MAGNETI C HEAD AND NETI-A% lgg? FACTURI NG THE SAME The present I nvention
relates to a magnetic h d a tmet hod for manufacturing the sane. Mire
particularly, the present invention relates to a MG (netal in gap)
magneti c head that is suitable for recording and reproducing information at
hi gh density in a magnetic recording nedi um having a high coercive force
used in systens such as digital VIRs and data streaners. |In magnetic
recording systmﬁqu&EmbmmmmﬁmwﬁmUﬁn@r@mN@mE SAMERN is
required. As a magnetic head that is suitable for high density magnetic
recordi ng and reproduci ng, magnetic heads that use nmagnetic netal materials
such as a Co-based anorphous filmand a Fe- based nitride filmhaving a

hi gh t ti t fl. ty.Bs th f i t teri
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head general | as, a structure in ich a tic nmetal | ayer 21 having a
hi gh saturati &F’Hﬁf@ﬁfé{r%g F}I“hﬁa’HSnSM] ell@r?lé , be Bresent u&mmzyzr ptes
ferrite that is a 5}gnetlc core, as shown in Fig. 12. A nmagnetic gap 26 is
provi ded bet wteq M ﬁmgwétmcgapétraagm@byrehga@.thaume@mblsrfar Irpcondiyes

material in the magnetic gap 26 has a structure in which netal C |ayers 28
are hel d bet weepro8iuCingr irfformygEon a2 7highsdextsitynin a ragnetiGreconding ivedamm
enl arged view of the sliding surface 25 of the MG head. The hal f-cores 22

are bonded t oheeiiy Ahigh cydreivedol@agked iSsystens whtic bs dagitd VDRs aRldtd4tg
point. A nethod for manufacturing the conventional MG head will be 2

descri bed bel gWewhidpsref erence to Figs. 14 (a)-(f). First, a w nding groove

In magnetic recording systems such as VIRs and data streamers,
higher densification is required. As a magnetic head that is suitable for
high density magnetic recording and reproducing, magnetic heads that use
magnetic metal materials such as a Co-based amorphous film and a Fe-
based nitride film having a higher saturation magnetic flux density Bs than
a ferrite material, especially MIG heads, have been developed increasingly.

The MIG magnetic head generally has a structure in which a
magnetic metal layer 21 having a high saturation magnetic flux density is
formed on a half-core 22 of a ferrite that is a magnetic core, as shown in Fig.
12. A magnetic gap 26 is provided between the magnetic metal'layers 21.
Conventionally, the gap material in the magnetic gap 26 has a structure in
which metal Cr layers 28 are held between SiO, layers 27, as shown in Fig.
13, which is an enlarged view of the sliding surface 25 of the MIG head.
The half-cores 22 are bonded to each other with a lead glass 24, which has a

low melting point.

A method for manufacturing the conventional MIG head will be

i



32 and a back glass groove 33 are fornmed in a ferrite core 31 (Figs. 14 (a)
and (b)). Then, track grooves 34 are formed in the core 31 and gap-facing

surfaces 35 are ground (Fig. 14 (c)). Furthernore, a magnetic netal |ayer

21, a Sigerr] layer 27, and a C layer 28 are fornmed in this order e.g. by
sputtering on a region of the core 31 including the gap-facing surfaces 35
(Fig. 14 (d)). A pair of half-cores on which a gap material is thus forned
are butted agueBSib&RbEIoN Meth s&retdiRh tbfﬁg.am wt@fgﬁréﬁa@)ﬁ?ﬁﬁg ¥eb&Fe and

a lead glass 24 is placed in the groove portions
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treatnent to bon O manut acture one gap

14 (f)). The heat,treatnment for bondi the hal f-cores tq,,each other.is
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magneti c netal Iéééer 21. After _this step, the gapped bar is cut to_a

pr edet er ni ned SHERQes Bp fre greund §Fig. dddch. pFuttbesmery aimagnaticmelsd layerand

the sliding surface is ground to finish the head chip. In the MG head of

t he conventi oBdl asBiQgiaper, 2homed er Crtlagen@8uaxec forofed: fre thisgneddrce gapy

l ength is not sufficient and the properties are not stable. As a result of

t he inventor' spattatingi e at fegion pf ol eome, 31 indladingethe fapHfatitp aturfaces 186

conventional gap material, the nmetal C is oxidized partially and

non-uni form y (g, 1ae(d)esidyalr sHYEERorbEr I Fhidle a ! mbt&RaMBfhw fredt he

oxygen in the low nelting point |ead glass 24 to torman inperfect Cr oxide

29, causing v | i ' | hekn of
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t he inperfect ox 97's non-uni aving a
stabl e | engt hleca?lngﬁgs % f%bf)l%.'c&f ﬁin the groove portions (Fig: 14 (e)). Furthermore,

the lead glass 24 is molded on the Cr layer 28 by heat treatment to bond the

cores at the gap to manufacture one gapped bar (Fig. 14 (f)). The heat
treatment for bonding the half-cores to each other is conducted in a nitrogen
gas (N,) to prevent the oxidation of the magnetic metal layer 21. After this
step, the gapped bar is cut to a predetermined head chip core width and a
predetermined azimuth angle, and the sliding surface is ground to finish the
head chip.

In the MIG héad of the conventional structure, however, the
accuracy of the magnetic gap length is not sufficient and the properties are
not stable. As a result of the inventor's analyzing these problems, it has
been found that in the conventional gap material, the metal Cr is oxidized
partially and non-uniformly by the residual oxygen during the heat

_ treatment and by the oxygen in the low melting point lead glass 24 to form
an imperfect Cr oxide 29, causing volume expansion as shown in Fig. 15.

Since the thickness of the imperfect oxide 29 is non-uniform, a magnetic gap



The netal Cr is used as a gap material for inproving the wettability of the
| ead glass 24. If only the SiJerr] layer is used without C, the
flowability of the |ead gl ass 24 worsens as shown in Fig. 16, so that a
sufficient strength of the head chip cannot be obtained. It is an object of
t he present invention to provide a magnetic head of MG type having a
magnetic gap with inproved accuracy whilze ensuring the strength of the head

chip. It IS anmRefinghl &ablelenkPciftPRlonkiiiRal i on to provide a method for
manuf acturi ng such a magnetic head of MG type. According to the present

i nvention, a magnet ﬁe%@glﬁrhiglugg% XQBW%I %aﬁ)l ;%%‘Bé&jiﬂ%r irﬂﬂ{‘oﬁﬁg’@ﬁé 3 %tia%(i:

material in a magnetic gap, conpri SIhg non- magnet | Xi de

| ayers, whose i.n conponent ,i,S Si rrl, ert err].layers held

bet ween the n&h- gﬁ%a[rao(‘,gl%%?i d& | i@gﬁn‘iy J»&@cgi@ %’Lelrol% %e‘ib%ﬂfboﬁgg@’etﬁte head
of MGtype in which the Crierr]err] layer is substifuted for the Cr

| ayer, deteri 31%4 ty ﬁ? ithe lgad glasy Z]Gf W?%“ﬁa%éh?‘(‘fng‘&ph&nb@hs%éhg‘é@ by
the partial and non-uniform oxidation of the gap material can be controlled
whil e the flosufidientstwenagthpfibe headichip cannatde afitainedused in the process
of manufacturing the nmagnetic head is ensured. Also, the gap length can be
preci sely neasur ed, Ithiscausigetthef the [peesduf[iaventiomiepravidea insdgreticohdad of
transparent so that light reflection does not cause difficulties as it does

when the Cr | 3fEE tipe U8Rihg AhmapHBtio \¢apoRithi i@n[?]ﬂ?ﬁe&%uﬂiﬁ@y whilé easgdihg
| engt h and t he nmeasurenent accuracy inproves the production yield of the
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the steps of ft@b%\ﬂge 4 method for manufacturing such a magnetic head of MIG type.
According to the present invention, a magnetic head of MIG type is
provided that comprises a gap material in a magnetic gap, the gap material
comprising non-magnetic oxide layers, whose main component is SiO,, and
Cr,0,layers held between the non-magnetic oxide layers.
According to the above magnetic head of MIG type in which the
Cr,0, layer is substituted for the Cr layer, deterioration in the accuracy of
the magnetic gap length caused by the partial and non-uniform oxidation of
the gap material can be controlled while the flowability of a glass such as a
lead glass used in the process of manufacturing the magnetic head is
ensured. Also, the gap length can be precisely measured, because the
Cr,0, layer is substantially transparent s;) that light reflection does not
cause difficulties as it does when the Cr layer is used. The improvement in
the accuracy of the gap length and the measurement accuracy improves the

production yield of the magnetic heads greatly.

According to the present invention, a method for manufacturing a



magnetic netal |ayer, a non-magnetic oxide |ayer whose main conponent is
SiJerr], and a Cr[err]2[err], layer in this order on each of a pair of

hal f-cores, and bonding the pair of half-cores to each other with a bonding
gl ass softened by heating so that at |least a part of the Cr[err]O[err]

| ayers are in contact with each other to define a nmagnetic gap with a gap
mat eri al conprising the non- magnetic oxjde layers and the Crerr](err]

layers hel d behy@edtid héa Eﬁé iCpRvidial ﬂlﬁlf%ﬁxpris@s the StepyB e faedingiaNg
met hod, it is preferable that the bond| ng glass is softened by heating the
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mai n conponen eferably ilicate nor e
preferably a b(??‘gg}g&f‘a? nggﬁ'r é‘iﬁe‘i‘)eaﬁb@&f}%‘ewi M%F BEl gshyon of
the gap material occurs less easily than when the Si CIerr] Iass |s used
so that a st ableatinge hatttleastra parief thenerO; layers gre aet Witht

non- magneti c oxi de | ayer whose main conponent is Si CIerr] has a t hi ckness
of at |east 30then thdefinse mmgreticdgdn evitlofa g matgniad icommising | thgenowan be
controlled. It is preferable that the bonding glass is a |ow nelting point

gl ass havi ng aspietiznodide bayors anld thetCryoy, tastelns hebDbétavaehGlrnonriggnetic
specifically a 5 gl ass whose nmain conponent is PbQO
oxide layers.

In this manufacturing method, it is preferable that the bonding
glass is softened by heating the bonding glass in an atmosphere containing
oxygen at least in the following temperature range:

Tg—85C=T<Tg—85C
wherein Tg is the glass transition point of the bonding glass. This
preferable manufacturing method improves the flowability of the glass.

The non-magnetic oxide layer whose main component is SiO, is
preferably a silicate glass layer, and more preferably a borosilicate glass
layer, because the ill-balanced abrasion of the gap material occurs less
easily than when the Si0, glass is used, so that a stable head cutput can be
obtained.

It is preferable that the non-magnetic oxide layer whose main
component is SiO, has a thickness of at least 30 nm, because the oxidation
of the magnetic metal layer can be controlled.

It is preferable that the bonding glass is a low melting point glass

having a softening point of not more than 500°C and more specifically a



Fig’ 1 shows a perspective view of a magnetic head of MG type of the
present invention; Fig. 2 shows the magnetic gap and a portion near the
magnetic gap of the sliding surface of the magnetic head of MG type of the
present invention; Figs. 3 (a)-(f) show a nethod for nmanufacturing the
magneti c head of MG type of the present invention; Fig. 4 shows changes in
the |l ayer thickness of & and C[err](&rr] after heat treatnent; Fig. 5
shows t he abrglasoowhesnidincompbnént BPYO[err]/SiJerr] used as a gap
material; Fig. 6 shows the abrasion condition of Cr[err]O[err]/borosilicate

glass used as a gamigBei @howk a pbibpedtivd Qi 6PRGhbEME hesd BEMIG tesd BENt ;
Fig. 8 shows the wet angle of the lead glass on & and C[err]Jerr] under

the conditiongef ment in Fig. 7; Fig. 9 shows the distribution
of the gap Ienspgé%%}ﬁghyr%%ﬁ@’i ¢ head having a conventional gap material of
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urface of | anbither SHABROREat the THAEREpoa CELIET U ol HHOPERE |~ 6
Fig. 12 showsinse&%épecti ve view of a conventional magnetic head of
Figs. 3 (a)-(f) show a method for manufacturing the magnetic head of
MIG type of the present invention;
Fig. 4 shows changes in the layer thickness of Cr and Cr,O, after
heat treatment;
Fig. 5 shows the abrasion condition of Cr,0,/SiO, used as a gap
material;
Fig. 6 shows the abrasion condition of Cr,O,/borosilicate glass used
as a gap material;
Fig. 7 shows conditions for heat treatment;
-Fig. 8 shows the wet angle of the lead glass on Cr and Cr,0O; under
the conditions for heat treatment in Fig. 7;
Fig. 9 shows the distribution of the gap length of a magnetic head
having a conventional gap material of Cr/SiO,;
Fig. 10 shows the distribution of the gap length of a magnetic head
having a gap material of Cr,O,/borosilicate glass; 3
Fig. 11 shows the magnetic gap and a portion near the magnetic gap

of the sliding surface of another magnetic head of MIG type of the present

invention;



M Gtype; Fig. 13 shows the magnetic gap and a portion near the nagnetic
gap of the sliding surface of the conventional nagnetic head of MG type;
Figs. 14 (a)-(f) show a nethod for manufacturing the conventional nagnetic
head of MG type; Fig. 15 shows the magnetic gap and a portion near the
magnetic gap of the sliding surface of a conventional magnetic head of MG
type having a C |ayer that is oxidizedgi nperfectly and non-uniformy; and
Fig. 16 shows a perEigetfRishowsiseperspectivengontifa dwewdntibnil Bagyptic Meed ®ifn
bonding with glass is not sufficient. The preferred enbodi ments of the
present i nvenpqr et | be described below with reference to the draw ngs.
However, the foll ovm ng enbodi ments are not intended to I|mt t he present

i nvention. In one 0 HhabR&G: Ript he
present invention as-s ownmiv %—‘? a{@teﬁﬁ P coreé%@‘} a ferrltv, thgtpare

2
magnetic cores,,ar onde a |l ead el ting
point, in a i‘fﬂg FYE F%coélf’ e{xﬂgnil ﬁ%ﬁd]ﬁf@ﬁet ® Gap-
facing surfaces definin tic gap ro ort j,ons f or the | ead
gl ass 4, which bon lgﬁhi Ral- showea festhad O’b g the GoRYeRtoRaled i n

the half-core 2. Also, a nagnetic netal l|ayer 1 havi ng a high saturation
magneti c f| uxmagnetic fiead of typereTaN | ayer, a borosilicate glass |ayer 7,
and a Cr[err](err] layer 8 are formed on the half-core 2 in this order.
These | ayers are fdfigedl5 showstke nmgnetiagaptand ayperticacneny thermmagnetiagap t he
groove 7 portions forned near the gap-facing surfaces. _

of the sliding surface of a conventional magnetic head of MIG type having a

Cr layer that is oxidized imperfectly and non-uniformly; and

Fig. 16 shows a perspective view of a magnetic head of MIG type
wherein bonding with glass is not sufficient.

The preferred embodiments of the present invention will be
described below with reference to the drawings. However, the following
embodiments are not intended to limit the present invention.

In one embodiment of a metal in gap (MIG) magnetic head of the
present invention as shown in Fig, 1, half-cores 2 of a ferrite, that are
magnetic cores, are bonded with a lead glass 4, which has a low melting
point, in a manner similar to that of the conventional MIG head. Gap-
facing surfaces defining a magnetic gap 6 and groove portions for the lead
glass 4, which bonds the half-cores to each other, are previously formed in
the half-core 2. Also, a magnetic metal layei' 1 having a high saturation
magnetic flux density, such as a FeTaN layer, a borosilicate glass layer 7,

and a Cr,0, layer 8 are formed on the half-core 2 in this order. These

layers are formed to cover at least the gap-facing surfaces and the groove



As shown in Fig. 2, which is an enlarged view of the sliding surface 5 of
the MG head in Fig. 1, the Cr[err]derr] layer 8 is substituted for the Cr
layer in this MG head. The gap material in the magnetic gap 6 has a
structure in which the borosilicate glass layer 7 and the Cr[err]err]

| ayer 8 formed on the half-core 2 are in contact with each other, so that
the Grlerr](Jerr] layers 8 are sandw ched between the borosilicate gl ass

layers 7. As pb¥Yéhs formed nedr thdkspBdmpeasfabasi cal |y can be manufactured
by a procedure simlar to that of the conventional nmanufacturing nethod as

shown in Fig. 14, g Nirid. | dnd 3 klidinSswifhed 5t ut ed
for the Sigerr] Izﬁ/&%%@gﬁglé %F}}?ﬂgﬁél%g@%?%%eﬁ%ﬁéfiggﬂ% i%ssubstitut ed
for the Cr la : Vielp: 1§ f . it for
neat 11 eat mengt headrCRARIG g 1B G, BlvREE 1 Bufiiha KRl
whi ch bonds the -cores, to each pother. .]n order.to confirma change in

t he thi cknessaﬁﬁmh@di ag‘b? g&ﬁdn?‘f?éla%ﬂ’[lé*‘? PHEnebic gap F‘aﬁﬁéStf%&Pﬁ%%ﬁeat
treatnment, both layers were subjected to a heat &Sa ment itg an el ec#lric
furnace used Vhic parasilicaty alass Mver eand the GrPedayer 8iformed omthe r ned
that in a heat treatnent conducted at 520[err]C for 10 m nutes, for

exanpl e, the Kalficaye? ateoins cataot withveacke othere sp thahith« (asQ; Iayare § pee

Cr[err]derr] layer shows little or no change as shown in Fig. 4. C is

turned i nto Geandwiehé& bbtvoedrieheSlivrosidicatet glasplaydes 7while Crerr]Jerr] is
al ready oxidized so that its volune is substantially constant. This result

B e e A et 28
treatment, ;8 36 d18lsihikral! 937 th8Whbe @ ACmARUBIBEHNg method as
shown in Fig. 14, except that the borosilicate glass layer 7 is substituted for
the SiO, layer 27 and that the Cr,0, layer 8 is substituted for the Cr layer
28. However, it is preferred to employ the conditions for heat treatment
described below to improve the flowability of the glass 4, which bonds the
half-cores to each other.
In order to confirm a change in the thickness of the Cr layer and the
Cr,0, layer due to the heat treatment, both layers were subjected to a heat
treatment in an electric furnace used for manufacturing the MIG head. As
a résult, it was confirmed that in a heat treatment conducted at 520°C for
10 minutes, for example, the Cr layer shows about 70% increase in
thickness while the Cr,0, layer shows little or no change as shown in Fig. 4.
Cr is turned into Cr imperfect oxide so that it expands, while Cr,O; is
already oxidized so that its volume is substantially constant. This result
shows that the use of the Cr,0, layer in the magnetic gap of the MIG head

does not cause a change in the thickness of the layer due to heat treatment,



Thus, the Cr[err](Jerr] layer is substituted for the O layer in the MG
head of the present invention. Oher conponent materials are not limted to
those used in the above enbodi nent. For exanple, the half-core is not
limted to ferrite, and other ferronmagnetic oxides may be used. In a pair
of half-cores, at |east one half-core should forma magnetic core of a
ferromagnetic oxide. Also, there is no lgmtation to use the |ead glass for

bondi ng the habfthapaesalile gapdbnsbh&imn befobtamdie! ting point gl ass having a
softening point of not nore than 500[err]C is preferably used. Wile FeTaN

is illustrated as t i 2 f e r@al uch
RS0, Fh o i BT IRH Co Bl el

as Co-based anorphous, ‘Sendudt ®(Fe-S
magneti c netal ¢l e | | | : Il cate
g1 a5s 1 ayer . - REABEBresth Ruveb8ShE [0hnBP coirlohBd AhebBaloRd 48t IRGRAN ol
can be used. | ass | aye ose nmajn,conponent is Si.O2,. such.as a Sigerr]
gl ass |ayer, & g%ﬂ Hﬁ?‘*ﬁdéiqi‘lec @eg?’ﬁbgdxlnh%r , %?}F exagiple,. ﬁ%\g‘a&'qofﬁ&?e“ | ass
| ayer, is pref.er_abl%/ uysed as the ngn-nmagnetic oxide layer. |n view of the
abrasi on of t heuigegiodersile.and ether fenspmpgnatic exides may be used.c dnea grir<af f or
t he non-nmagnetic oxide |ayer to prevent the hardness of the entire %ap
mat eri al f ror‘rhblfd@memgaéxéest;imwl yhailf-¢gre b ghersldn doror [ 8r nja@netic] coteavatng a

hi gher hardness than Cr. The gap material having an excessively high

har dness t endferramagnstic iockidebalAdsa; ehepbisano dimithtion ex amplthe lehé glassfaral
tape such as a netal evaporation (ME) tape runs on the magnetic head for a

| ong period. Pendingvehe RalficBresSto édcht Hthe@aPAMBweheting pofdr flass bhvidiea
Crlerr]derr] layer 8 and the SiJerr] layer 9, ill-balanced abrasion

occurs in whi ghrtdkiReGiint of fbtTRORY thaln SU0C  i4§RefcdBly dé@ﬁ, MEPRIES FEThRYE' S-

Therefore, the head output
illustrated as the magnetic metal layer, other magnetic materials such as

Co-based amorphous, Sendust (Fe-Si-Al), or FeGaSiRu may be used in the
magnetic metal layer. Also, there is no limitation to use the borosilicate
glass layer. A non-magnetic oxide layer whose main component is SiO, can
be used. A glass layer whose main component is SiQO,, such as a SiO, glass
layer, an aluminosilicate glass layer, or a soda-lime silicate glass layer, is
preferably used as the non-magnetic oxide layer.

In view of the abrasion of the gap material, it is preferable to use a
silicate glass for the non-magnetic oxide layer to prevent the hardness of the
entire gap material from becoming excessively high by using Cr,0;, having
a higher hardness than Cr. The gap material having an excessively high
hardness tends to cause ill-balanced abrasion, for example, when a metal
tape such as a metal evaporation (ME) tape runs on the magnetic head for a
long period. As shown in Fig. 5, if the gap material is formed of the Cr,O,

layer 8 and the SiO, layer 9, ill-balanced abrasion occurs in which the gap



easily decreases. However, if the borosilicate glass |ayer 7 having a
relatively small hardness is substituted for the Siderr] layer 9, for
exanple, the ill-bal anced abrasion can be elinminated as shown in Fig. 6.
Therefore, a stable running condition of a netal tape 10 and a stable head
out put can be obtained. Next, preferable conditions for heat treatnment in
the process of manufacturing the MG heag of the present invention wll be
descri bed. Thendtiessdprbotrindesfovein¢hé avagratici lagerxoi Mhegéfoss thechead oligadct
glass on Cr[err]O[err] is better than on the borosilicate glass, for

exanpl e, but easilprdeerédiab. OHIWEVeE if Ahdchirdairat gldwy idysali hhiingoh the

| ow nelting point glass is not desirable in view of sufficiently

mai nt ai ni ng t Bﬁa%@lys?sﬁﬁﬂgﬁ&%&?ﬂcesé @@F%éﬁiﬂﬁé@ f?th!fJ eior Biyek 1o, icfér B&Eﬁgfrl]é‘,bl e

to inprove the wettability of the glass for ow ng by ntrdducing
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process. The object of 1 nproving Ity o e gl"fass on
Crlerr]derr] | r can.be achieved. by introdugjng,th t nospher.e
cont ai ni ng ox?@%ﬁlﬁ&“&ﬁlﬁg cenditiop ‘%&%‘@F&t@@ﬁﬁ‘?%@ S?ﬂ@eg? QUpyf can
I ncreasing the tenperature for heat treatnment. Then, as shown in Fig. 7, a
heat treatnmenbe®B&iB8hducted in air at up to a tenperature Tc and the air
was replaced with nitrogen (nlierr]) flow while the tenperature of the heat
treat ment was i ncr é¥extd. pyefenahle wonditiompefontheat treatment dnrihe puecess of
mai ntai ned for 10 mnutes). The relationship between the wet angle of the
| ead gl ass ( ghessifactamiig thon MG teadgef3ths preseay inverithm @illl by deseribdédhe
Crlerr](err] layer and the air substitution tenperature Tc at which
nitrogen is Thd@owHbility oft ¥ bR melien@point@as>eidhiRdead glass on Cr,0, is
better than on the borosilicate glass, for example, but 1s worse than on the
Cr. A decrease of the flowability of the low melting point glass is not
desirable in view of sufficiently maintaining the gap strength of the MIG
head. Therefore, it is preferable to improve the wettability of the glass for
flowing by introducing an atmosphere containing oxygen (for example, air)
in the heat treatment process. The object of improving the wettability of
the glass on the Cr,0, layer can be achieved by introducing the atmosphere
containing oxygen below a certain temperature during the process of
increasing the temperature for heat treatment. Then, as shown in Fig. 7, a
heat treatment was conducted in air at up to a temperature Tc and the air
was replaced with nitrogen (N,) flow while the temperature of the heat
treatment was increased. (A maximum temperature of 510 C was
maintained for 10 minutes). The relationship between the wet angle of the

lead glass (glass transition point Tg=385°C) on the Cr layer or the Cr,0,

layer and the air substitution temperature Tc¢ at which nitrogen is



As a'result, the wet angle of the lead glass on the C[err]O[err] layer is
poorer than that of the lead glass on the G layer at a Tc of about 200 to
300[err]C, while substantially the same wettability of the |ead glass on
the Cr[err]O[err] layer as the lead glass on the C |ayer can be obtai ned
at a Tc of 350[err]C or nore -as shown in fig. 8. Taking consideration of
the actual condition of the heat treatmeny in defining Tc, it is preferable

to conduct theubsgtuleddst RO hir waséxahigedpher e cont ai ni ng oxygen such as
the air at least up to 300 to 350[err]C in the tenperature increasing

process. This tenpepgtiilgselt fl?é %ve%‘ 9 'of4hé Cleiicl“’glﬂsa&% thée ABSOL 18%eP R Nt

Tg of the low nmelting point glass. prefera e tenperature rénge S
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The present invention will be described belowin nore detail with reference
to the non-Ii &Pntpvex asthe deadglags pa the EW@WWW@M@&@&%%& as
shown in Figs 1 and 2 was manufactured according to ﬁrocess as shown in
Fig. 3. Mre opsuwireiasssHown in Fig.8n fRaking consideratiod afshe hetusdicondidion of and
a FeTaN | ayer having a saturation nmagnetic flux density Bs=1.6 T was used
as the magnet ithe ridagl treagnentl in Adefiming Torivsis| preféablid a8 scondunctithd heatt he
non- magneti c oxide, and a | ead glass having a glass transition point

Tg=385[err] C vasthead 1ﬁ%ntdtﬁuﬁbﬁ§& contslﬁuﬁg bxPERALsRAUY tHe aifA€ Tedshhup dol | M
i ncluding the borosilicate glass |ayer an

300 to 350C in the temperature increasing process. This temperature

differs according to the glass transition point Tg of the low melting point
glass. The preferable temperature range is (Tg—85°C) to (Tg—35°C).
Similar experiments were-conducted by substituting the SiO, layer and the
borosilicate glass layer for the Cr,O; layer. However, with these materials,
the same wettablity as on the Cr layer could not be obtained even by
increasing Tc to 510°C.

The present invention will be described below in more detail with
reference to the non-limiting examples.
Example 1

A MIG head having the structure as shown in Figs 1 and 2 was
manufactured according to a process as shown in Fig. 3. More specifically,
a Mn-Zn ferrite was used as the half-core 2, and a FeTaN layer having a
saturation magnetic flux density Bs=1.6 T was used as the magnetic metal
layer 1. Also, a borosilicate glass was used as the non-magnetic oxide, and

a lead glass having a glass transition point Tg=385C was used as the glass



the Crierr]err] layer was fornmed by sputtering. The thickness of
Crlerr]derr] was 30 nmand the thickness of the borosilicate glass was 50
nmin this exanple. For nolding the |ead glass 4, the heat treatnent
process was conducted according to a tenperature increasing and decreasing
process simlar to that in Fig. 7 with an air substitution tenperature Tc
of 350[err]C. More specifically, the heatlkreatnent was conducted in air at
up to 350[ err]foricord bendiagpeEaththin fith daciudtngdtlachsositiedtd flarsilayar andgen
fl ow. For conparison, a magnetic head having a conventional C/SiJerr] gap

nes manf act ured GG 199 kBTG bytipRufBRaDe! MhaAdaRAg of U, 0RGAS! 30

head havi ng t he above [err]Jerr]/borosilicate glass gap acc rdi ng to

this exanpl e 4?&3&15 r r |- .

di stribution of the gapﬁq%%%sg OSPE ?E%Itoﬁgg&%%;s i g%agoqoq?%gﬁ\é@rﬁév%%?glneél
magneti c heads. Fig.n10 shows t.he distribution of t | ength of the gap
material of the nmagH@ri E‘oﬂ‘ﬁﬁﬁshﬁ 1??1‘?sgl§§<soar4‘pltg‘.e hgafgﬁfag%%g*eﬁ%&ggcgs% iy 10,
variation in the gap material in this exanple (standar gevi ation: 0.01
[err] nm) is sfepdaetedyaeropdingatq Gnteimpqrﬁéu@oﬁ\f’é?ﬁﬁl%éln%g PLIRASIEE) BYoCess
(standard deviation: 0.03 [err]m. In the magnetic head in this exanple, a
good magnet i c syaplaxde thist andag. Riwithwan aivj anbstibntion temperature de fo%%-
magnetic netal |ayer due to heat treatnent. Stable head out put was

mai nt ai ned wi tMoxe specifiquilyt thesheat twéatmpantgeqs erndectenl inoaie at wipeton3iliet inc
nmetal |ayer even when a netal tape such as a netal evaporation (ME) tape
ran on this napbebinpehetage intreasingigofessiand then idaifilogen floe accuracy of
the gap length inproved, so that a M G head

For comparison, a magnetic head having a conventional Cr/SiO, gap

was manufactured. The gap length of this magnetic head and the
magnetic head having the above Cr,O,/borosilicate glass gap according to
this example was measured after heat treatment.

Fig. 9 shows the distribution of the gap length of the gap material of
the conventional magnetic heads. Fig. 10 shows the distribution of the gap
length of the gap material of the magnetic heads in this example. As
shown in Figs. 9 and 10, variation in the gap material in this example
(standard deviation: 0.01 z m) is smaller than variation in the conventional
gap material (standard deviation: 0.03 1 m).

In the magnetic head in this example, a good magnetic gap was
obtained without oxidation of the surface of the magnetic metal layer due to
heat treatment. Stable head output was maintained without the
protrusion of the gap material over the magnetic metal layer even when a
metal tape such as a metal evaporation (ME) tape ran on this magnetic

head for a long period.



having stabl e head properties was manufactured. As shown in the above
exanpl e, according to the present invention, the production yield can be

| nproved in comercially manufacturing the MG heads. Exanple 2 M G heads
were manufactured in the same manner as described in Exanple 1, varying the
thi ckness of the Cr[err](Jerr] layer and the borosilicate glass |ayer. The
total thickness of the gap material of 12he above two | ayers was 80nm _For
the magnetic heads Thwuss theaeduredy of the gapdengtbrimproved soi that @Md& head of
the magnetic netal |ayer of the nagnetic head, the presence of the

prot rusi on ofhavieg gtgbladteadi mlopetides whe mMdmufapeiredns Asrsholm iraghetbovédead,
and the flowability of the |lead glass were exam ned. The results are shown
in Table 1. Texahfpld, hetdrflingntd tH ipeka@tsinGehelsn,| fheepfdduction yield c@n bel0 20
30 40 50 60 70 80 borosilicate glass 80 70 60 50 40 30 20 10 O
Property Fi lijyfi%vé@td 8mmefcialld makufactirind'the MIG FeadsB B Gap protrusion
A A A AA A A A "Adass flow B A A A A A A
A A l\/agneti}gx?ngdszhavi ng the structure of Cr[err](Jerr]/Sierr]
substituted fOor tne above structure of Cr[err](err]/borosilicate gl ass
were simlarly man ured, varying the thickness of the Crl,errlOlerr]

| ayer and the Si OZM@%%‘P’"&? Y’ﬁ?‘éﬁyaé’d‘%ﬁ?t Fod 14 30 SAMCAFPRCHLRS gﬁs‘i’(}‘k‘l‘ﬁ%
DL o it lont < daobn che ektens of e GL60 155er b4 she Fordifisete ™

glass layer. The total thickness of the gap material of the above two layers

was 80nm. For the magnetic heads thus obtained, the condition of the film
oxidation of the magnetic metal layer of the magnetic head, the presence of
the protrusion of the gap material when the ME tape runs on the magnetic
head, and the flowability of the lead glass were examined. The results are

shown in Table 1.

Table 1
[unit: nm]
Thickness | Cr,O,4 0O |10 |20 {30 |40 |50 |60 |70 |80
borosilicate glass |80 {70 {60 |50 [40 [30 |20 |10 (O
Property | Film oxidation A |[A |[A |A |A |A |B |B [B
Gap protrusion |A |A [A (A [A |A |A |A |A
Glass flow B (A [A |A |A |A |A |A |A

-

Magnetic heads having the structure of Cr,0,/SiO, substituted for
the above structure of Cr,0,/borosilicate glass were similarly manufactured,

varying the thickness of the Cr,0; layer and the SiO, layer with an entire



Table 2 [unit: nm Thickness Cr[err]Jerr] 0 10 20 30 40 50

60 70 80 Siderr] -~ 80 70 60 50 40 30 20 10 O Property
Fi | m oxi dati on A A A A A A B B B Gap protrusion B B
B B B B A A A dass flow - B A A A A A A A A

In Tables 1 and 2, A indicates that the magnetic netal |ayer is not
oxi di zed, the protrusion of the gap is 1®ss than 10 nm or the | ead gl ass
flows well, agap Behgtli cdt 88 nmher Theeproperiiexnffthese Tabkpstid laeedls2 werbe
filmoxidation of the nmagnetic netal |ayer occurs when the thickness of the
borosi |l i cate gralastddosiarilaaly 49eb&ied) GHel rdsaltefaré sSha@nimTabld 2ss. Theref ore,
the thickness of the non-magnetic oxide |ayer such as the borosilicate
glass layer is preferably 30 nmor nore. Also, it is confirmed that the
protrusion of the gap nmaterial after long-tine use is controlled by using
the borosilicate glass |ayer as the nonrar[}xiggetlc oxi de | ayer, instead of
the SiJerr] layer. In this exanple, ickness of the gap material was
80 nm and the thickness of the non-magnetic oxi de was changed Y,Vlth'l n ﬁhi S’
range. However, the M G head of the present invention al so can ‘Hb‘t'a‘b"ﬁ} i ed
to a head ha Hﬂkﬁe&aDCr@ch of abq@t 21bef20 o flan e‘semat‘,@ vergg dre,
there is 14 no spefl ié upper limt for fhe fthidkness o
non- magneti c| oxi de | ay$i0, For exanpl (80 {[Ae Leperda it | BO B@s IhaD 2

[err] mwhen jhe !V!Ch'—*fl of the pregenti-nventHop—s—app-edtp—atrmgHetic
head havi ng a?’é‘é’ﬁr YengF nb‘?’ﬂﬂaflﬁr] A A [ATTA'[B B~

Gap protrusion |B |[B |B (B |B |{B |A (A |A

Glass flow B JA |A |A |A |A |A A |A

In Tables 1 and 2, A indicates that the magnetic metal layer is not
oxidized, the protrusion of the gap is less than 10 nm, or the lead glass flows
well, and B indicates otherwise.

As seen from Tables 1 and 2, the film oxidation of the magnetic
metal lay.er occurs when the thickness of the borosilicate glass layer or the
Si0, layer is 20 nm or less. Therefore, the thickness of the non-magnetic
oxide layer such as the borosilicate glass layer is preferably 30 nm or more.
Also, it is confirmed that the protrusion of the gap material after long-time
use is controlled by using the borosilicate glass layer as the non-magnetic
oxide layer, instead of the Si0O, layer.

In this example, the thickness of the gap material was 80 nm and
the thickness of the non-magnetic oxide was changed within this range.

However, the MIG head of the present invention also can be applied to a

head having a gap length of about 2 u m, for example. Therefore, there is



m Exanple 3 M G heads were manufactured in the same manner as described in
Exanpl e 1 except for using an electrical discharge processing. This MG
head has such a feature that the track width is controlled by the

el ectrical discharge machining as shown in Fig. 11. Mre specifically, the
manuf acturing nethod of this MG head is different fromthat of Exanple 1
in that a low nelting point |ead glass & first nmolded in a back groove,

t he el ect ri cahodipecifier gppemhihiitiforg the thiekdesst efitiononansgmdtid ogideheyer.ack,
and then the low nelting point lead glass is nolded in the track grooves in

the step of FFgr efafmle, thd e lanid o 188Rthard 2 W6E Vehért tha MIG hieAd of thegh
accuracy was obtained simlarly to Exanple 1 by using the gap material of

the structurepidsenbigberdtify % ;{eﬁ’ﬁe]dqoea{ Exlaérféifi%rlﬁaarl?a‘giﬁ% % %Lfnﬁ 1RGEh P 1

borosilicate gl ass |ayers. | nventi on may be enbo ot her forns
wi thout deparfjng fromthe spirit or essential characteristics thereof. The
enbodi nents disclosed in this application are to be considered in all

respects as ilJustrative and not |limtative, the scope of the invention is
i ndi cat ed by nded clains rather than by the foregoing description,

and all changes which cone within the neani ng_and range of equival ency of
the clainms are int HdGdhaasspeerempprutastyned,ia; the same mapnar asglesembatm | S;

1. A magnetic_head of MG type conprising a gap material in a nmagnetic gap,

t he gap mat er Exampderréxept) foronsinggre electmical dlischayge processing. This MIG
head has such a feature that the track width is controlled by the electrical
discharge machining as shown in Fig. 11. More specifically, the |
manufacturing method of this MIG head is different from that of Example 1
in that a low melting point lead glass is first molded in a back groove, the
electrical discharge machining is conducted for controlling the track, and
then the low melting point lead glass is molded in the track grooves in the
step of F1g 3 (¢). In such a MIG head, a magnetic gap having a high
accuracy was obtained similarly to Example 1 by using the gap material of
the structure in which the Cr,0O, layers are held between the borosilicate
glass layers.

The invention may be embodied in other forms without departing
from the spirit or essential characteristics thereof. The embodiments
disclosed in this application are to be considered in all respects as
illustrative and not limitative, the scope of the invention is indicated by the
appended claims rather than by the foregoing description, and all changes
which come within the meaning and range of equivalency of the claims are

intended to be embraced therein.



whose main conponent is SidJerr], and Cr[err]Jerr] layers held between the
non- magnetic oxide layers. 2. The magnetic head according to crarmi;—

wherein the non- nagnetic oxide | ayer whose main conpogﬁmml e s a
silicate glass layer. 3. The magnetic head according t Wﬂmﬁmum“
the silicate glass layer is a borosilicate glass |layer. 4. “Thé nagnet IxC
head according to claim1l, wherein the ¥on- nmagnetic oxide | ayer whose nain
conponent i s WHAThHESCRAIMERASss of at |east 30 nm 5. The nmagnetic head
according to claim1l1, being obtainable by form ng a magnetic netal |ayer, a

non- magneti c oxi de {agemaphiese Hvadno MICOHEY complisideear $gap angtezial in a
Crlerr]derr] layer in this order on each of a pair of half- cores, and

bondi ng the paideretichghp, ¢RE Gapl tnfREAI %Hfgriéﬁhé hyoh-Riipdetid Gitids Slagefd,ened

by heating so that at ['east a part of the [err]O[err] layers are in

contact with , ti WA b | naMerein

t he bondi ng gﬁglg)ge ﬁggﬁgcgop?gg&?tnggggﬁﬁt&g%%&f%grgfesd?’%an g%)vg%%ir ?}‘%“‘igp The

magneti ¢ head according,tp claim5, wherein the nmain conponent of the

bondi ng gl ass™agNeHE 0xMe IRYFE - hod for nmanufacturing a magnetic head of MG

type conprising the steps of: , 16 formng a mag%etic netal .l ayer, a

non- magneti ¢ oxi de Fayde Wmageticahead ArsovHAE tos cigley dy yherglp the mon-

Cr[err]Jerr] layer in this order on _each of a pair of half-cores; and
magnetic oxide layer whose main component 1s SiO, is a silicate glass layer.

3. The magnetic head according to claim 2, wherein the silicate glass
layer is a borosilicate glass layer.

4. The magnetic head according to claim 1, wherein the non-
magnetic oxide layer whose main component is SiO, has a thickness of at
least 30 nm.

5. The magnetic head according to claim 1, being obtainable by
forming a magnetic metal layer, a non-magnetic oxide layer whose main
component is Si0,, and a Cr,0, layer in this order on each of a pair of half-
cores, and bonding the pair of half-cores to each other with a bonding glass
softened by heating so that at least a part of the Cr,0, layers are in contact
with each other.

6. The magnetic head according to claim 5, wherein the bonding
glass has a softening point of not more than 500°C.

7. The magnetic head according to claim 5, wherein the main
component of the bonding glass is PbO.

8. A method for manufacturing a magnetic head of MIG type

comprising the steps of:



bondi ng t he pai-+—ef—hatf=cores—to each other with a bonding gl ass softened

by heating so T t part of the Cr[err]derr] layers are in
contact with :;;i m GE 1Hﬁt<| ne a nmagnetic gap with a gap nateri al
conpri si ng t heyton-® ide layers and the Cr[err]derr] layers held

bet ween the non- magnetic oxide layers. 9. The nethod according to claimS§,
wherein the bonding glass is softened bls heating the bonding glass in an

at nospher e cont ai nifogminy gemagheti® atdtal hyehen hohlmubndtid exideriayer &hossge:
Tg-85[err]Cferr] T[err] Tg-35[err] C, wherein Tg is the glass transition point
of the bondi ngagh asmpoRdnt EBOTEARIRY GO IR tRiLordeRof cabAYre ;gm%%
non- magneti c oxi de | ayer whose 'mai n coﬁp%nent Is SIQ2 1s a silicate gl ass

| ayer. 11. T i d cording to claim10, wherein the silicate gl ass

| ayer is a bgjr;%lg‘ié ?%éflgagl ass layer. 12. The nethod according to claimS8,

wherei n the non-magnetic | de.l ayer ose nmain c onent is SiO[er has a
t hi ckness of at | eg’s"[ndﬁ'bg ﬁﬁ? ppar O%{ﬁ@l%%&o é"@g%rog “flgh(?l 5??#%1,% ?ein

t he bondi ng glq%ss ab;a softening pai nt of not pnore than 500[err]. 14. The
met hod accor diohtpned by heaking sotlatatieastea partofthafon@niavsrs ake iy sorfiash
glass is PbQO

with each other to define a magnetic gap with a gap material comprising the
non-magnetic oxide layers and the Cr,0, layers held between the non-
magnetic oxide layers.

9. The method according to claim 8, wherein the bonding glass is
softened by heating the bonding glass in an atmosphere containing oxygen
at least in the following temperature range:'

Tg—85°C=T=Tg—35C,
wherein Tg is the glass transition point of the bonding glass.

10. The method according to claim 8, wherein the non-magnetic
oxide layer whose main component is SiO, is a silicate glass layer.

11. The method according to claim 10, wherein the silicate glass
layer is a borosilicate glass layer.

12. The method according to claim 8, wherein the non-magnetic
oxide layer whose main component is SiO, has a thickness of at least 30 nm.

13. The method according to claim 8, wherein the bonding glass has
a softening point of not more than 500°C. .

14. The method according to claim 8, wherein the main component of

the bonding glass is PbO.



