;e3ea(Z6TTA®4 S E P 2Q02 *166166* 1 MAGNETI C HEAD AND METHOD FGR

MANUFACTURI NG T present invention relates to a nagnet i'c"h%fa{’dz@?]d
a method for ﬁm l m the sane. More particularly, the present
i nvention rel (metal in gap) magnetic head that is suitable

for recordi ng and*®@gf oduci ng i nformation at high density in a magnetic
recordi ng medi um having a high coercive force used in systens such as

i ot ot SN SERCRERTED ABITRINPOR LAV BN iR

that is suitable for high density magnetic recordi ng and reproduci ng,
magneti ¢ heads that use nagnetic netal nmaterials such as a Co-based

anor phous filmand a Febased nitride filmhaving a higher saturation
magnetic flux densiThg Besemamventionr yelatesdtoer mdgnesicpeesidanng avnGthed der,
have been devel oped increasingly. The M G magnetic head generally has a
struct ure i nnvdmufactunimgthe isaneet Moreayartidilatgyvihegpreshnt imwattivmtélates
magnetic flux density is formed on a half core 22 of a ferrite that is a
magnetic corgg aaMI@QW@tdlningﬁlpgoﬁﬂl-gnétim tatoRPs@bahls for Pétsidindeideen
t he magnetic netal |ayers 21. nventionally, the gap material in the

magnetic gap rgﬁmfa%n% ?ﬁﬁ)i‘ﬁﬁa\b‘foﬁ A h‘@} g@@g& q&hﬂlﬂé‘%&gﬁ r%%fg{’%egﬁldgum

bet ween Si 02 layers as shown I n vi ew of

cach ot ner itk 4dgh Sheldfe Mt E8Fon LORCUE i PR FAGIT RO GO

for manufactuying the conventional MG head wll be "4 SEP 2002 2
descri bed beff)ﬁﬁﬂ%eﬂ'ﬁ' reference to Figs. 14 (a)-(fj. First, a w nding groove
32 and a back gl ass groove, 33 arg,forrred in a ferr] core 31 (Figs. 14 (a)
and (b)). Then, trHmegneticetecordingsyiemssych o angd1dataysgepmessi ng
surfaces 35 are ground (Fig. 14 (c)). Furthernore, a nagnetic netal |ayer
21, a Si 02 | higherodensificataorcis regeireds Asen agnedid headithabigienitablg fayy
sputtering on a region of the core 31 including the gap-facing surfaces 35
(Fig. 14 (d)higlAdpasity aiagradtic meovedingrmnshiragrodugiayg, medgreital héalst thas dser med
are butted agai nst each other so that the gap surfaces face each other, and

a | ead gl assmdfrieticPi@éSdnidtefinR GHAOWE PAF-bass al@phdds (A and a Fe-
Furthernore, the lead glass 24 is nolded on the Cr | ayer 28 by heat

treat ment t op R, thRIE Bading £ Rikt da@uimin atoHeRicans: AaRaeABRahahFi 0.

14 (f)). The heat treatnent for bonding the half cores to each other is
conducted in i r . ' j f : etic
nmetal |ayer 3%%‘%1@%@%@@%3}%%1&%mgg%gg% }E{g’% llsps%hg%%de?(g)eg lg%e eSte gined
head chip core w a_predet enm ned azi mut ngl nd_the siiding
e P2 AR GERIC R0 PR, ReBR a1 pghtc' B

surface is ground ni's

conventional structure owever, the accuracy of .the magnetj.c p length is
not suffici eMAERRHCIRELIBHER £1 hiavape aBiEhctdipF atioman aERells fIfx sy 2
inventor's analyzing these problenms, it has been found that in the _
convent i onal fogapden ahalf-coner? ofea farrite that e manetisLore, 419 shosypyin Fig.
non-uni formy by the residual oxygen during the heat treatnent and by the
oxygen in thé2] ol megnetig gppidh id pravidgdabetvween the magngticimplad flavers@l.oxi de
29, causing vol une expansion as shown in Fig. 15. Since the thickness of

t he i nper f ecConxemigoAly, ha@apumiatenal) inatlraoagneticgap 26 had aStEugtuzéda 3 26
having a stable | ength cannot be obtained. The netal Cr is used as a gap
mat eri al f or whigh séetabCt hgysvetdsadid héM ftwicba Sie)?dagdxasza, 24.shoivroinl ¥Fig.he
Si02 layer is used without Cr, the flowability of the |lead gl ass 24 worsens

as shown in £309which i$ant &8brged Yidw Drant S8R fRE 25ef RRARMEGI ReLRNNOL
be obtained. It is an object of the present invention to provide a magnetic

head of MG WA ' i | R0 YwWlH B
ensuring the'i‘)s{?(r?lggg%lq{ggfﬁt%gqﬁ)gggaéﬁi%g.cwlottm?ﬂs ano%lﬁe%rda%%jgéeg?’vg t}LeaSpiriesent
i nventi on tolo%r%\éilﬁrelg%oﬁ?é hod for manufacturing such a magnetic head of MG
type. )

A method for manufacturing the conventional MIG head will be

*G00DO2*



According to the present invention, a magnetic head of MG type is,'pg@yiéa@ld
that conprises a gap material in a nagnetic gap, the gap materi al

conpri sing non-magneti c oxi de | ayers, whose main conponent is Si02) and

Cr 203l ayers hel d between the non-magnetic oxide |ayers. According to the
above magnetic head of MG type in which the Cr203 layer is substituted for
the C layer, deterioration in the accupacy of the magnetic gap |length
caused by the, partial and non-uniform oXj.datjon of t ap material can be
control I'od wiiPerbd helBhapth e iprsred oS 10t bs 3irdad Srudoeed® ,

t he process of manufacturing the magnetic head is ensured. Also, the gap

| engt h can bedppedisshagk glass gregyve ﬁgc@@s@rmé igr 2dermigyeqre Bl €Higst Aht@hl | y
transparent so that light reflection does not cause difficulties as it does
when the Cr laagetb)).s Then. tratle gropres\Bdnare farmedhim lucerrac3l ehdidap-fpapg

| engt h and t he nmeasurenent accuracy inproves the production yield of the
magnet i ¢ headsirfficeatdbyareAgoand (Rigt 4 (O piresthoimofy,eniaphetiz metdiddyéor
manufacturing a -' 4 S E P 2002 4 magnetic head of MG type is provided

that conpriseq, thgio} ar$eoR7f and AICA 18PANEBI £reMRirdled AY Ghis drdéNeBAREL I C
oxi de | ayer whose main conponent is Si02, and a Cr203 layer in this order

ot her wi th a BoWATALE O 26QBRRE ARSI IRIMELPA L SRLRR B o7

other with a gl ass tene y hea st a part of
the Cr203 | ayprs af exl N gant.ac hih each other to define a. neki.c p
with & gap mitiei e EbmKIEiRgt Bl ROl EhE o dpchtdda LR et

Cr 2031ayers hel etween the non-magneti c,oxide |ayers, In thi

manuf act ur i narﬁgpﬁ%l, BFNPL LI ERBP hef o eisy ﬁa%@ca@agg offier apddned
by heating the bondi Qg gl ass i.n an atnosphere, containi n% oxygen at least in
the fol | owi néeadkaissatddiie Plagedein thy ggoveRor§lonscligel4i®) Tgl nsthesmogeass
transition point of the bondin | ass. This preferabl e manufacturing nethod
i nproves t he the dewbglaiss 2408 mdgegloasﬁh.e Cihleayab 28 rhyginestti tee bt ered todyaard Wieose
mai n conponent is SiOz is preferably a silicate glass Layer, and nore
preferably acbrsoat theatap ¢b assnhfayture e gapped Heari (HighdHaffped Thler heaton of
the gap material occurs |less easily than when the Si02 glass is used, so

that a stabl erdi@afbrRUbPHbnGIMR the 1f-8dre8do ehth behdiiglcehatttedtilal nithsgen
non- magneti c oxi de | ayer whose main conponent is Si02 has a thickness of at

| east 30 nm HEGRUSER BRSAKtERbLARLBhH dfiRc TRIARII CmEBIALytAYE! AfRrRBis

controlled. I't is“preterable that the bonding glass is a low nelting point

gliass havingf2ahbSPganlnt. &l B pIRIGCLAAN PROG ANt BNy RRECAI 621 1Y

a - 4SEFP ass whose nai‘h‘conponen Shows ¢
perspecti ve Y RkuRe AR Bl MR e SRRl e
head chip.

In the MIG héead 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



of the sliding surface of the magnetic head of MG type of the preseskp 2002

I nvention; Figs. 3 (a)-(f) show a nethod for manufacturing the nmagnetic

head of M G type of the present invention; Fig. 4 shows changes in the

| ayer thickness of Cr and Cr203 after heat treatnent; Fig. 5 shows the

abrasion condition of Cr203/Si Oz used as a gap material; Fig. 6 shows the

abrasion condition of Cr203/borosili catg gl ass used as a gap material; Fig.
[

ead g1 ass orthmEing TroRL: (RIER PREOLBRAPEHBRY for hoat treatnent in Fig.
7; Fig. 9 shows the distribution of the gap |length of a magnetic heb%i
having a convent i onidte B&paler i nead 2% 2 gapspaterigtifgr improyipgdhe pettabihity
distribution of the gap length of a magnetic head having a gap material of
Cr 203/ bor osi lafcthee legpadisdasFidf. 18 ohbyndhe hBiQmipweri ts gepd awtthaupoCr,i the near
t he magnetic gap of the sliding surface of another magnetic head of MG
type of the fiesability ofethid bond glasss24 woizang as shown in Fig. 16, so that a
sufficient strength of the head chip cannot be obtained.
It is an object of the present invention to provide a magnetic head of
MIG type having a magnetic gap with improved accuracy while ensuring
the strength of the head chip. It is another object of the present invention
to provide a 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,O,4layers 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 so 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



6 Fig. 12 shows a perspective view of a conventional nmagnetic head pfSeEM 8§02
type; Fig. 13 shows the magnetic gap and a portion near the magnetic gap of
the sliding surface of the conventional magnetic head of MG type; Figs. 14
(a)-(f) show a nmethod for manufacturing the conventional magnetic head of
MG type; Fig. 15 shows the magnetic gap and a portion near the nagnetic
gap of the sliding surface of a conventional magnetic head of MG type

having a Cr layer that |s idi zed i npeffectly and non-uniform,y; and Fig.
16 shove a pdheBRRts 3%&4/9@%&tyger}agﬁ%‘flﬁegﬁéaﬁchW@ {RfpteRA8f ITIBSAI ng
with glass is not sufficient. The preferred enbodi nents of the present

i nvention wi IMmagretgenetablayend ponwmagnatir eidedayarovhese maznicagponppivis er
the foll owi ng enbodi ments are not intended to limt the present invention.
In one enbodiSiBat and aaCrg@alayer igathic Mrder mageadti of hepalirodf halé-cpress enmtd

invention as shown in Fig. 1, half cores 2 of a ferrite, that are magnetic

cores, are booddihgdilidpairlofhdlfdtoass técasthotlieriviisha bawling lglaszgsofieined, by n a
manner simlar to that of the conventional MG head. Gapfacing surfaces

defining a mgaeisCsodeihtoattRAsOh GAtE oP @hé ICHO, I Bferkhclifadndh@swith eay ch
bonds the hal f-cores to each other, are previously for ned in the half core

2, e 3,0 \5 gl Ltk BN AR L PR R
e o Db el e B P B B Y i,
‘2e~v porti On%xI erlr;ggrsr?ear t he gap-facing surfaces.

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—35C
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 SiO, glass is used, so that a stable head output can be
obtained.

It is preferable that the non-magnetic oxide layer whose main
component is Si0, 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



As shown in Fig. 2, which is an enlarged view of the sliding surfacgcp %2
the MG head in Fig. 1) the Cr203 layer 8 is substituted for the C layer
inthis MG head. The gap material in the nmagnetic gap 6 has a structure in
whi ch the borosilicate glass layer 7 and the Cr203 |layer 8 fornmed on the
half core 2 are in contact with each other, so that the Cr20g |layers 8 are
sandw ched between the borosilicate glass layers 7. As shown in Fig. 3,
this MG head,basically can be manufactfdred by a procedure simlar to that
of the converﬁl?%‘é{ﬁoﬁmﬁ’é@w}%@nﬁﬁaﬁ}b -as shown in Fig. 14, except that
the borosilicate glass layer 7 is substituted for the Si02 |ayer 27 and
that the Cr203 | ay#ig.8l ishowatsspexapeetdve yiew tod acmagaptic lpgd oM etyrg of i s
preferred to enploy the conditions for heat treatnent described belowto

i nprove the thewaesdnttipveditiome gl ass 4, which bonds the half cores to each
other. In order to confirma change in the thickness of the Cr |ayer and
the Cr203 |ayer dufig.® theéwHehé ma@rtivegdp ahdtdpbicl feaetlee sidpnecicathp 0 a
heat treatment in an electric furnace used for manufacturing the M G head.
As a result, oftthwedidiap! surfRék bhahe Magnbfathddde st MG %?ﬂ@db'fltﬁéi Pes&R0C
for ZO mnutes, for exanple, the C |ayer shows about 70% i ncrease in

t hi ckness Vmﬁxlxﬁaﬂtlftﬁrq 203 |l ayer shows little or no change as shown in Fig.
4, O is turned Iintd Cr inperfect oxide so that it expands, while Cr203 is

al ready oxidi zed sg.that, I | une | bstant | all tant. This ul t
shows that the useﬁbés't%ﬁg}'@ﬁggwlaa?gkﬁ?(fly%r r%‘ég?r‘éga%@f‘ﬁ%ggﬁ%“g érfeﬁlechlﬁaé??fzad
does not caui&(g change in the thickness of the layer due to heat
treatment, type-o SENLHIEREON, stabl e gap | ength can be obt ai ned.
Thus, the Cr203 layer is substituted for the C layer in the M G head of
the present inventFith.4 ehpwp chemgenantthedayer dhickaess #5Cn apd t@yOp @ftatose
used in the above enbodi nent. For exanple, the half core is not limted to
ferrite, andheahtreatmentmagnetic oxi des may be used. In a pair of half
cores, at |least one half core should forma magnetic core of a

ferromagneti c oxi dBig./A showishttiee absadion | domditadn af €000, hesddead glgaps f or
bondi ng the half cores to each other. A low nelting point glass having a
sof teni ng poitepial;not nore than 500C is preferably used. Wile FeTaN is
illustrated as the magnetic netal |ayer, other magnetic materials such as
Co- based anor phousyg; ?Mﬂ, 2Bl 5 , . { : i

magnetic netal | aylé‘}g?@ so,stgﬁgifg1 E&?és%%goﬁ?ﬁlﬁﬁgtgils gﬁzl{%"’wggﬁltcﬁg@ggsgslii%acat e
gl ass | ayer. non- neti.c oxi de |ayer whose nmin conponent is Si Oz can be
used. A ¢l asg@rﬁe&?a rm\%% 1gaed’mai n conponent is Si02, such as a Si02 gl ass

| ayer, an al um nosL, [ | ass;.]. r t&gsotda- Iti,rre silicate glass |ayer,

| icate .l.aye 0
is preferably used s tH¥ o‘f?-nr?{étdﬂ%?fdc“b% CHWE In view of the abrasion
of the gap material,, it is preferable to,use . a siJicate glass.far th
non- magneti ¢ oxi dg%’r%ﬁe?hqvﬁs &%W@ﬁ@%oﬁgﬁlﬁ}@égf@ﬁs PRLCEAR r%rzg)ar}“ﬁg"eri al
from becom ng excessively high by using G203, having a higher hardness
than Cr. Theg@eagmﬁatlenséwhaaﬁﬁxgalane@%bﬁ‘g-ﬂély hi gh hardness tends to
cause ill-bal anced abrasion, for exanple, when a netal tape such as a netal
evaporation (ME) tBige & shewsonhe hestmgtem of Hemdapdength ofig megnetdc haadshown
in Fig. 5 if the gap material is forned of the Cr203 | ayer 8 and the Si 02
|l ayer 9, i llhheimng eschwhrtasiadgapanatesidlofWwsiO,l he gap - ~SEP 2002 9
mat eri al protrudes over the magnetic |ayers. Therefore, the head output

easi |y decreases. Fpwaeshowd tHd@isbAbasibhidTahe gipkngtiayeh Mabaviiohead
relatively small hardness is substituted for the Si02 |layer 9, for exanple,

the ill-bal aﬁggﬂlg@ggﬁinﬁ)&egpa@ o?@reﬂ)gaﬂ?@ﬂ&@ﬂﬁﬂtéélaﬁs@,om in Fig. 6. Therefore,

a stable running coidition of a nét tape 10 and a stabl e head output can

2fi ?rgltnﬁ:‘ QE? o ng (e ﬁzﬁlé%ﬁg’g&fgﬁﬂ?%‘é&%? é%%lﬁbdfbﬁé‘ér%ﬁ“ﬁﬁéfﬁﬁ haeheBeRRice "
T ili .t i i 203
o et ot it b e pLardrBP s R RN 1R BT P80,

the Cr. A decrease of the flowability of the |ow nelting point glass is not
desirabl e i n"™WEEKOB sufficiently maintaining the gap strength of the MG
head. Therefore, it is preferable to inprove the wettability of the gl ass
for flow ng by introducing an atnosphere containing oxygen (for exanple,
air) in the heat treatnment process. The object of inproving the wettability
of the glass on the Cr203 | ayer can be achieved by introducing the

at nosphere cont ai ni ng oxygen below a certain tenperature during the process
of increasing the tenperature for heat treatnment. Then, as shown in Fig. 7,
a heat treatnent was conducted in air at up to a tenperature Tc and the air
was replaced with nitrogen (N2) flow while the tenperature of the heat

e B S e B Y AN~ o - [



As a result, the wet angle of the |ead glass on the Cr203 |ayer is %%8;@'
than that of the |lead glass on the Cr |ayer at a Tc of about 200 th 0 ,02
while substantially the sane wettability of the | ead glass on the Cr203

| ayer as the lead glass on the Cr layer can be obtained at a Tc of 350C or
nore as shown in Fig. 8 Taking consideration of the actual condition of
the heat treatnent in defining Tc, it i% preferable to conduct the heat
treatment in an atqmspherge containi ng.oRygen such as the,air at.l|eas pto
500 10 350C i 't he IRBRDLFAPHRE FHBPELREo oo Cenrono) dhfbereic FaRdiot P or <
according to tP(S: glass transition point Tg of the |Iow nelting point glass.
The preferabIM d¥perature range is (Tg-85C) to (Tg-35C). Similar
experiments were conducted by substituting the Si02 | ayer and the

borosi | i cate gl ass Rigy®3 shows the mag2esicigapeand ppaetien near the niegyetic gap
materials, the same wettablity as on the C |ayer could not be obtained
even by i ncr efishaglidéng suidaeof (Heecopiveatiohal magnetio headldf MEG dgser i bed
below in nore detail with reference to the non-limting exanples. exanple 1

A M G head havi ng Higs.St4 ¢OLHS Shéw S ReWRol ToF infi$ndfadiitkidg WAe domRuheaiehHl ed
according to a process as shown in Fig. 3. Mre specifically, a Mx-2Zn

ferrite was qﬁﬁ%néﬁc h8&a BAMICEgfR; 2. and a FeTaN | ayer having a saturation

magneti c fl ux nsity Bs=1.6 T "was used as the nagnetic netal |ayer 1. ,

Al so) a borosilica . t - i i . ead
gl ass having a gl aﬁg'ﬂgﬁ?‘&?%&%ﬁ‘%&ﬁﬁé&?&%} %gggﬁgéggggﬁf‘%glag@a%glscagdp- 4 S
E Plu(~;, mfar,core.bonding. Each thin fil mincludin rosjili.cate

G ass | ayer Shin¢ ALk BR TG, of s fuvehsiona) mpeis Betf e B AELS o
Cr203 was 30 nm and the, thickness of the borosilicate glass was 50 nmin

t his exanpl e Crigyentha wwmi’@e&é@@egfeﬁﬂg and aoqsuRdarmly; andrent process was
conduct ed accordi n%ﬁéo a tenperature increasing and decreasing ]%ocess
simlar to that inFig.gl6 Bhaivsha aerspectivabsewt eff # snageetpe headrad NMdGotymsoc.
More specifically, the heat treatnent was conducted in air at up to 350C in
t he tenper at wlereicbeadingowithagdessisand sulfifcients ni trogen fl ow For
conparison, a magnetic head having a conventional C/Si02 gap was

manuf actured. The gap }peeﬁatriﬁe@feﬁ;bbainﬁaﬁ@eMCtHweﬂea@ﬂt tiheABgACHIll Nead
havi ng the above Cr203/borosilicate glass gap according to this exanple was

measur ed af t gosighdd HekRY With - refé:@nced t8NNWS AFfiRindsSt HRMVeP N1 Ig?lgkﬁwﬂi?o

| ength of the gap material of the conventional magnetic heads.

shows the di '@-ﬂ%i . .. . i.al of the
magneti c heagisl{q n elﬁgs giea}rlrp lerg%&gﬁ‘g%}u?%h%ipgessgﬁglandﬁ gdd{a variation in
the gap material in this example (standard .deviatiQps 0.01 ~C i 'l er
than variation in ?‘hé’“&%’&ﬁﬂ?’?"&ﬁ{&i Oggpmﬁ%ﬁelpi &P w%&%f"%n%%(\:/ihg%flo‘if: a%?% ~
m. In the magnetic. head. in this exanpl.e, .a d magnetic ga bt ai ned
W thout  oxi dRFSSMEOTVERLOBUAS WY 18 HAE el ALL-E0TaL 410! By BRI a NS Hiat
treatnment. Stable head output was_ nmaintained without the protyrusion of the
gap nat eri al MASetiheoneEgAEe bended arith 4 laadeglass thekhichphaga logpan as a
netal evaporation (ME) tape ran on this magnetic head for a | ong period.
~ S E P 2002p¢intThnsa maenerc simday tofthaheofdhe tamvgnhionahMlfedheath tGap- a
M G head having stabl e head properties was manufactured. As shown in the
above exanpl cingcmrtliceg definiie apmageetic igapethindrgrobhe pprivdus farovheylealdd can
be inmproved in comercially manufacturing the MG heads.

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



Exanple 2 M G heads were manufactured in the same nmanner as described % P o
Exanpl e 1, varying the thickness of the Cr203 |ayer and the bor osi | ifC

gl ass layer. The total thickness of the gap material of the above two

| ayers was 80nm Fox the magnetic heads thus obtained) the condition of the
filmoxidation of the magnetic netal |ayer of the nagnetic head, the
presence of the protru3|on of the gap material when the ME tape runs on the

magneti c hea e fl.owabi tHe | ad gl ass were exam ned. The
results are i r*hli’%ﬁé‘efr til“é@%Botji‘c‘[“ﬁrﬁ“tr
Th|cknessC}20301020304050607080b0r05| i.cate

gl ass8070605040302d%0eirvenén £ye:i 3, mmﬁhdﬁﬂn@ﬁmﬂﬂmeébhe sliding surface 5

pr ot r usi onAAAAAAAAAG ass fl owB. AAAAAAAA Magneti ¢ heads having the structure
of Cr203/ Si 00f4heMIG dread indfigt hetheonO;dayardt isr substitatebforsbe 63 layenire

glass were simlarly manufactured, varying the thickness of the Cr203 | ayer
and the Si02 ﬂhaglMIG\AhtahdanThBtgapematen:ﬂ ifi theAnagfleti8gap 6 hangishruftufOimm
The properties of these magnetic heads were evaluated simlarly as above.

The resul ts agRichhthborosladlte dasd dfed 2 dndnihie OMW, layer 8 formed on the
Thi cknessCr 203010203040506070805i 0280706050403020100Pr opertyFilm

oxi dat i onAAAMMABEERGERD fHeOf BShARPRABBRAMAtASS o B EA layers 8 are

sandwiched between the borosilicate glass layers 7.

As shown in Fig. 3, this MIG head basically can be manufactured by
a procedure similar to that of the conventional manufacturing 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 result, 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,0O; 1s
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,
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be used. A glass layer whose main component is SiO,, such as a Si0, 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,4

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



~SEP ?pp2 15 WHAT IS CLAIMED IS: 1. A magnetic head of MG type
conprising a gap material in a magnetic gap, the gap naterial compii$ithglt?
non- magneti ¢ oxi de | ayers, whose nain conponent is Si02, and Cr203 | ayers
hel d bet ween t he non-nmagnetic oxi de |ayers, wherein the nonnagnetic oxide
| ayer whose main conponent is Si02 is a silicate glass layer. 2. The
magneti ¢ head according to claiml, V\/nerggi n the silicate glass layer is a

borosilicate I : e tit. head ac di tg claim]
wherei n ¢ ne Al Bekdgk oAyl ARk 1R85 ISR, Phd WRAE qgut,
t hi ckness of at.,least 30 nm_A4. The eti c head according t laim 1,

bei ng obt ai AR LISHERTg HOMEIREL o thet Mroplifare elat 1oPetyrlertink e

| ayer whose majn.conponent is Si02, and, a 03 layer in this_ order on each
of a pair of rﬁLﬂt%V lﬁﬁ&aﬁré}@aﬁﬁ%‘i‘ﬁd}%ﬁu S&tuﬁ% forothehép@z dpyeasOit for xampIeher
wi th a bondi ng gl ass softened by heating so that at least a part of the

Cr 203 | ayer s theallinlanerndagbragiorhcaade dimmated asEhowmaiynEig. . héBlwerabuer di ng
to claim4, wherein the bonding glass has a softening point of not nore

t han 500C. 6.a sthblerrgmeinigceonelationod argietrd tiapeclOaand 4, stabkr Béad batputadan
conponent of the bonding glass is PbO 7. A method for manufacturing a
magnet i ¢ heaghefbtMdedt ype conprising the steps of formng a nagnetic netal

| ayer, a non-nagnetic oxide |ayer whose main conponent is Si02, and a Cr203

llayer in this ordendgp ?@Qﬁr%leacd}ﬁiiﬁoﬁg #32! heRO122tmBRE in thé profedsd ¢0(!2
16 bonding the pair of half cores to each other wth a bondi ng gl ass

softened by Qﬁﬂ%ﬁg%%g?éi}?e dlg‘?f}lng‘gga & AR pr&¥ent NGvERAOS WAY 86 Sad¥finkd.

contact with eac

The flowability of the low melting point glass such as lead glass on Cr,0; is
better than on the borosilicate glass, for example, but is 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,O,

layer and the air substitution temperature Tc at which nitrogen is
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0& - 10% r & ( Pikdl@} repeyi®ddih & dne-conducted by substituting the SiO, layer and the

borosilicate glass layer for the Cr,0, layer. However, with these materials,
the same wettablity as on the Cr layer could not be obtained even by
increasing Te 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
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the Cr,0, layer was formed by sputtering. The thickness of Cr,0; was 30
nm and the thickness of the borosilicate glass was 50 nm in this example.

For molding the lead glass 4, the heat treatment process was
conducted according to a temperature increasing and decreasing process
similar to that in Fig. 7 with an air substitution temperature Tc of 350°C.
More specifically, the heat treatment was conducted in air at up to 350°C in
the temperature increasing process and then in nitrogen flow.

For comparison, a magnetic head having a conventional Cr/S10, gap
was manufactured. The gap length of this magnetic head and the
magnetic head having the above Cr,0Oj/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
Iength 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 £ m) is smaller than variation in the conventional
gap material (standard deviation: 0.03 12 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.
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MIG heads were manufactured in the same manner as described in
Example 1, varying the thickness of the Cr,0, layer and the borosilicate
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,0, 0 |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,0O,/borosilicate glass were similarly manufactured,

varying the thickness of the Cr,0, layer and the SiO, layer with an entire
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Thickness | Cr,0, 0 |10 (20 |30 |40 |50 |60 |70 |80
Si0, 80 (70 |60 |50 {40 |30 |20 {10 |O
Property | Film oxidation A A (A (A |A |A |B |B (B
Gap protrusion |{B (B (B |B {B |B |A (A [|A
Glass flow B /A |[A A [A |JA |A |A JA

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 layer 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 SiO, 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 m, for example. Therefore, there is
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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 Fig. 3 (e). 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,0, 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.
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2. The magnetic head according to claim 1, wherein the silicate glass layer is a

borosilicate glass layer.

3. 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.

4. The magnetic head according to claim 1, being obtainable by forming a
magnetic metal layer, a non-magnetic oxide layer whose main component is SiO,, and
a Cr,03 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;5 layers are in contact with each other.

5. The magnetic head according to claim 4, wherein the bonding glass has a

softening point of not more than 500°C.

6. The magnetic head according to claim 4, wherein the main component of the

bonding glass is PbO.

7. A method for manufacturing a magnetic head of MIG type comprising the steps
of:
forming a magnetic metal layer, a non-magnetic oxide layer whose main

component is Si0,, and a Cr,O; layer in this order on each of a pair of half-cores; and
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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,
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-35°C,

wherein Tg is the glass transition point of the bonding glass.

8. The method according to claim 7, wherein the non-magnetic oxide layer whose

main component is SiO, is a silicate glass layer.

9. The method according to claim 8, wherein the silicate glass layer is a

borosilicate glass layer.

10.  The method according to claim 7, wherein the non-magnetic oxide layer whose

main component is SiO; has a thickness of at least 30 nm.

11.  The method according to claim 7, wherein the bonding glass has a softening

point of not more than 500°C.

12.  The method according to claim 7, wherein the main component of the bonding

glass is PbO.



