; e3ewQ LLMOINXTOP62QTQR F1 - 1 THI N- FI LM MAGNETI C HEAD BACKGROUND @%LMﬂ%m3
| NVENTI ON The present invention relates to a novel 5 10 15 20 i nductive
thin-filmnmagnetic head for a dual-elenment thin-filmmagnetic head unit

i ncluding an inductive thin-filmnmagnetic recording head and a
magnet or esi stive reading head. Wth _the recording density of a magnetic

di sk apparatus ever on the increase, nmagnetic coercive force of the
magneti c recording mediumis increased while the track width of the

i nductive thin filmmagnetic head used for recording is decreasing. Al so,

t he downsi zi ng of the magnet di as reduced the reproduction
out put of the inductive thinbﬁwlhﬁﬁﬁg%e |géhea . For this reason, an

i nductive thin-filmnagnetic head is used as a recordi ng head, and a
magnet oresi stive head is used for converting the | eakage magnetic field
fromthe negitkor@SNE oESTREankeeNtemge. The magnet oresi stive head includes
a sensor constituted of a nmagnetoresistive elenent, a giant
magnet or esi stive el enkeatpraséet romeemetor telaeds j tncd i movel enent, etc.
and one of the magnetic shields for inproving the spatial resolution is
shared wi thndmetbyet beimafhbni vagoe e dieadef dnduciva-eheémert| m magnetic
head. The current trend of the shape of the nmagnetic 0 5 JUN 2003 - 2
core al ongthie-&iimpeagnagicuneat cinit an¢ hediEnq van t Vet magneti ¢ head
is such that the width of the u er_naq;etic qgre determ nes the track

wi dth fand ERENRFELR BRIRREIF ofRr P FAPRL 122 07 RY SR AL LPERS A8 tLHR 5 upper
shield filmof.the regroductive head is several tens of tines larger than
the track WathP9vPeAdt he decrease in track width, however, the magnetic

field expandi ng out ?%%ﬁh?h&r?%g%gﬁga%pgénpfﬁgﬂggpgqﬁ¥§§%?¥é.digkorder to

solve this problem strug an ctive Il mmagnetic

head wi th égﬁaygesg Over I 2083; pordi on, %a%ﬁ@tl@"‘@éef@ﬂ@@tESrEQre of the
i nductive thin-filmnagnetic head 1s shaped 1o the sane width as the upper

nmagnetic ceeethé fleghétbedréBokliSng RRé@imNDs DhSBIdded AvBOLlet BReSt rUCt UT E
of the inductive thin-film 15 magnetic head having a trench including a
pol e 10 p | ayeckwwidthhefwtHéehindecebde dehimi Hlmheadnatkcwhdad i s descri bed
in JP-A-7-296328 | aid open Novenber 10, 1995 and corresponding to the U. S.
Pat ent Apphusedt fon Kecorddnaggisfieeresdping. 19A13994the downsizing

of the magnetic disk apparatus has reduced the
reproduction output of the inductive thin-film magnetic
head. For this reason, an inductive thin-film magnetic

15 head is used as a reccrding head, and a magnetoresistive
head is used for converting the leakage magnetic field
from the medium as a resistance change. The magneto-
resistive head includes a sensor constituted of a
magnetoresistive element, a giant magnetoresistive

20 element, a ferromagnetic tunnel junction element, etc.,
and one of the magnetic shields for improving the
spatial resolution is shared with one of the magnetic
cores of the inductive thin-film magnetic head.

The current trend of the shape of the magnetic
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20 Theinductive thin-fil mmagnetic head described in U S. Patent Nd.JUN 2003
5438747 (JP-A-7-262519) and JP- A-7-296328 has a protrusion structure having
substantially the same width as the track in the nei ghborhood of the
air-bearing surface in the upper portion of the 25 | ower nmagnetic core.
This protrusion structure facilitates 2he machining of the track to a width
in the order of subm crons, and the magnetic fields are concentrated in the
protrusi oncekreuallong. the aid-bEMBRYsCEfdtE dNVENTIBudEhévprior art

descri bed above nay devel op a magnetic domain wall in the corners of the
magnet i ¢ mahéni-&k lml maghetdiasbeateie thehl bhet hbhgneidthcofetbé 5 the

i nductive thin-filmmagnetic head doubl es as the upper nagnetic shield of

t he reproduppevemhgagtichepgtordeteamineai hheatraakywbdthrand the portion of
t he upper magnetic shield extending fromthe end of protrusion structure to
t he nei ghbWiA&bdosf thRe 1S¥REOMagDE éFtF@ﬁeo$e¥ﬁénge§E§§ué§iPbehead Thi s
domain_wall is noved_hy the | eakage nagnetic field fromthe nmediumor the
changedin PHEeéxFEFﬁéﬁ ﬁ&&ﬁe??ctPFeFﬁPr?ﬂEFEbVepBEPﬂglﬁhéeﬁ?SBPen1of out put

h A di t d
. dug) el CHERE Ay FYPRPARGREL .‘t@aneéﬁemﬁ%%gﬁ 2Rt UCROLPI A& of t he repr o
duct t t d t j tg. t of
the i nvent FBHroBREr 37, E-arBvh RNty Pafhey s ene fRoRLPRe £58E8, C°Noo 20

CoMPr 51 N0edchAUEhgTBARCHIEC cHer ‘Erfaefc”@ﬂdgnhés SYBELRA! Eondfs LABRE  MgNet i ¢

core arrange I'n"opposed el ati | ower nmagnetic core wt

magnetic gap filmtheprebehweero 8019k! thﬂkef)PQE@meei'.WéeBti:h@th?é’er
magnetic core and the upper magnetic core, and a 25 dielectric | ayer for

i nsul a9 ngofhan! enabctagectthincdiem hAgnepREr heB@NRith €heeuppdrt he coil
from each other, wherein the forward ends of the | ower magnetic core and O
5 JUN ?003portion of the lower magnetic core of the inductive
thin-film magnetic head is shaped to the same width as
the upper magnetic core is described in U.S. Patent No.
5438747. Also, the structure of the inductive thin-film
15 magnetic head having a trench including a pole tip layer
with the width thereof defining the track width is
described in JP-A-7-296328 laid open November 10, 1995
and corresponding to the U.S. Patent Application No.
229,484 filed April 19, 1994.
20 The inductive thin-film magnetic head
described in U.S. Patent No. 5438747 (JP-A-7-262519) and
JP-A-7-296328 has a protrusion structure having substan-
tially the same width as the track in the neighborhood
of the air-bearing surface in the upper portion of the
25 lower magnetic core. This protrusion structure
facilitates the machining of the track to a width in

the order of submicrons, and the magnetic fields are

concentrated in the protrusion structure.



t he upper magnetic core have the sane width as the 0 5 JUN 2003 - 45 JUN 2003
track, and the rear ends of the | ower nagnetic core and the upper nmagnetic
core have a width larger than the width of the forward ends thereof.
According to another aspect of the invention, 5 there is provided an

i nductive thin-filmmagnetic head, whegeLn the | ower nmagnetic core
preferably is formed of at | east two nagnetic |layers with a non-nagnetic

| ayer t her glgestagan candrdshe Nvanarok end of each of the magnetic layers in
contact with a magnetic gap has the sane width 10 as track. According to an

enbodi ment of the i ner ipyiorakithdesidnidedhiabolviel Mafageetilephaad conpri ses
a |l ower magnetic core fornmed on a substrate, an upper magnetic core having
its forwar chagme tilee demfa icowal1dd itro thize doaner s1 6 frayeemagneade t hr ough a
magnetic gap filmand its rear end thereof coupled to the | ower nagnetic
core, the fetgaridlend Ireithg wsid athene wihét i owiean melgpetdéar come tlier eof , t he
w dth being made progressively smaller fromthe rear end toward the forward
end t her eofthea ig@iuctayeqthdmged 1o magneddisd herd dopdd esagfeth€ core and the
| ower magnetic core, and a_dielectric Ialyer fornmed between the coil, the

upper nmagn&PPETcHRENEd G IFd Yed e P It Fetie®TOINE L 1XRe PERR 1a pr ot r usi on
structure Eﬁg ng the sa deth6$§_the track i.s fgrned at | east on the 25
portion of HREFGEE FagtBEE ¥ére MYt REWE gRb &P RoBGTSfCPhE ai r - beari ng
surface an nQn-magneti ¢ .l ayer. i.s, for. .at_ | t.in the nei ghborhood of
t he ai r-begrhl%nglj1 PeL gns?ﬁt acsg;1 ee%mgé{r?%?%é%lgofgr%%nﬁéﬁe f‘? (c:’gre and the

pr ot 1 usi on psiieluice: Rnefarall o the Liigkesnoah bhe AansEngpetic | ayer
etween the I ower magnetic core and the protrusion
10 portion of the reproductive head. This domain wall is
moved by the leakage magnetic field from the medium or
the change in the external magnetic field, thereby
posing the problem of output changes.
Accordingly, the object of the present
15 invention is to provide a dual-element thin-film
magnetic head with small fluctuations of the xepro-
duction output and small reproduction noises.
According to one aspect of the invention,
there is provided an inductive thin-film magnetic head
20 comprising a lower magnetic core formed on a substrate,
an upper magnetic core arranged in opposed relation to
the lower magnetic core with a magnetic gap film
therebetween, a coil interposed between the lower
magnetic core and the upper magnetic core, and a
25 dielectric layer for insulating the lower magnetic core,
the upper magnetic core and the coil from each other,

wherein the forward ends of the lower magnetic core and

the upper magnetic core have the same width as the



5 strucgture is smaller than the thickness of the magnetic gap fil mg%ogN 100k
saturation magnetic flux density of the protrusion structure is not |ess
than 1.3 T. According to another enbodi nent of the invention, the
non-magnetic filmis held between the 10 | ower nagnetic core and the
protrusion structure forned on the | owgr_nmagnetic core of an inductive
thin-fil mmagnetic head. In this way, the magnetic coupling between the

| ower ”HgnﬁibékGOEQda%ﬂet&%a&r@hﬁﬁsbgntﬁbrQ%h@&embénéﬁﬁéceérbnaﬁﬁder t hat
no domain wall is 15 forned in the nei ghborhood of "the sensor of the

reproducti ¥gehepderThagaetndt colrechudel anwiardl nakrges @hahheneeproductive
head whi ch ot herwi se m ght be caused by the generation, extinction and

rel ocati onwgfithhefdamei fowwhlrdc @ndlse thedeodd. 20 The non-magnetic film
between the lower p 5 .1 UN ~n~3 magnetic core and the protrusion structure
of the inductive thi Actioahimggnet enohbad slspekt bé shéf ioventlipnihin to
reduce the magnetic coupling between themto such an extent as not to form
any dopmi nthekk is previSedepghboductdvef thhe-$éAmomaghethe hepdeductive
head of the |ower magnetic core. In the case where_the nonmagnetic filmis
t hi cker thHheFﬁéngébefﬁPHFrtWégﬁSﬁlﬁagﬁéﬁl@rﬁﬁ?ﬁﬁhéﬂlésfﬁﬁ§ﬁ?6noﬁlso as a
gap, wth a O5 ,1IUN ~nn~ - result that the recording nmagnetic field
woul d be nﬁﬂelﬁﬁéértWPtWaHP§tﬂﬁtéﬁ§PF§ Wéithg2nBaB-RBEPEEHENdRREFY snal |l er.

g A A ?ﬁﬁﬁdnﬁaﬁeﬁceﬁEEdOECEB%XI%ﬁé%%VlEL the
embod ment  gb e B BSGRL AT SNyaF 08 2Ra2Rear Endl 2GRATRIERW no the

manner [FTower magneti c Co uctlve ilm

nagneibc hﬁédtké pagnetized. Figs. 3a, 3b are diagrams show ng the shape of
the air-bearing surface of the inductive thin-film

According to an embodiment of the invention,
an inductive thin-film magnetic head comprises a lower
magnetic core formed on a substrate, an upper magnetic
core having its forward end thereof coupled to the lower

15 magnetic core through a magnetic gap film and its rear
end thereof coupled to the lower magnetic core, the
forward end being smaller in width than the rear end
thereof, the width being made progressively smaller from
the rear end toward the forward end thereof, a coil

20 arranged to surround the upper magnetic core and the
lower magnetic core, and a dielectric layer formed
between the coil, the upper magnetic core and the lower
magnetic core, wherein a protrusion structure having the
same width as the track is formed at least on the

25 portion of the lower magnetic core in the neighborhood
of the air-bearing surface and a non-magnetic layer is

formed at least in the neighborhood of the air-bearing



magneti.c head according to an enbodi ment of the invention. 15 Figs{ %N Wy
are di agrans showi ng the in-plane conponent of the magnetic field strength
of the inductive thin-filmnagnetic head according to an enbodi ment of the
invention. Fig. 5 is a perspective view of the forward 20 end of the

i nductive thin-filmnmagnetic head aceosdi-ng to an enbodi nent of the
invention. Fig. 6 is a schematic diagram showi ng a hard di sk devi ce
accordi ng tsardmcerihetivesr tife tlwvdmvuerdrietic daye ands thesectional view of
an inductive 25 magnetic recording head according to an enbodi ment of the

i nvention. pro@rmsildd Z0icthing. 8 is a perspective view showing a part of a
magneti ¢ head conprising an inductive magnetic recordi ng head and a

magnet or esi sti ve repRrAfataldheddhd midgrknass Wit kheasieonomagneddcording to
an enbodi nent of 5 the invention. Fig. 9 is a general view of a magnetic

di sk devi cda¥edorfitgaro e e FAANSYTLq KO TN Rast itHS. PORPSERSPPRON OF THE
PREFERRED EMBODI MENTS ( Enbodi nent 1) 10 Fig. .1 is a perspective view of the
porti oR of StHMSIHRF S SRS | thathddifetitd esssi Rt AdenBRGRESERood of the

air-bearing _surf,ace accordi ng to an .enbodi nent, of. .t he present invention. A
on- nagnet SEB iy, B (i P A HETE SRR o LG BDES WoPS and a 15
magneti c 9g film,3 are forned.in that order an 3 | ower. &ayer 11 of the

| ower magne iecp(%‘(?rter.usfhoéln,Sta{:uccgﬂreaﬁ‘(f I %8S HPEH ﬁ?gr t'o surround the

| ower magnetic core ;acrbg: . I :[%ggg_et' G I rmed. After that,
t he upper nmagnetic cc]‘;\re c%J'rs}legf c%&l ast ég?joé‘i@%?nt?thg’fetkg

invention, the non-magnetic film is held between the

10 lower magnetic core and the protrusion structure formed
on the lower magnetic core of an inductive thin-film
magnetic head. 1In this way, the magnetic coupling
between the lower magnetic core and the protrusion
structure is reduced in order that no domain wall is

15 formed in the neighborhood of the sensor of the
reproductive head. The output fluctuations and noises
of the reproductive head which otherwise might be caused
by the generation, extinction and relocation of the
domain wall can be reduced.

20 The non-magnetic film between the lower
magnetic core and the protrusion structure of the
inductive thin-film magnetic head should be sufficiently
thin to reduce the magnetic coupling between them to
such an extent as not to form any domain wall in the

25 neighborhood of the sensor of the reproductive head of
the lower magnetic core. In the case where the non-
magnetic film is thicker than the gap film, the non-

magnetic film would function also as a gap, with a



20 forward end of the upper layer 12 of the | ower magnetic core is ffolliedn
to the desired shape by ion mlling or the |Iike using an appropriate mask
and the upper nagnetic core 2. A magnetic core of simlar shape can be
obt ai ned al so by form ng the forward ends of the 25 upper magnetic core 2
and the upper layer 12 of the |ower nmegnetic core simultaneously by the
focused i on beam process. 105 JUN7~~3 8 As shown in Fig. 1, the

forward engeseittbratovRe FegoetiagcREgnanict beel@pRbulagbet hadsore both
have the same width as the track, whereas the rear ends of the | ower
magnet i c Cﬁi&eﬂnditheiﬁapﬁhtéﬁgmeyibeﬁﬂgEmédéaueraebpbgdinglﬁth t han t he
forward ends thereof in the direction transverse of the track. Further, the
| ower magnematleore has two nmagnetic |ayers through a non-magnetic |ayer
t here between, and the forward end thereof in contact with the 10 nagnetic
gap has substantially the same width as the track . The portion of the
| ower nmagnetic core in the nei ghborhood of the air-bearing surface has a
protru3|onB§¥EECPEF@RB?T§QBSP§n?ﬁ§IP?AWE§G§ane wi dth as the track, 15 and
at |east the portion_between the | ower netic core and_t he protrusion
structdre in the nelﬁhgorﬁobﬂ BfPFHEPEFFl%%aYFﬁﬁ QGrFEEe ﬂﬁgag
non- magnetic | ayer. i agrans, sho t he netjc domain
structure 8PdtH ?Bmé? Hﬁ§h¥?|gg& g g? ﬁﬁgnﬁﬁlfn§%88|egc?gagn?i+ﬂ1nagnetic
head. This nagﬁgg Emgggabg ﬁbru§kgg8n$slgge§§?ggle of the result observed

E

usi ng the %pl arlzed indrcate the direction of

magneti zati on. F'g 2gshovs the oRANGL LG rIREREAoRE hYCEHE CmdhhEr 2
bet ween

non- nagneti c f|In1not or me
in which the lower magnetic core of the inductive

10 thin-film magnetic head is magnetized.

Figs. 3a, 3b are diagrams showing the shape of
the air-bearing surface of the inductive thin-film
magnetic head according to an embodiment of the
invention.

15 Figs. 4a, 4b are diagrams showing the in-plane
component of the magnetic field strength of.the
inductive thin-film magnetic head according to an
embodiment of the invention.

Fig. 5 is a perspective view of the forward

20 end of the inductive thin-film magnetic head according
to an embodiment of the invention.

Fig. 6 is a schematic diagram showing a hard
disk device according to an embodiment of the invention.

Fig. 7 is a sectional view of an inductive

25 magnetic recording head according to an embodiment of

the invention.



25 the .upper layer 12 of the | ower magnetic core and the | ower IayegBQNqum
the | ower magnetic core, and Fig. 2b shows the nagnetic domain structure
with a non-magnetic filmforned between the upper |ayer 12 of the | ower p
5 ,IUN 7nn3 _ g magnetic core and the lower |ayer 11 of the | ower nagnetic
core. In the absence of the non-magnetyc-fil m between the upper |ayer 12 of
the I ower magnetic core and the | ower |ayer 11 of the | ower magnetic core,
a 5 domain wall 8 isHiigablge itso a0 peus peethiren viilker sShewing a pagnebdr esi stive
el ement 6 and an end of the contact portion between the upper |ayer 12 of

t he | ower mEgaghieticoheagndonpe ilsingr anajiedutt ivle magnledwer nmagnetic core.
The magneti zati on changes so that the domain wall 8 10 occurs, disappears
or noves bekgoxgdimg afler andceér diagpedorgistiis tiive cleprgductivihehesder nal
magnetic field. The domain wall 8, which is at a 180 domain wall in Fig.

2a, may beiategraded wikdl leagdp @tdiery agsorRd ngadee &Nz MPEARLMERESCOHomai n
wall 8 and the change in the 15 direction 7 of magnetization cause the
output5fluépﬁalpW@ﬁgl§Wd noi ses of the nmagnetoresistive elenment 6. The
domain wall is liable.to he.formed at the.ti f the formarg,e d of the
upper |ayer 12 of thée*9ower *Ffadn&SE8or ¥1& dq%hé oegpesiCa ﬁﬁgnetic

mat eri al bée%ga%o%c%% qn;h% f%%pe%&%hiaen gn tk epol%ei%ig%nerated in the
end portionandthe sfép F Thé nagnetig Mat er arc A&VERGHR i n Fig. 2b, a
non-magnetic film4 is held between the [ower |layer 11 of the |ower
magneti c core and the upper layer 12 of the | ower nmagnetic core 25 thereby
to reduce phecRAGRAINC OFOURE BREISRAED) EMBODIMMRTSI ayer 11 of the |ower
magneti c core and the upper layer 12 of the | ower magnetic core. In this
way, the | quebodayentlljof the |ower magnetic core forms a 0 5 JUN 7~-nz -
to substantially single magnetic domain. In this case, the thickness of
the magQnetic gap fil mig.i 4 d&t a peksPedvized viileer i cheepsraionhhef
non-nmagnetic film4 is set to 50 nm 5 Figs. 3a, 3b are diagrans show ng

t he shape ¢het hadaictilvearthig-$irlivacegoketilee headudni whet heaghbbm-

hood of the air-bearing surface according to an
embodiment of the present invention. A non-magnetic
film 4, an upper layer 12 of a lower magnetic core and a

15 magnetic gap film 3 are formed in that order on a lower
layer 11 of the lower magnetic core. Then, a coil and a
dielectric layer to surround the lower magnetic core 1
and the upper magnetic core 2 are formed. After that,
the upper magnetic core 2 is formed. Last of all, the

20 forward end of the upper layer 12 of the lower magnetic
core is formed to the desired shape by ion milling or
the like using an appropriate mask and the upper
magnetic core 2. A magnetic core of similar shape can
be obtained also by forming the forward ends of the

25 upper magnetic core 2 and the upper layer 12 of the
lower magnetic core simultaneously by the focused ion

beam process.



magneti.c head according to an enmbodi mnent of the invention. Fig. 3g5shpvsn
the state in which the upper 10 |ayer 12 of the | ower magnetic core has not
been cut for a sufficiently long tinme so that the upper layer 12 of the
| ower magnetic core still remains on the nonmagnetic film4 other than the
track area. In this case, the non-magngtic film4 between the upper |ayer
12 15 of the lower magnetic core and the | ower layer 11 of the | ower
magneti c core reducegst Bhowgaet iFdgcoupl ithe Hetwaed hae ofhehefore, the
possibility is very low of a domain wall being generated in the portion of
t he | ower QLayet hbhgakthike coaeerndaghet uppear maighetthe 20reebglhor hood of the
track, but the possibility is high of a | eakage magnetic field increasing
fromthe thavk ¢he isameheiditheatsi chet rtamasker shegkasheher zekr Eodst he
| eakage magnetic field to be reduced in the direction transverse of the
track, thecéuthendodept maghetiie goper a28 Ithpeupp2romaghetiowepraagneti c
core is required to be not less than 0.3 um Fig. 3b shows the case in
whi ch Phe Bavei Aglerger yidydy itdaanthe foxyass ?ﬁ§§ dhenephei8uth8ce of 0
5 JUN 7~~3 - 11 .the lower layer 11 of the_ |ower nagnetic core is cut. In
the case mﬂéF?CFHQHSGFPQ§EGE§etﬁ5 FG@EFIF&¥er 11 of the |ower magnetic core
changes in a curve ag, %%% gown in % %roblen1|s posed as
the domain wall 5 is™H g&slﬁéef PEd PﬁgP &lﬁoFPFSn 8F tHE | over | ayer 11
e ho"afBYNE 1y EOLe s Behabibnaiaadaf 1L08 Lhgk, Once a Step i
u a

formed by C ng t he’l"ower netic core further,

homeverTo F@QW%E% walhly E%e'&%&%%rhoeﬂ% Q%%%%%%egof%%ﬁk%E% Q&Eh Eﬁhar 10

poi nt urt her 'suppress the generation of mai n wal ower |ayer

11 of1phe heyRletiRIGEL ®aGOALERKNRE allQhMRAOTsameMpaBRh BsMehei | ayer film
having an alternate nultilayer arrangenent of magnetic filnms and 15

non- magnet kgakkl.ns. Figs. 4a, 4b show the in-plane conponent of the
magnetic field strength of an inductive thin-filmnagnetic head cal cul at ed
by the integral el en@he perfrddnacdordiendoweramagmesdicmenteofint bbei nventi on.
The 20 magnetic cores are configured as shown in Fig. 1.
neighborhood of the air-bearing surface has a protrusion
structure of substantially the same width as the track,
15 and at least the portion between the lower magnetic core
and the protrusion structure in the neighborhood of the
air-bearing surface has the non-magnetic layer.
Figs. 2a, 2b are diagrams showing the magnetic
domain structure of the lower magnetic core of the
20 inductive thin-film magnetic head. This magnetic domain
structure is an example of the result observed using the
spin-polarized SEM. Arrows 7 indicate the direction of
magnetization. ¥Fig. 2a shows the magnetic domain
structure with a non-magnetic film not formed between
25 the upper layer 12 of the lower magnetic core and the
lower layer 11 of the lower magnetic core, and Fig. 2b

shows the magnetic domain structure with a non-magnetic

£film formed between the upper layer 12 of the lower



Assuning that the |ower magnetic core 1 is 120 um w de and nade of &5 JUN M3
permal | oy containing 80 % N and 20 % Fe, the saturated magnetic fl ux
density Bs is set to 1 T and the initial pernmeability u to 2500. Al so, the
t hi ckness 25 of the lower layer 11 of the | ower magnetic core is set to 2.4
um and the thickness of the upper |layey 12 of the | ower nagnetic core is
set to 0.6 um The thickness of (15 .II'I N ~nnz - 12 the nagnetic gap
film3 is setntail. do¥Yemantiheher dokew defeirol1l. B3fumheaddwele wi dth of the
rear end of the upper nmagnetic core 2 to 100 um Al so, assum ng that the
upper magneagoetdrec@res 4Irmthki eksendemadetbe annbmabheyicofifdnni ng 46 %
Ni and 54 % Fe, the saturated nagnetic flux density Bs is set to 1.7 T and
the initi abepwespabhki uppert day2@012Thé thgnévwevt magnedicecpseset to 0.5
AT, and the magnetic field strength is neasured at a point 70 nm away from
t he air-beanfinghsudpaes dhyeg fheofndbet lowernmagnetarnagreri @ head. Fig.
4a is a diagram showi ng the_change of the nagnetic field toward the track
on t heS cenfemaipnyagdt 8hé5iHéééﬂ?véotﬁFﬁuFiPﬁﬁﬁﬁ@ﬁe?h@ RESR. OB fcl es

i ndi cate the case in_ which tgg non-ga netic filmis pot forned 15 between
the | ower PAGBPLPICELSTLAES GHEMCREg egp 88r 879n8%t FBSupBBFaFhyer 12 of the
| ower nmagneti¢.caor and triangles_indicate.th se.i.n_which e thickness
of the nonPﬁﬁghSPigéFVFﬁP4th§ g?§e9i29y?ﬁe?%e8§t%58 %PngapgﬁagFﬁg absci ssa
correspond neti,6.-20 cate i.n e re the

t hi ckness ngghégﬁokgﬁggﬁgF?c§%?F51 1i§%OF&evﬁﬁse?hgggggﬁ??oﬁ$?§dicated by

X = -0.9 uRheOhLLERReNIa i Bnt BRaREBECEOknhREtR@NEBAASH! Gafill @1 4. In the
presence of the non-nmagnetic film4, the central nagnetic field is

decrepged whthes5dtibappearet be mbokd befbke aatghBeeRoedceldihg _
nonmagnetic film4 is increased. Fig. 4b is a diagram show ng the nagnetic

field at tbhe etmhethef chhaggapnamntet betergndt magheelid &ieldQ 5TheUN 7~0~ -
13 the center of the non-nagnetic filmas sumarized with respect to the

t hi ckness dbmahe wedlnB8gnwhichf iksmas. aTA80ftagrwaio Wadldiat Fibe center of

the gap decreases with the increase in the thickness of the non-magnetic 5
film and 2Re maynbei @ POE| dompinhwaddndepepfipge CRotNRRBAGRRELERI M 4,

whi ch i ncreases mﬁ%h tge t hi ckn 33 t he noH-nagnetic,filg14 until the latter
reaches 0. 38R dé&rt&a 8§aéﬂb¥€§ efit BP9 FRPs CrABPEatBsPRat the magnetic

fieldiat the.genben of Lhe nonTBgnetho il 1Re' BakpaEeEIUEblaLhe
tions and noises of the magnetoresistive element 6. The
domain wall is liable to be formed at the tip of the
forward end of the upper layer 12 of the lower magnetic
core and the step of a magnetic material by reason of
20 the fact that a magnetic pole is generated in the end
portion and the step of the magnetic material.

As shown in Fig. 2b, a non-magnetic film 4 is
held between the lower layer 11 of the lower magnetic
core and the upper layer 12 of the lower magnetic core

25 thereby to reduce the magnetic coupling between the
lower layer 11 of the lower magnetic core and the upper

layer 12 of the lower magnetic core. In this way, the

lower layer 11 of the lower magnetic core forms a



until the latter reaches the thickness of the magnetic gap film 3, (b 1JEN 7003
whi ch the magnetic field decreases. Desirably, the nagnetic field at the
center of the gap is high and the nagnetic field at the center of the 15
non-magnetic filmis low In other words, the thickness of the non-nmagnetic
film4 is desirably not nore than thel®h+ ckness of the magnetic gap film 3,
and the thickness of the non-magnetic film4 is desirably not nore than one
third of thwbstamnkiebky ofindiee maggreetioc gipndin i lIn XhiEnosk neite 2) Fig. 5
shows an inductive thin-filmmagnetic head according to anot her enbodi nent
of the invenitclmessief Bhe magnetisperap Viel i edv i sete pordidbrmf the 25
inductive thin-filmmagnetic head in the nei ghborhood of the air-bearing
surface t her@othe THel gleresmghet the fMPmmRgre i fedmrt the $9Wer° nagneti c
core 1, after which 05.J UN7003 - 14 the lower layer 91 of the pole
tip el emem0 ®Me magnetic gap film 3 and the upper layer 92 of the pole tip

el ement are forned in that_order. Thepn, a coil to surrqund the | ower
magnetd ¢ core 1 and ¥HS upifer rﬁ’@%e‘?’r%gm% Shoying e NARS (Pﬁl\gyer are

f d, foll d f ' t netic . 2. 1n 1h b f
L non- Rt T EETHIR S0 LEUORATH Tl T S TIMET 8 OB Th t ho | over

o ! P 1h the 1ower
The 10 norfets e s betind o P sl B e Snd 00 PLTE The ol e

tip el enen_{n‘?e@@i&q'this invention makes it difficult for a domain wall to
formin the | ower magnetic core 1. According to this enbodinent, the pole

tip element 9 includesgthsal WEws | Bversdse tie wiponNetike hep9ap film3 and
the upper layer 92. A simlar effect can be produced also in the absence of
the upper layer 92 of the Dober thgpgedeiendord Brwdioerbes) ¢ug.fdris a
schematic di agram showi ng a hard 20 di sk device using an inductive

t hi n-fil maregmeficidetlly aboha nhymesorgsatstilve ypprodlayewel heafd of t he
spin valve head according to the first and second enbodi nents. This device
i ncl udes athg skover anagrethafcora shdlh gnaine gtEhe 681 or rotating the
shaft 64 at a 25 high speed. The disk rotative shaft 64 has, nounted thereon
one or a pragREFL+§ %ﬂ/\!ﬂ f roehes BrodibRntyedf arepr s AYNRA - 15  disks

40 d at det i ned jntegyval Th di sk 40 yotat
ntegral YA en FHE WPRRMERETH Vet SHArE RAWaRE THSKTRFT SIS rEhil ar pl ate

havings a predelgr ILied hadhd's: 8ndofe PLESLRL M O LI APesP 8P %ne
lower magnetic core reduces the magnetic coupling
between them. Therefore, the possibility is very low
of a domain wall being generated in the portion of the
lower layer 11 of the lower magnetic core in the
20 neighborhood of the track, but the possibility is high
of a leakage magnetic field increasing from the track
end in the direction transverse of the track. For the
leakage magnetic field to be reduced in the direction
transverse of the track, the cutting depth of the upper
25 layer 12 of the lower magnetic core is required to be
not less than 0.3 um.
Fig. 3b shows the case in which the cutting

time is sufficiently long so that even the surface of



5 formed with a permanent magnet filmon both sides thereof constﬁghéw%@M
information recording surfaces. This device also includes a head
positioning rotative shaft 62 and a voice coil notor 63 for driving the
rotative shaft 62 on the exterior thereof, and a 10 plurality of access
arnms 61 are nounted on the head posktildaning rotative shaft 62. A
recordi ng/ reproductive head (hereinafter referred to sinply as the head) 60
i s nount edthe fhwetolaged éhdodf thachoweremsgreniblcohs asrestlt, each head
60 is noved in radial direction on 15 each disk 40 with the rotation of the
head positiInnthg rosat wherehshe 62rbgce pfetbeelnivardlapmgrellanfl set in
position. Also, each head 60 is held at a point several tens of nmfromthe
surface ofthfel@gwek magnAtéFs €Rsebghangesbéhwiefurte BEogaR&Yyecasdised by the
hi gh-speed 20 rotation of the disk 40 and the pressure qf the ginbal
constituti ABCHR éPafifc ABWHBP BFOPhEMaiEcBeS8HNRB1thenhdCBRLAJNRLfot Or 65
and the voice coil nDEor 63 are . connected to a arg dgsk coTtroIIer 66,
respectivel§, "RhefBBY ¥ hEOrBEd: F0etBBeRATELOPNREFER ABWERJLIRKBT 25 positi on
of the head,6Q_are controlled. Fi.g. 7 is.a sectional.,view sch ically
Show ng ¢ nbi ReERPy SOMEECPAPRS heaaoERpt B RES PRLBRESHRPSR BRthEcond
enbodi nent us i th agr j 0.z 7 Lce
accordi ng ?Sggg'enggE%L%nFEgﬁ F%eg?géééthn?u$%#Ebtgﬁ%-%?%%%hgggé?ncludes

an upper SEEEB@ Ehbm &R6 ﬁabﬂ@@ic”@%@?tkﬁrﬁﬁéﬁ 1#6wapEe, Oh dofBgpetic film

attached thereon, a dielectric film or isolafing the Upper 5 shield film

186 and thgahowes TREBEEI €oCBECgéRérbtem each ehBepardndudarupper magnetic
core 185. A nonmagnetic dielectric nmenber 189 is attached between these

magnetd c fpbiRt.A part of the dielectric nenber defines the nagnetic gap
188. The support nmenber is in the 10 shape of slider having an air-bearing
surface (ABS) and i sTadd@pretdetoshppaesbothe genprekiont pfte dbhmainsk nedi um
rotating during the disk file operation. The forward ends of the | ower
magneti c cepéligthgndovrs dpper hhgnét thecodpwergmagnetirncPae MaYdetail to
those 15 in Figs. 1 and 5. The thin-fil mnmagnetic head has a back contact
190 fornedbﬁyfgﬁgerBéranﬁ@ﬁ@??écfWPﬁF&éﬁyﬁﬁdeﬁ@ P8XeRInagnetic fil m 184.
Accordi ng t&tan enbodiqgmg of the_invention, .20 eaCQ.coiL 187 ngde of a
single | ayBF FEPARS HBLEA sxeafa5r§PESW?P§ Q& BRARGAFI £p4BS 8R%hi ch t he
porti haﬁgggmg ﬁg@kkegiiﬁgtional area is arranged nearest to the magnetic
gap wwth the seceionar area progressively increasing with the distance from

the magnetic gap. 25pAqEul uhp! kgl E}o@f thBeiALbLRhECRbmEBhbALaRe i Nserted
with a conparatively high density between the back gap 190 and the magnetic
gap 188. |#ghkhinagaeeac rhelw dikengent be sacthadceiasetBinckifhe coils are
magnetic head calculated by the integral element method
according to an embodiment of the invention. The
20 magnetic cores are configured as shown in Fig. 1.
Assuming that the lower magnetic core 1 is 120 pm wide
and made of a permalloy containing 80 % Ni and 20 % Fe,
the saturated magnetic flux density Bs is set to 1 T and
the initial permeability p to 2500. Also, the thickness
25 of the lower layer 11 of the lower magnetic core is set

to 2.4 pm and the thickness of the upper layer 12 of the

lower magnetic core is set to 0.6 um. The thickness of



0 5 JUN 7003 - m small. Further, the elliptical (flat oval) coils (HaWéN H8
sharp corner or edge or end and are small in current resistance. Al so, an
elliptical coil, as conpared with a rectangular or circular (annular) coil,
can have a 5 short total |ength of the conductor. These advantages lead to
a conparatively small resistance, soahb heat generation and an appropriate
degree of heat radiation of the coils as a whole. Since a considerable
anmount of bBratmhgnkeducgdp Ehemdef 0snBétopo el9ngm|i ReabdadR expansion of
the thin-filmlayer are prevented thereby to elimnate the causes of the
pole tip pwottHdsikenli.p phe ABS. tRbewelithpdf cehecpébrhandngfatrabstantially
uni formw dth can be attached by the conventional 15 plating technique

i nexpensi veppercoapaeedcwcbiet Beteplffepmng Blsvapassdepngi than. A coi
havi ng ot her shapes, or especially those having a sharp corner are liable
to lack a uthuppemﬁmagnﬂhén abracBeidlsby phathhgk Bydemadenafi &y corners
and sharp ed? is possible 20 to prevent the coil products from being
subj ecded &8 QYIQPgéaﬁﬁéhQnﬂéaﬁ Nirend 54ckoFdi ngheosahnsatabodi nent, a
multiplicity of turns of substantially elliptical coils are forped between
the magnet "@gBgitds, fand dRBSHFAnBEeiSoFeEhEOCHdr T B5aBecERBniptbhRbssivel y

i ncreases fromthe_magnetic to d the back ga her eby reduci ng the
heat generBFFﬂﬁagl lpt Huﬁooggg 18 eF?ﬁgn%tPgoglgﬁrgﬁEE?igﬁ YFew

SEQQSBBLSﬁé 3028 BrrveRro b8t orYE et tooBrargCt ot arehBSarent of the
| nventi on. of SUBSERE! 90100 Sud9UbLLACLAS & gegga§£h§egukfaéera?d with a

reproductlve I'ncludin ower ghetoresistive film

110, 90”39EEE'Enﬁﬁ@%thCQHEhoklﬁh|ﬂhéﬂétﬁ@dhéﬂde|eCtrOde termnal 140, a
| ower |ayer 186 of the |lower magnetiC film a non-magnetic film4, an upper

| ayer 184 10 of the Fe¢er saBgeehi 8ihgtamagHoringPERE Hngﬁgélﬁffth€1183 The
| ower gap and the upper gap are not shown. The coils 142 generates a

magnet onot megnkaice fieldheolvawdr ther erdokbbhnghasceheenppénesbfel d and the
upper magnetic core by the el ectromagnetic induction, thereby 15
constit uti sheanndndtidvevshisedidinnyabraticFhgad9 i €iacpesspadicatevi ew
showi ng the whol e of a magnetic di sk device according to an enbodi ment of
the invent ¥BR. C?ﬁ?slﬁa@ﬁé?bcthPsROHEWFQEQEbﬁpfﬁé@Slﬁ Rragnéereedi sk for
recording nformati tor é?ot 20, shown rOVIdIDﬁ means for

d

‘otatihg t stwggﬁeﬁﬁe &oyﬁr REGnot BENES LOPER PRFRGEARACPERding
|nfornat|on osi t ggyg@l&nggvkglpgoaggnﬁﬁégét§gp 8£g|ngQ§nq changi ng

t he p05|t|8 thgpgagn héad re ive na ne rc dis an

actuator a@gﬁgn Qb%elﬁaHba%é QHEOEasE'Qn %h§gﬁ“@héh€hgéﬁﬁebg 3@'Ch f'Ve

magnetic d re nounted on the sane rotative shaft thereby to increase
the total %h@ra@aiﬁagﬁ@m&b fhumwulhstbug kR . ungpeshegdtivemstihe foregoing

05J UN 2003 -

along the abscissa corresponds to the lower magnetic

20 core 1, and in the case where the thickness of the
non-magnetic film 4 is 0.3 pum, the position indicated
by x = -0.9 um corresponds to the center of the non-
magnetic film 4. In the presence of the non-magnetic
film 4, the central magnetic field is decreased while

25 the magnetic field in the neighborhood of the non-
magnetic film 4 is increased.

Fig. 4b is a diagram showing the magnetic

field at the center of the gap and the magnetic field at



description that according to the above-nentioned enbodi ments of e JUN 203

i nvention, a dual-elenment (thin-filmnmagnetic) head with a reading

magnet oresi stive (thinfilmmgnetic) elenent with snmall fluctuations in
output 5 signal and reduced noi ses i s obtained. 0 5 JUN 7nn~ - 20

CLAIMS: 1. Athin-filmmgnetic head qg@nprising: a | ower magnetic core
formed on a substrate; an upper nagnetic core having the forward end

t hereof coupkedeh@egaod theehonagaghetieofelihasugimiapngaat wetpap fil mand
the rear end thereof coupled to said | ower nagnetic core, said upper
magneti c cpeepbati g &hei dhlhcRnegsessi thbyndrenegasetndcf fddmt he rear end
toward the forward end thereof; a coil arranged to surround said upper
magneti ¢ cBhe madneaid fdedd amgubei cenver; od thel geprdeckageesf or ned

bet ween said coil, said upper magnetic core and said | ower nmagnetic core; a
prot rusi onwéthuther éntremsg in the pbickoassf ofathel naprmagnadicc core in

t he nei ghborhood of the air-bearing surface thereof and having the sane
width as thélfpadRd iHE HagpRiaggheeile Phythef 6eREATaPE| BASt in the

nei ghbor hood of the air-hearing surface between sajd | ower netic core
and said pPBPFHEEBﬁtéFrééﬁﬁré'wﬁgﬁﬁhanﬁée?ﬁ?EkHéEE Bhesﬁbagﬁgﬁ§ﬁagnetic

I b id_| . et i ' j [
Al or  UhGHe: REPCRPGRAELE. BF L8ad dSRRBROERE JBhCFI oo GhGt Reshbar ot ed

tic f] it f ' t kQn, i I th 1.3 T.
08 SUN 20088r SR, kbR et R B N E U b B The! 2% e magnet i ¢

shield 11| fhofick9Uet ;B3ANGL! EncOLBntBENBY BREVAoASNAGhAeE FRgfetie shield

film a nmagnétoresistive i spose et ween sa ower nagnetic shield

el m apg sanfckawBesRaRAt theCRhEckABsHPBEr tABIABhLRa§AELIEOKRA above said
| ower magnetic core, and a gap filmformed between said | ower nmagnetic core

and sai d uppehilnageellatter ecavhesethe sRidkheserofmghet magaet&cconpri si ng:
a lower magnetic film a non-magnetic filmsubstantially covering an entire
upper surfgsp 6filmaBd kdwer which the magnetic field decreases.

Desirably, the magnetic field at the center of the gap

is high and the magnetic field at the center of the

15 non-magnetic film is low. In other woxds, the thickness

of the non-magnetic film 4 is desirably not more than

the thickness of the magnetic gap film 3, and the

thickness of the non-magnetic film 4 is desirably not

more than one third of the thickness of the magnetic gap

20 film 3.

(Embodiment 2)
Fig. 5 shows an inductive thin-film magnetic
head according to another embodiment of the invention.
Fig. 5 is a perspective view of the portion of the
25 inductive thin-film magnetic head in the neighborhood of
the air-bearing surface thereof. The non-magnetic film

4 is formed on the lower magnetic core 1, after which



magnetic filmincluding an air bearing surface, and an upper nagnetpé JUN 708
formed over said non-magnetic film 3. Athin filmmagnetic head accordi ng
to claim?2, wherein: a length of a portion of said upper magnetic film
facing to said gap film which is neasured in a track width direction, is
substantially equal to a |length of tha4pertion of said upper magnetic core
facing to said gap film which is neasured in a track width direction. 4. A
thin fil m whgndobwerndagero®ir iofi the poleweipradeaent,shhel datinemica | ower
magnetic filmformed above said | ower maenetic shield film a
magnet or esigsipi \fe 1 |3madhids phese cippetrwaeryesaicd bédwehenpgihet tépshiel d fil m and
said | ower magnetic film an upper magnetic filmformed above said | ower
magnet i ¢ f ellemeatgayef iflommedr had thatweedesai dThewer anggiaét te fil m and sai d
upper magnetic 0 5 JUN 7003 - 22 filmwherein said |ower magnetic film
conpri si ngSuATcYREr thegleres magaetis foxemdgABei Ehei LRPSEbst antial |y
covering an entire upper surface of said_ |ower magnetic |ayer including an
ai r beat i n§egnetdce COxRd 2aR"dpfeFLREGREEILE LaYEF RERPMEQTBFEr said

non. - magnet.i ¢ fil . thi.n fil mnmagnetic head according to claim4,
wherein: aiP &SﬁﬁgggyéQBSPPPHntbF EE% ruBBQPe?éﬁeFOEF he &BMELenagnetic
filmfacing,.to. the 3:% filnh whi ch_i. gﬁ%%“ﬁ?daiBP%EEEa%ﬁlﬁﬁd%h direction,

i s substan Pgﬁpfeea IhFong r@ﬁ&Pﬁté portion 0O ald uppeﬁ magnetic film

facing to §3L68193R of IddBuMInCRnkS 10RRTURSENER 18 Eb2EK1WedLR dhpection, at
é. A thi |ﬁ

| east at an air bearing surtace. m magneti ¢ head according to

claim4, vwagwet tHal %o‘l@p%rip' QWemedk bhe IrAvehraRgaebhCoki kRl s shaped by

cutting in the perpendicul ar "direction agai nst said | ower nagnetic film

and the cunhbnRthadeRithd Finat 4 eetwelkan thed 1bedramabaasticakcoge air bearing
surface. "1-. Athin filmnmagnetic head conprising: a | ower magnetic shield
film and the pole tip element 9 as in this invention makes
it difficult for a domain wall to form in the lower
magnetic core 1. According to this embodiment, the pole
tip element 9 includes the lower layer 91, the magnetic
15 gap film 3 and the upper layer 82. A similar effect can

be produced also in the absence cof the upper layer 92 of

the pole tip element.

(Embodiment 3)
Fig. 6 is a schematic diagram showing a hard
20 disk device using an inductive thin-film magnetic head
and a magnetoresistive reproductive head of the spin
valve head according to the first and second embodi-
ments. This device includes a disk rotative shaft 64
and a spindle motor 65 for rotating the shaft 64 at a
25 high speed. The disk rotative shaft 64 has mounted

thereon one or a plurality (two in this embodiment) of



a lower magnetic filmfornmed above said | ower magnetic shield fil rﬂ5e{UN n
magnet oresi stive filmdi sposed between said | ower magnetic shield fil mand
said | ower magnetic film an upper magnetic film forned above said | ower
magnetic film and a gap filmforned between said | ower magnetic film and
sai d upper magnetic film wherein: sald ower magnetic filmconprising: a

| ower nmagnetic |ayer, a non-magnetic film substantially covering an entire
upper surfaiekefdBandringed atgpeedetérhimédybmtered gl ngrlams ai r beari ng
surface, and an upper magnetic Layer with a protrusion strucutre facing to
sai d uppereacignéisk 40| mpbhatébeintegbadly ngisurfleeadislilrdtd ive
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constituting an elastic member of the access arm 61.
The spindle motor 65 and the voice coil motor 63 are
connected to a hard disk controller 66, respectively,
whereby the rotative speed of the disk 40 and the
25 position of the head 60 are controlled.
Fig. 7 is a sectional view schematically
showing the inductive recording head explained in the

first and second embodiments and used with the hard disk
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f;109& ()-13 10%r& ()- @O0%r& ()-y' 10%r& ()- 101010& | 109%&' ()- ; 109%& ()-*_
| K- K& 10%m& ()-M 10%r&' ()-F 3 10%& ()-f10%r& ()-, 10%m& ()-, 10%& () -
10%& ()- # O
i K- K5-10%r&' ()-3S10%& ()-f, mO%& (5 16SH0%r&' () -, #L10%&' () - L! ni' 10%r&' () -
10%m-& ()- O | K5- 10%m&' ()-Y 10%&Z& () -
f10%Z& () -defvEe arcotrdib@rton2ibl%miiof) meatOuithe- invention.
hoeFi K5- 10%m& ~ 109%Z& () -9:!10%Z& () - MLO%Z&' () - 0% & () -, 10%Z& ()-Y
9109Z& () - BhilEi KBino%iam Wepdvd&cindes]evzapppr! sby@dd( fikm 186, a
c109%Z&' () - 109%Z&' () - ) . i
109Z&' () - VIgREKSM2guRtis]1 0oZe (p443adevmd @) mayneddg f)lm-atbegRed) - (MLOWZ&
"()-F "10%& () - FGH W\ bC5- 10%1y10%&' ()-& 3109%& ()- 10Z 10Z 1029
1002Z¢&' () - Fthepopr:, ( p- Aiedeetein fadmoésL eaoaPPdeding- theourpey-
5 shield film 186 and the lower magnetic core 184 from
each other, and an upper magnetic core 185. A non-
magnetic dielectric member 189 is attached between these
magnetic films. A part of the dielectric member defines
the magnetic gap 188. The support member is in the
10 shape of slider having an air-bearing surface (ABS) and
is adapted to be airborne in proximity to the disk
medium rotating during the disk file operation. The
forward ends of the lower magnetic core 184 and the
upper magnetic core 185 are similar in detail to those
15 in Figs. 1 and 5.
The thin-film magnetic head has a back contact
190 formed by the upper magnetic film 185 and the lower
magnetic film 184.
According to an embodiment of the invention,
20 each coil 187 made of a single layer is in the shape of
a slightly deformed ellipse, of which the portion having
a smaller sectional area is arranged nearest to the
magnetic gap with the sectional area progressively
increasing with the distance from the magnetic gap.
25 A multiplicity of the elliptical coils are
inserted with a comparatively high density between the

back gap 190 and the magnetic gap 188. 1In this area,

the width and the section diameter of the coils are
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10n710ﬁm&£ga§ %g’@ﬁéé%pgﬁgﬁfgg ;$g£§fi resistance, small heat
generation and an appropriate degree of heat radiation
of the coils as a whole. Since a considerable amount of
heat is reduced, the deformation, elongation and
10 expansion of the thin-film layer are prevented thereby
to eliminate the causes of the pole tip protrusion in
the ABS.
The elliptical coil having a substantially
uniform width can be attached by the conventional
15 plating technique inexpensive as compared with the
sputtering or vapor deposition. A coil having other
shapes, or especially those having a sharp corner are
liable to lack a uniform width when attached by plating.
By eliminating corners and sharp edges, it is possible
20 to prevent the coil products from being subjected to a
large mechanical stress.
According to this embodiment, a multiplicity
of turns of substantially elliptical coils are formed
between the magnetic cores, and the diameter of the coil
25 section progressively increases from the magnetic gap

toward the back gap, thereby reducing the heat

generation.
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10 1Omlonhead including a lower shield 182, a magnetoresistive
film 110, a magnetic domain control film 141 and an
electrode terminal 140, a lower layer 186 of the lower
magnetic film, a non-magnetic film 4, an upper layer 184

10 of the lower magnetic film and an upper magnetic film
183. The lower gap and the upper gap are not shown.
The coils 142 generates a magnetomotive force in the
lower core doubling as the upper shield and the upper
magnetic core by the electromagnetic induction, thereby

15 constituting an inductive recording head.

Fig. 9 is a perspective view showing the whole

of a magnetic disk device according to an embodiment of
the invention. This magnetic disk device comprises a
magnetic disk for recording information, a DC motor (not

20 shown) providing means for rotating the magnetic disk, a
magnetic head for writing and reading information, a
positioning unit providing means for supporting and
changing the position of the magnetic head relative to
the magnetic disk, i.e. an actuator and a voice coil

25 motor. Fig. 9 shows the case in which five magnetic
disks are mounted on the same rotative shaft thereby to
increase the total storage capacity.

It will thus be understood from the foregoing
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10cc!*Y" O%EC&T()"'*¥'¥95HQ& Ebh%tl core havin orward end
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10%&' () - @oeG%m&ofpr maQiERi€) cot®, said upper magnetic core
having a width progressively decreasing from the rear
end toward the forward end thereof;
a coil arranged to surround said upper
magnetic core and said lower magnetic core;
a dielectric layer formed between said coil,
sald upper magnetic core and said lower magnetic core;
a protrusion structure formed in the portion
of said lower magnetic core in the neighborhood of the
air-bearing surface thereof and having the same width as
the track; and
a non-magnetic layer formed at least in the

neighborhood of the air-bearing surface between said

lower magnetic core and said protrusion structure,

wherein the thickness of said non-magnetic
layer between said lower magnetic core and said
protrusion structure is smaller than the thickness of

said magnetic gap film;
and the saturated magnetic flux density of

said protrusion structure is not less than 1.3 T.
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S10% & ()- ¥ an upper magnetic core formed above said lower magnetic core, and
a gap film formed between said lower magnetic core and said upper magnetic
core, wherein;
said Jower magnetic core comprising:
& lower magnetic film,
a non-magnetic film substantially covering an entire upper surface of said lower

magnetic film including an air bearing surface, and

an upper magnetic film formed over said non-magnetic film.

3. A thin film magnetic head according to claim 2, wherein:
a length of a portion of said upper magnetic film facing to said gap film, which is
measured in a track width direction, is substantially equal to 2 length of the portion of s2id upper

magnetic core facing to said gap film, which js measured in a track width direction.

4, A thin film magnetic head comprising:
a lower magnetic shield film,
a lower magnetic film formed above ssid lower magnetic shield film,
a magnetoresistive film disposed between said lower magnetic shield film and
said lower magnetic film,
an upper magnetic film formed above said lower magnetic film,

a gap film formed between said lower magnetic film and szid upper magnetic
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an upper magnetic layer formed over said non-magnetic film.

s. A thin film magnetic head according to claim 4, wherein:
a length of a portion of said upper layer of the lower magnetic film facing to the
gap film, which is measured in a track width direction, is substantially equal to a length of a
portion of said upper magnetic film facing to said gap film, which is measured in a track width

direction, at least at an air bearing surface.

6. A thin film magnetic head according to claim 4, wherein:
said upper layer of the lower magnetic film is shaped by cutting in the
perpendicular direction against said lower magnetic film, and

the cutting depth is not less than 0.3 xm at least at an air bearing surface.

* A thin film magnetic head comprising:

a lower magnetic shield film,

a lower magnetic film formed above said lower magnetic shield film,

a magnetoresistive film disposed between said lower magnetic shicld film and
said lower magnetic film,

an upper magnetic film formed above said lower magnetic film, and

a gap film formed between said lower magnetic film and said upper magnetic
film, wherein:

said lower magnetic film comprising:

a lower magnetic layer,

a non-magnetic film substantially covering an entire upper surface of said lower

magnetic film layer including an air beering surface, and
an upper magnetic layer with a protrusion structure facing to said upper magnetic

film at the air bearing surface.



