err]/ Fe- CD N| mul ti-
layer film a thin filmof N|-Fe thin f|In1conta|n|ng T ~ZrJerr],

[err], [err], [err] or SiJerr] having grain size of

In the case of mixing oxide in the magnetit9film the mm gp!&”g[tﬂﬂﬂ
preferably 0.5 to 5 nm This is because when ttheco si ze
is within the %bbve range, only resistivity can be i ncreased w't hout

degradi ng saturation magnetic flux density or the soft nmagnetic
characteristic 10 so nuch. By m xi ng such an oxi de described

cbove 0 e Fee o, sais AL OYoh LA, SOLELAYE Yy BRaES LEChERE ol
e 0000 S TSRO AL o oS oA B, e 4 r?{sﬁ?e g
L0, 2,1 8 BTG % ee o oL EE I Ga ORI BSHETEY |

permeabi ity ugbrmed by electroplating through a mask in a magnetic

5

field under condition of keeping the temperature of the
plating bath at 20 to 35 °C and current density of 5 to
30 mA/cm’.

10

20. A fabrication method of a thin film magnetic head
according to any one of claims 17 to 19, wherein the
magnetic core of the thin film magnetic head is formed by

electroplating through a mask in a magnetic field.



t0.500 pr less. However, it is necessary to set the 20 recordi ng
magnet onotive Torce of a head to a value |arger than 0.5 T.
A recor di ngrhfsishea His Bae: letli ¢ disk is fornmed of ‘

amount .of Cr i Nng a nmagnetic coerci \_f\g)se\EET
recording bi i 2100 Ce 25 and magnetic igércinEPERﬁ

orientation The h6tBict Br.[err] of—the—re

magnetic flux density and the filmthickness of the recordi ng nmedi um
is 300 gauss-[err]. - 52

By enpl oying the_gecordi medium it is possible to | mprove the

| i near recordin#&i sityfJcharacteristic and to substantially
decreasing the mnofse in a high |inear recordi ng density range.

When the medi um magnetic coercive 5 force is |over than 200 Ce, the bit
error rate i s decreased - se the apparatus disable.

The rotating speed of the sp#fdl e durt™g recordi ng and reproducing is
set to 4491 rpm and the#fLpoati ng anount ™o t he head at the outernopst
peri phery of the data

1 10
/.

o1t



10. region on the magnetic disk at that time is 0.05 [err]. The
| knear recording. density on each track is set so as to becones equal_d
fromthe |nner nDst perlphery to the out er nost periphery o

recordi ng re 1mmd recordlng frequency at th
periphery is In the dis
inthis enbod I|near2vﬁaord|ng density of

tracks is set kBPI (kiro Bit Per Inch), the track density is

set ' to 5 kTPI (klro Track Per Inch), and accordingly areal 20
density is 720 nega-bit per square inch. ~I'n the enbodi nent, four
magnetic disks are used, the format capacity of the systemis 2.8

gi ga-bytes, and t ransfer rate is 15 mega-bytes per second.

Al though in-this g; the 8/ 9 conversion is used 25 for data
recordi ng, a syst t he sane perfornmance as t hi s enbodi nent
may be constructed even when t he conventional 1-7 nethod is used for
data recording. P 3

. 53
= 423(22b)
2 [ /25 ¥ A 11(12)




Howevers in that case, the re% r%i ng frequency becones 45 Miz.

The speci ficati ok rage system constructed in R
enbodi ment i s sho 5 mAs BEEN
Speci fication of Appar at us - Menory Capaci T yrgpLACED

: Nunber of Disks 4 10 '

Sur f aces 8 Nun‘@m f Heads 8
Nunber of Tracks/Di sk Surface- 4427 Maxi mum Li near Recordi ng
Density 144 Track Density 5 kTPI

PI
Rot ati ng Speed fég é 4491 RPM 15 Recor di ng Frequency
67.5 MHz anster Rate (to/from Medi a) 15 MB/ sec
Enbodi ment 7 Descripti-on will be on theki ﬁzzbts obt ai ned 20
froma di sk storage3qp2) em %mi niddg a magnet i head /a ording to the
I

present inventB3dn w t\h Kg/c e—ehif
\ D )

o
~J

ol
T I\
P\

X

' )
Mg P 42
23 25 23 2
32
31, 36
1T 4___(-—-’—'
,,,,, { 0
) - —4
e L | AT ‘
{/ ’_ "_ 3
3 ;35| - (
£ . ., _ 23 42




havi ng diﬁﬁsﬁe AR epRied2. 5 i Nches, 1.8 inches and 1.3 i nches. 25
The magnet. magnetic disks used in this : enbodi nent are
t he sane aku" E 1ﬂE

to 5 kTPl. The

Enbodi nent 6, | i near recording density of
data on ea set to 144 kBPI, and track density-is—se
speed of the spindle is set so that t#he/Bransfer

MB/ sec for each of the disks. : Further, as ¢e et

Enbodi nent 6, a sgfIﬁE;havi g t he same performance as this enbodi nent
may be constructe . ev when the conventional 1-7 nethod is used for
dat a recordi ng. However, in that case, the recording frequency
becomes 45 MHz. Table 4 10

Specification of a 2.5 inch Type Ay Menory Capacity

1.8 GB

08AT
- oF 1
S
= -0} i
oc
z
s | _.o——-o———o“—_'__o ]
-60 . '

i5 %0 1%
FREQUENCY f (MHz)



Nunber &f Di sks L 4 Nunmber of Data Surfaces

8 Number of Heads _ 8 15 Nunber of
Tr acks/ Di sk ﬁurshacﬁasBeenRep‘acedZ 951 Maxi mum Li near Recordi ng Density
144 kBPI 5 KTPI
Rot at| ng Spee 6736 RPM di-n
67 ransfer Rate (to/frorg a)
TabI e 5 SpeC|f|cat|on of a 1. |nch Type Appd
Menory Capacity 1.4 B 25 - Nurkee K
4 Nunmber of Data Surfaces 8 Nunber of Heads
8- Nunber of Tracks/ D sk Surface 2213
55 Maxi mum Li near Recordi ng Density 144 kBPI
SPUTTERING
METHOD
3l
3 2r PLATING METHOD
_é o
T 1+
0!

00 200 300 400 500 600
CRYSTALLIZATION PARTICLE DIAMETER (&)

FIG. 11
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Track D&nsity —— T 5 KkTPI Rot ati ng Speed

8982 RPM Tmssmaemmeém aEédequency 67.5 Mz 5
Transfer Rate 15 MB/ sec
Table 6 m,' mmmm'ﬁ atlon of a 1.3 inch Type Apparatus 10 ————=r77""
Memory Capacity 0.9 GB NurbBT—g AS BEEN
4 Nurmber of Data Surfaces. 6/13 8 Nu%behepLAGEads
8 Nunber of Tracks/Di sk Surface 1475 '
- Li near Recording Density 144 kBPI 15 Track Density
5 kTPl Rotf/@ Spqeg - 13473 RPM
Recor di ng Frequen . 67.5 MHz Transfer Rate
(to/ from Medi a) _ 15 MB/ sec 20 Enbodi ment 8 Two

ki nds of inductive heads using magnetic /o

resistivity p, filmthickness d and
fabricated, and frequency

havi ng di fferent
perneability [err] are

150

110+

\
183




dependence of record ng nagnetlc field intensity for each 25 of the
heads i gt e edn el ectron beam t onogr aphy net hod.

The magnef m ial, the nmagnetic pole

56 eS|st|V|ty p and rel ative perneabi | ify=—p=th ==
| ow frequency band below 1 Mz for each of the prototype THI® 8HEET BAS8 BEEN
shown in Table 7. The head A/ddnprises a magnetilf pol RERMWAGED of
a N-Fe 5 alloy single filmhaving the conposition descrrbed Tn

Enbodi ment 1 and filmthickness of 3 [err]. The head B conprises a
magnetic pole formed by | am nating Fe-Co-N - M films of 2.2 pmfilm

t hi ckness through an [err] _internedi ate filmof 0.1 [err] film :
t hi ckness, as the sane asj nbo lsent 10 4. Thereby, the total

t hi ckness of the magmati filmof this head is 4.5 [err].

Here, in the nmulti-layer filmof Fe-Co-Ni- Mo/ Al[ err]/ Fe-Co- N - M,

when the thickness of the Iayer of the 8 Co-Ni-M film

exceeds 2.7 pm the 140
140~
1M
M2
m
83 : \\M\ 132
150
Al
A ~11
N %
M :>>120
—
——\.—\
2 ~161
CMF ' :
. 62 ~172
132—C
50 t—u |



15" at f‘"enuat_’i—c_i_r_\; of net kedebel d intensity at recording frequency
of 45 MHz beco S cause writ blurring or fluctuat!onin
an over-wite fil } - undesirable. In this e '_lgEELﬂ?ASBEEN

Ni-M filmis set to 2.2 [erf]] THIS

t hi ckness of the ED
The head C conprises a | ower magnetic filmof a - magnétic p FELQEEQ:__—__,
is a Co-Ta-Zr anorphous single layer 8713 filmhaving filmtnickness of 3
pmand resistivity of 90 = [err]-cm 25
57 - s ATable 7 Speci fication of Prototype
Thin Film IvagnElGHead76A Head Material of Magnetic Pole d
p ([err]-cm A N A4 3.0 16
1000 B FeCoN Mo multi-Iayer film 2 16 1000
= 15
B
141
1.3 L ! L 1
30 40 50 60
Ni (%)
— 1 1 1 !
0429 0.667 100 150
. Ni/Fe
. 60'|— |
g wf |
. Q. :
03 50 5060
Ni (%)
L 1 1 i 1
0429 0667 100 150
Ni/Fe
' - 3r
3 0
e
T .
0 L L 1 i
30 40 50 60
Ni (%)
L I [ 1 L
0429 0667 100 150

Ni/Fe



Not'e d: ‘thi ckmess of Tagnetic pole 10 p: resistivity
[err]: rel ati\fﬁm@&@{fﬁ@bk&ﬂk’émced Head efficiencies n ar

fromthe nmeasur ts of the normalized frequen
recordi ng Jf
magneti c pol e -

d intensity. For the head A |havi ngrg#ehCED
| ayer film the recording

field intensity begins to decrease n Qﬁﬁﬁ poi nt exceeding 10 MHz and
the intensity at 100 MHz is - att ted |l ower than 60 % of the
intensity in the low 20 frequency band. On the ot her hand,
al t hough the head Co-N -Mh fil s having the magnetic
perneability and res?g?F ity equivalent to those of the NiFe film
used in t he h he eddy current loss is substantially 25
decreased since the fllns are of a nmulti-layer structure t hrough the
Allerr] insulating film 1 ' In the case of this head, the
attenuation of magnetic ‘field intensity at 100 MHz is nearly 20 % and
t he frequency : i
h .
< 16F
m
15F
14 L l 1 ] j
0 1 2 3 4

Mo AMOUNT IN FILM (wt %)

FIG. 17B
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58 "

In this enbo

the foll ow ng rretho
havi ng an upper and a | ower magi@ef13 cores which are aleg is
through 10 - a mask in a plating bath containing Ni[err] of 16.7 g/l,

attenuation 8 Bmmnklakm intensity at 100 MHz is nearly 0 % and
t he frequency ﬁmc i's out st andi ng. 5 . Enbodi nent 9 :
|

Fe[err]

density of 15

characterlstlc is’inproved. In the case of the head C the

r and a | ower magnetic. filfys
There is fabricated an ind

~of 2.4 g/l, and a commpn stress-rel ease agent and a

The track width is 4.0 [err], and gap length

surface-active azent under_ a condition of pH of 3.0, pl ating current
1

is 0.4 [err].

(wei ght

magnetic flux density (B[err])
the hard axis direction (H[e-pr].y—is 0.5 ON
48.1 [err]-cm 20 2P is a perspe

el enent

jéblon of this magnetic filmis 42.4N -Fe

[C racteristics, saturation

magneti c coercive force in
and resistivity (p) is

Ve view showi ng a dual

e wite. The wite

%, and as to the magn

o

1.

. head and Fi gen 2‘86-3 a plan view of

15 L 1 1 1 )
0 1 2 3 A

Mo AMOUNT IN FILM (wt %)

FIG. 18B
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core 321

head coﬁﬁf?Sé§“an“Uppeanngnetic core 320, a | ower magnetic

al so ser v&his Simerdf)s JOPGr shield film a coil 325. The r
conpri ses ' fde el ement- 323, an 25 el ectLode-3
conducti ng mylto the magnet oresi stive ¢
| ower shi el The writ read heads arige
sl'i der 326. 1748 TR
i nductive head is nounted on the disk storage system shown in
Enbodi ment 1 to eval uate the recording per formance. The nedi um used
has an outer dianeter of 3.5 i nches and magnetic coercive force of
2500 Ce. 5 - The - performance (overwite characteristic) of the
recordi ng head according to the present i Gvention eval uat ed under
such a construction shows an outstandingﬁi characteristic which is
approximately -50 dB at a high - freag#tency band above 40 MHz. 10
Enbodi nent 10 A di sk storage égstenlof this enbodi nent enpl oys a
. L2
N =
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.
dual el enent head, shown

recordi ng and a magnet oresi stive

magnetic fil.mof the
fornmed
shield fil m Shiscthep
mul ti-1ayer fi

all oy film having
el ement

60 | nst ead of

as descri bed—abeove.
Has Been

2is RS rving as a recording nmagnetic

-' TR o RESse0- Ni / ApoMB] / Fe- Co-Ni havi n (RHPEACERe
t hi ckness of !Mﬁﬁ# filmof 2.2 [err] is used. The thickness of the
Al [err] internedi set to 0.1 [err], and the track wi dt h of

the recording pole is set to 3 [err].
thickness of 1 [err] is used 25
t hi ckness of 15 nmis used for the magnetoresistive
86 which is driven utilizing a soft film bias nethod.

in Fig. 22, which uses an I nductive head for
15 el ement for reproduci ng. The upper
recordi ng magnetic pole of the inductive head is

And for the otffrer—of —the—opper—]]
hJHES SHEET HAS BEEN

Si r

A N -Fe alloy film having

for-the lower shield film82. A N -Fe

t he magnetoresistive elenent 86 using the

Ni-Fe alloy film it iifﬁ? possible to use a spin valve

210

FIG. 21
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type el éent conposed of HnNi-Fe film a Cufilm a Co filmand an
anti - f er r omagnetticshbd HE Mbn RipRgseri es, Fe-Mh 5 series or O-M series;. .-

an all oy type gl etore5| stive el ement of Co-
Ni Fe- Ag, - mu thellke or a multi-Iayer
, Fe/Cr, Co/Cu or N Fe/

magnet or ESI St [ ve

10 The di sk storage system conBt/r‘cht ed according ta -
enbodi rent can attain the sane specification as shown in Tabl e 2.
C ai ns: 1. A disk storage systemconprising a thin filmnmagnetic
di sk for recording information, rotating neans.for said 5 thin film
magnetic disk, a thin fil mnmagnetic head for - performng witing and
readi ng i nformati-on_provided in a floating type slider, transfer
nmeans for supporti FJEI dZZ floating type slider and for naking access
to the thin . - '
320 325
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. blsm-paagnetic di sk, wherein at | east one of an upper .@?gm@ﬁ'g, Q& SEEN |
and a | ower magnetic core said witing magneti c cor gi

filmmagnetic head is made of a metal lic nmagnetic.

‘average crys S|ze smaller_th e ty a r oom
t enper at ur e Iargermﬁﬁaﬁ'o%ei ?1%%%"-@@ Wﬁ'%&g?—?@ f@%%ﬁ force in
the hard axis direction smaf¥&FAR H . A disk storage
system conprlAﬁ F&a thin filmnmagnetic . di sk for recordi ng

i nformation |ng means for said thin filmmagnetic disk, a thin
filmmagneti c headAfmagné€dic ﬁelmohavmggwhmghngaandateadlmggnatmcniluan
provided in a floating type slider, transfer nmeans for supporting
said f | densnyyt Ypegeri thanahdSf Br amdkregistiedisyt darrert bkhan 40
filmmagnetic disk, wherein at |east one of an upper magnetic core

and a | over npQrm iis cBaberinfatssd cthrddgingan 26l ectrgplbd t ing arieetlidd a8 £hg hi n
filmmagnetic head is an electroplated thin filmnmade of a N -Fe
al l oy having jN40-60)NioFe38ntob9OadiiingndoleMof, ¢f2,tB,62nWM ¥ or the
like to the (40-60)Ni-Fe. Thereby, it is possible to
obtain a recording head capable of performing sufficient
recording at a high frequency range and to obtain a disk
10 storage system with high recording density which has a
transfer rate higher than 15 MB/s, a recording frequency

higher than 45 MHz and a rotating speed of a magnetic

disk higher than 4000 rpm.

&,

' T‘l "Sheet Has Been Replaced

i I




S

6 3. A disk storage system conprising a magnetic disk havi ng
aftransfer rate |larger than 15 nega-bytes per second, areal density
data | arger than 500 nega-bits -per - © square inch and a dianeter of a
-magnetic disk smaller 5 than 3.5 inches, wherein said [FEgRerretr s
rot at es faster than 4000 rpm(hu¢f$érecording and r dpREBUSCRYENT SHEET
the recording frequency being |arger tHat 45 MHz, at | east %B ydbet396
magnetic core of a thin fil mmgnetic head - for perfqf PRI®g.£-RE - eorrseensennne
recordi ng being nade of a Ni-Fe alloy 10 having Ni of 38 to )

Fe of 40 to 62'm727 d having a filmthickness of 1 to 5 [err], an
aver age crystal lEi gré7n size smaller than 500 A, resistivity of 40 to

60 [err]-cm and nagnetic coercive force in the hard axis
direction smaller than 10 Ce, recordi ng nagnetonotive force 15 of said
recordi ng magnetic head being L han 0.5 - anpere-turns.

4. A disk storage systen1,</frising a ™y n filmnmagnetic di sk for
recording information, &y nmeans for 38| thin filmmgnetic
disk, a thin film nmag [ 5 orQg Witing and readi ng




.
floating type slider, transfer neans for supporting said floating
type slider and for naking access to the thin filmmagnetic disk,
Wherein said nagnetic disk rotates 25 faster than 4000 ren1dur|no
recordi ng and reproduci ng, " the recording frequenfY.0el i
45 MHz, at | east an upper magn yag core of a thi HgNe

63 for perform ng the recordi ng i ng nade of a || the L] gyL 1996
having Ni of 38 to 60 w % and Fe of 40 to 62 wt % and || e haeing-attil
thickness of 1 to 5 [err], an average crystal grain size snaller f han
500 A resistivity of 40 to 60 5 [err]-cmand magnetic coercive force in
the hard axis direction smaller than 10 Ce, recordi ng nagnetonotive
force of said rec =0 netic head being | arger than 0.5
anpere-turns. .. A di sk storage system conprising a magnetic disk
having a transfer rate |larger than 15 nega-bytes per second, areal
density of recording data Iargerlghan 500

3
2 226
2§ B 3 M 1,12
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mega-bits per square inch and a dianeter of a magnetic di sk smal | er
than 3.5 inches, wherein said magnetic disk 15 rotates faster than 4000
rpm during recordi ng and reproduci ng, the recording frequency being
| arger than 45 MHz, at | east an upper magnetic Gﬁ?ELA) AR =]
magneti c head for perform ng the recordi ng being madg: of = EMENT QpEEE |
alloy, said thin filmhaving a fil mtBidBness of 20

average crystal grain size smaller than 500 A, _ v
60 [err]-cm and PC CQ@ercive force in the hard axi s arrects
smal l er than 10 ?ﬁ? Scordi ng magnetonotive force of said recording
magneti c head being larger than 0.5 anpere-turns. 25 6. A
di sk storage syste oLpri si a netic disk hay transfer rate
| arger than 15 39 r’rgg 37 Y.2H?42‘b 64
second, areal oCOr dT MY _dat a T arge 3 56 ega- bits per
square inch and _a_dia \ I.?HE'» Jetic di sk smaller than3.5
i nches, wher ei n SaNFFEFHE oSty \ \ -
bl 6 42
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rotates faster than 4000 rpm during recordi ng and 5 reproduci ng, the

recordi ng frequency being | arger than 45 MHz, at |east an upper
magnetic core of a thin film magneti c head for perform ng the i
recordi ng bei ng nmade of a Ni-Fe alloy having N

Fe of 40 to 62 wt% and having a film thickness of RERIAGEMENT SHEEY
7. A disk storage system according tér/éﬁ/ one of claifs 2, 3’19§ﬁa
6, wherein said nmagnetic core contains a subst an eDMenﬂb3@3ﬂ0$ i

l east one kind onefg IEBS than 15 wt % and Mo, , B, €SS
than 3 % in the . tok&l weight. 8. A disk storage system
conprising a thin filmnmagnetic di sk for recording information,
rotating neans for said thin fiigp magnetic di sk, a dual elenment head
for performng 20 witing and red&di ng ™f{ormation wth individual

el enent s provided in a floatf/ ng type slTte transfer neans for

to the
upper magnetic
magnetic core of said
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A

el ectroplated thin filmnmade of a Ni-Fe alloy having N of 38 to 60
wt % and Fe of 40 to 62 wt % 9. A disk storage system
conprising a thin filmnmagnetic di sk for recording information,
rotating neans for said thin fil mnmagnetic disk, a dual elenent head
for performng writing and reading |nfornat|on\MtiLlndIVIdual .
el enent s 5 provided in a floating slider, tran

supporting said floating type slider a%d ?o naklng acc e H9§M§ET
thin filmmgnetic disk, wherein at |east one of an waper t
core and a | ower magnetic core said witing magnet: E:@ corquat%‘ijgga'
thin filmmagnetic head is made of a 10 nmetal lic nagnétic materi al
havi ng an average crystal grain size smaller than 500 A resistivity
at room tenperature | arger than 40 [err]-cm and magnetic coercive
force in the hard axis direction smaller than 10 Ce. 15 10. A
di sk storage system conprising a nagnetlc di sk having a transfer rate
| arger than 15 nega- bytes per

FIG. 10

SPUTTERING
METHOD

o 2 PLATING METHOD

00 200 300 400 500 600
CRYSTALLIZATION PARTICLE DIAMETER, A

FIG. 11

89 87 83

90 \ A . /

/ S0 ‘::,Az‘,,,l ,,,,,47,‘(,,,4@;\9

\\\\\\\\\\\\\\\\\\\\\\\\\
84

81



-

second, areal density of recording data |arger than 500 mega- bits per

square inch and a dianeter of a magnetic disk smaller than 3.5
i‘nches, wherein said magnetic disk 20 rotates faster than 4000 rpm
during recordi ng and reproduci ng, the recordin ' |

| arger than 45 MHz, a dual el enent head for pelif REPLACENMBRT SEESBT d|| ng
and the reproducing with indi veddadl el ements, per

| easf _an u
magnetic core of a thin filmmagnetic head for 25 pe&%ox@ﬁndUthﬂﬁm i
recordi ng being nade of a N -Fe alloy havi ng Ni'-of 38-t-0--60-wt%and
Fe of 40 to 62 wt ZZ?having a filmthickness of 1 to 5 [err], an
aver age crystal . 66 grain size
smal l er than 500 A, resistivity of 40 to 60 [err]-cm and nagnetic
coercive force in the hard axis ' mal | er than 10 Ce,
recordi ng nmagnet onoti ve
| arger than 0.5 5 anpere-turns
conprising a | ower magnetic

- —— —— e

110

Y

/’
u3 4 183



film an upper magnetic filmformed on said | ower nagnetic film one
. end contacting to one end of said | ower magnetic 10 film the other end

facing the other end of said |ower magnetic filmthrough a nagnetic

gap, thereby the upper ' magnetic filmformng a nagnetic circuit

havi ng .t he magnetic gap in the part together w C iC
EBLACEMENE SHEET |

film a conductive coil formng a coil7h33ing a give

wi ndi ng turns passing between both of said magme |c f at
| east one of said upper magnetic filmand sai dfll gggﬂgpwgﬁb mis
f or med t hrough a plating nethod, being nade of a | FE altoy~ s
having Ni of 38 to 60 wt% and Fe of 40 to 62 wt% and 20 having a film
thickness of 1 to 5 [err] ave?&& crystal grain size snaller than
500 A, and magnhetic coer orce in the hard axis direction smaller
than 10 Ce. 12. Athin filmmgnetic head conprising a | ower

magnetic 25 film an uppetgagnetic fllnlforned(ﬂﬁkajd | ower magnetic
film one end contactiga"j'!'é end of sald | oner nma 140 film the
ot her end facing the @hgr end of e
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67 magnetic filmthrough a nagnetic gap, thereby the upper

magnetic filmform ng a magnetic circuit having the magnetic gap in
the part together with the | ower magnetic film a conductive coi
formng a coil having a given 5 nunber of w nding t assing betmeen

both of said magnetic filnms, wherein at |east on

magnetic filmand said | ower magneticgA9Imis forned i
pl ati ng net hod, being nade of a Ni - Fe al |l oy havi %
and Fe of 40 t apd having a filmthickn

13. Athin fil net|2§££td conprising a | ower magnetic

upper magnetic"f for gid | ower nagnetic film one end
contacting to one end of said Io r magnetic 15 film the other end
facing the other end of said | Qwer magn t hrough a nagnetic
gap, thereby the upper ma§fretic filmf etic circuit

havi ng t he magnetic gap injthe part tgfgether with t ower magnetic

film a conductive coil fory ngga coil havi er of

wi ndi ng turns passing betmegﬁlboih of said
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magnetic filnms, wherein at |east one of said upper magnetic film and
said lower magnetic filmhas an average crystal grain size smaller
~than 500 A, resistivity at roon1tenperature | arger than 40 [err]-cm
magnetic coercive 25 force in the hard axis direction smaller than 10
Ce, magnet onotive force during recording larger than 0.5

anper e-turns. 14. A dual_ el enent head fofperser=ns

and readi ng information with i n@A3dual el ement s|f RER

~one of an upper magnetic core and a | ower nagnetic corie

witing magnetic Cz&z f sald thin filmmgnetic

el ectroplated thin a Ni-Fe alloy =6
wt % and Fe of 40 t mﬂ@b 15. A dual elenent head for perfornm ng

writing and reading mforrration wi t h individual elenents, wherein at

| east 10 one of an uppek8magnetic core and a | ower magnetic core

said witing magnetic core df said thin fil mmagnetic
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head is made of a netallic magnetic materi al

crystal grain size smaller than 500

tenperature larger than 40 [err]-cmand 15

A1

havi ng an aver age
resistivity at room
magneti c_coercive force in

the hard axis direction smal | ér than 10 Ce.
el ement head for performng witing and reading gg:ﬁrr%%g \%Hﬁﬂ
i ndi vi dual el enments, the nagnetic dis#)/233 rotating a bové @odd. g6

during recording and reproduci ng
bei ng above 45 MHz, wherei n at
thin film

Ni - Fe all oy ham
having a fil m tfhi ness7z;
size smaller than 500 A, reS|sti

magneti c coercive force in the hs
69 direction snaller thari'h

i nformation, t a.recordlng ‘freque
east an upper magnetic core of "the

wt % and
crystal grain
60 [err]-cm and

an aver age
f 40 to

ng magnet onotive force
0.5
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E J

anpere-turns. 5 17. A fabrication nethod of a thin filmmagnetic
head conmprising a |ower nmagnetic film an upper magnetic film
formed on said | ower magnetic film one end contacting to one e
said | ower magnetic film the other end facing ' o e
| ower magnetic filmthrough a 10 q i c gap, ther ﬁgkﬂgéﬁﬁggggm
magnetic filmformng a magnet i J1i1Bcui t havi ng t ED Eagﬂegl ______ éggﬁn
t he part together with the | ower nagnetic film SAiict v |
formng a coil having a given nunber of w nding turns paSS|ng betmeen
both of said magnetic filns, wherein at 15 | east one of said | ower and
the upper magnetic filns is formed by electroplating using a N -Fe

el ectropl ating bath containing the rgtallic ion concentration of
Ni[err] ions of 15 to 20 g/l and Fej@rr] ions of 2.0 to. 2.7 g/l, the
ratio of the N ions and the Fe[err],ioné?(Ni[err]/Fe[err]) being 7 20

to 8, containing a stress rel ease agent aMd,a surface active agent,
the pH being 2.5 to 3.5. 18. Afa Jcatlon met hod of a thin film
magneti c head according to clain117prmhere|n said thin filmmgnetic
head :
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(@ 43Ni -55Fe -2Mo, 60pfcm
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25 conprises a magnetic core described in claim1l, the film bei ng
formed using a plating bath added Co ions of 0.4 to 0.6 g/l and each
ions of Cr, M, Pd, In, Bless than 0.1 al/l.

70 19. A fabrication method of a thin film magpetie=head for

recording according to any one of clains 17 and 18, WhBEPLACERENT!EET ik

magnetic core of the thin fil mmagnetid/13ad is f or med, hy

el ectroplating through a nask in a magnetic - fi IEatHr:ldﬁQ...Q.dH.;%” {996 )| of
keepi ng the tenperature of the pl ati ng bat h at =2o~+o=8&5=Fertr [
current density of 5 to _ 30 MM cnjerr]. 10 20. A fabrication
nmet hod of a thin filmmagnetic head according to any one of clains 17
to 19, wherein the magnetic core of the thin fil mnmagnetic head is
formed by el ectroplating through a nmask in a magnetic field.
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DISK STORAGE SYSTEM, THIN FILM MAGNETIC HEAD THEREFOR -
AND FABRICATING METHOD THEREOF

Abstract:
A magnetic film having high saturation magnetic flux

density larger than 1.5 T and resistivity larger than 40
uQ.cm is fabricated through an electroplating method using
(40-60)Ni-Fe and by adding Co, Mo, Cr, B, In, Pd or the
like to the (40-60)Ni-Fe. Thereby, it is possible to
obtain a recording head capable of performing sufficient
recordiné at a high frequenqy'range and to obtain a disk
storage system with high recording density which has a
transfer rate higher than 15 MB/s, a recording frequency
higher than 45 MHz and a rotating speed of a magnetic

disk higher than 4000 rpm.
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Fig. 16A, 16B and 16C




