NONVAGNETI C SUBSTRATE AND MAGNETI C HEAD USI NG THE SAME BACKGROG® * &= TRE
gNVENTICN 1. Field of the Invention The present invention rGhﬂfQﬁpﬂ
to a nonnmagnetic substrate and to a nagnetic head using the sane, and nore
specifically, relates to a nonmagneti c substrate having excellent abrasion
resi stance and processibility and to a magnetic head using the sane. 2.
Description of the Related Art A magnetic recordi ng and repl ayi ng
system such as a video tape recorder (VIR) or a digital audio tape (DAT),
whi ch uses a nagnetic tape as a recordi-ng rediumis provided wth a
magneti c head for recording and replaying the signal on the nmagnetic tape.
Additionally, a magnetic recording and reproducing system such as a hard
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magneti c heads, an el ectromagneti c-induction type

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a nonmagnetic
substrate and to a magnetic head using the same, and more
specifically, relates to a nonmagnetic substrate having
excellent abrasion resistance and processibility and to a
magnetic head using the same.

2. Description of the Relatgd Art

A magnetic recording and réplaying system, such as a
video tape recorder (VTR) or a digital audio tape (DAT),
which uses a magnetic tape as a recording medium is provided
with a magnetic head for recording and replaying the signal
on the magnetic tape. Additionally, a magnetic recording
and reproducing system such as a hard disk drive (HDD) or a
floppy disk drive (FDD) which uses a magnetic disk as a
recording medium is provided with a magnetic head.

Among magnetic heads, an electromagnetic-induction type
is predominantly used, which includes a magnetic core formed
of a high permeability material and a member such as a coil
that is wound around the magnetic core. Generally, in the
magnetic head of the electromagnetic-induction type, two

core halves, cut by machining from a bulk high permeability



i s predom nantly used, whi ch includes a nmagnetic core formed of a high
pernmeability material and a nenber such as a coil that is wound around the
magnetic core. Generally, in the magnetic head of the o
el ectromagneti c-i nduction type, two core halves, cut by machining froma
bul k high perneability o -2-
mat eri al, have been joined together to fabricate the nagnetic core.
However, with the recent tendency toward high-density recording, a
narrower track width and a narrower gap,w_dth have been required for the
magneti c head of the el ectromagnetic inauction type. In order to
nmeet the demands described above, use of thin-filmmgnetic heads has been
inpl enented. The thin- filmmagnetic head is fabricated by depositing a
magnetic tTRPFIIm AN hParyHiPaedednigethprate faboadatei teemateri al
thin filmon a nonmagneti c substrate such as a ceramc, and using a
thin-film RS DAFVShniltie vedeh vadhgtheererrRy tepdeneyn towandetic core
a magnet.i ¢ cggéﬁ dditionally, _multilayer nagnetic heads have been put

?g practi car gL ARG FaGATEPYeRe gars VASERCaR@R by depositing
magneti c trﬁék;é&ég;éggjéfg%ﬂiﬂgv%gbgghnge&ﬂigght%gkethgygégnetic head
of the electromagnetic induction type.

In order to meet the demands described above, use of
thin-film magnetic heads has been implemented. The thin-
film magnetic head is fabricated by depositing a magnetic
thin film having high permeability and a conductive ma;erial
thin film on a nonmagnetic substrate such as a ceramic, and
using a thin-film processing technique such as dry etching
to fdfm a magnetic core or a magnetic coil. Additionally,
multilayer magnetic heads have been put to practical use.
The multilayér magnetic head is fabricated by depositing
magnetic thin films and insulating films in multiple layers
on a nonmagnetic substrate to form magnetic .core halves and
joining magnetic core halves together.

In contrast., although only for replaying, magneto-
resistive heads in which a magneto-resistive element thin
film is formed on a nonmagnetic substrate are used mainly
for HDD systems.

Also, in the HDD system, a magnetic head is mounted on
the end of a nonmagnetic substrate block called a slider in
order to lift the magnetic head so as to be nearly in

contact with a hard disk.



on & nonmagnetic substrate to form magnetic core halves and jeining
magnetic core hal ves together. In contrast, although only for
repl ayi ng, nmagneto- resistive heads in which a nmagneto-resistive el enent
thin filmis forned on a nonmagnetic substrate are used mainly for HDD
syst ens. Also, in the HDD system a magnetic head is nounted on the
end of a nonmagnetic substrate block called a slider in order to lift the
magneti c head so as to be nearly in contact with a hard di sk
- 3- As the nonmagnetic substrate for the thin-filmmagnetic head,
the multilayer nmagnetic head, or the slider, MiOON O based doubl e oxide
has been known, for exanple, as disclosed in Japanese Patent Lai d-Open No.
62-22411. The doubl e oxide disclosed has an Nad crystal structure
cont ai ni ng MO ass atherajamagnresttiid weabistratablfbrgthepthienehlmimagnetic
processibility. The MO Ni O t wo- conponent doubl e oxi de, however, does
not al ways heaé, stli¢|muthilayensnagnettgd dtemdce oxo thet Isildderf,i MOd¥pOsi t ed
tape whi ch has been devel oped particularly as

based double oxide has been known, for example, as disclosed

in Japanese Patent Laid-Open No. 62-22411. The double oxide

disclosed has an NaCl crystal structure containing MnO as a

major constituent, enabling improvement in processibility.

The MnO-NiO two-component double oxide, however, does

not always have sufficient abrasion resistance to a thin-

film-deposited tape which has been developed particularly as

a high-density recording medium, in comparison with a

ferrite single crystal. Therefore, the thin-film magnetic

head or multilayer magnetic head having the MnO-NiO two

component double oxide as a nonmagnetic substrate or guard

material has a shorter life in comparison with a bulk head

or an MIG head having the ferrite single crystal'as a

magnetid core material. The problem is noticeable when it

is used, for example, in a low-temperature, high-humidity

environment.

SUMMARY OF THE INVENTION

The present invention solves the problems described
above with respect to the conventional art.

It is an object of the present invention to provide a
nonmagnetic substrate having excellent abrasion resistance

and processibility and a magnetic head using the same.



a hirgh-density recording nedium in conparison with a ferrite single
crystal. Therefore, the thin-filmmgnetic head or mul tilayer -magnetic
head having the MiO-Ni O two conponent doubl e oxide as a nonmagnetic
substrate or guard material has a shorter life in conparison with a bulk
head or an M G head having the ferrite single crystal as a nmagnetic core
material. The problemis noticeable when it is used, for exanple, in a

| owt enperature, high-humdity environnent. SUMVARY OF THE | NVENTI ON
The present invention solves the problenms described above with respect to
the conventional art. It is- an obyéd%'bf the present invention to

provide a nonmagnetic substrate having excellent abrasion resistance and
processibility and a magnetic head using the sane. _
- 4- A nonhegombagnestistswisteitd RE phespresentenhiveAtisn §gnposed of
NNO Tiderr], ZnO and CaO as major constituents and has ilnenite and
spi nel strucbmpesedsofiaNd®, cTY84,alZnO, and Ca0 as major constituents and
has ilmenite and spinel structures as major crystal
structures. The percentage of the total area of the
ilmenite crystalline domain and the spinel crystalline
domain occupied in the area of a given cross section of the
nonmagnetic substrate is 20% or more. The percentage of the
total area of the ilmenite crystalline domain and the spinel
crystalline domain does not have a particular upper limit
and may be 100%.

In view of processibility of the nonmagnetic substrate,
the remainder of the area of the cross section, other than
the total area of the ilmenite crystalline domain and the
spinel crystalline domain, preferably contains a CaTiO, phase
and a TiO, phase.

A magnetic head of the present invention includes a
magnetic thin film formed on a nonmagnetic substrate
composed of NiO, TiO,, ZnO, and Ca0 as major constituents and
having major ilmenite and spinel structures. The percentage
of the total area of the ilmenite and spinel crystalline
domains occupied in the area of a given cross section of the
nonmagnetic substrate is 20% or more. The percentage of the
total area of the ilmenite and spinel crystalline domains
also does not have a particular upper limit and may be 100%.

In accordance with the magnetic head of the present



structures. The-percentage of the total area of the ilnenite crystalline
domain and the spinel crystalline domain occupied in the area of a given
cross section of the nonnagnetic substrate is 20% or nore. The percentage
of the total area of the ilmenite crystalline domain and the spinel
crystalline domain does not have a particular upper limt and nmay be 100%
In view of processibility of the nonmagnetic substrate. the remi nder of
the area of the cross section, other than the total area of the ilnmenite
crystalline domain and the spinel crystglline domai n, preferably contains
a CaTi @B phase and a TiJerr] phase. ~ A magnetic head of the present

I nvention includes a magnetic thin filmformed on a nonmagneti c substrate
conposed of NNO Tierr], ZnO and CaO as nmmjor constituents and having
maj or i | medinvengddnspiinekistr oft preses3hbeipityentlagerensdfindes toft etlhear ea of
the ilnmenite and spinel crystalline domains occupied in the area of a

gi ven crossareacpifothef crhes sentignet pthenbthamtehe stEHL @rawraf thee
percentage of the total area of the ilnenite and spinel crystalline

domai ns ald&eadée ppd Baieed pavstalilireupprerins rialsmenehenadlyno%
' accordance WL WE T8 Mk o 418 Bhese
3 2

The nonmagnetic substrate and the magnetic head using
the same in accordance with the present invention may be
applicable to any type of head such as a thin-film magnetic
head or multilayer magnetic head, or may be applicable to
any use such as in a head for applying magnetic bias or a
slider for use in an electromagnetic induction type,
magneto-resistive type, or magneto-optical recording medium.

In accordance with the nonmagnetic substrate of the
pfesent invention, by setting the percentage of the total
area of the ilmenite and spinel crystalline domains at 20%
or more, abrasion resistance that is equal to or greater
than that obtained by a magnetic head using a ferrite core
can be obtained when a magnetic recording medium such as a
thin-film-deposited tape or a coated tape is used.

In addition, when the remainder of the area, other than
the ilmenite and spinel crystalline domains, contains a
CaTiO, phase having é perovskite crystal structure and a TiO,
phase having a rutile crystal structure, the processibility
during machining can be enhanced while maintaining abrasion

resistance.



-5- " invention, in view of processibility, the renmminder of the area of

the cross section, other than the total area of the ilmenite and spinel
crystalline domains, also preferably contains a CaTiJerr] phase and a
TiJerr] phase. The nonmagnetic substrate and the nmagneti c head using

the sane in accordance with the present invention may be applicable to any
type of head such as a thin-filmmgnetic head or nultilayer nmagnetic
head, or nmay be applicable to any use such as in a head for applying
magnetic bias or a slider for use in an _el ectronmagnetic induction type,
magnet o-resi stive type, or nagneto-optrcgl"recording medi um In
accordance with the nonmagnetic substrate of the present invention, by .
setting the percentage of the total area of the ilnmenite and spi nel

crystal | i ncBRDRR| PESCRIPULGN @OF MHE: DRAWINGSON resi stance that is equal to
or greater than that obtained by a nagnetic head using a ferrite core can
be obt ai ned wheFI& .ndgrst iac schemediingparrdpaot sve hvhsw avhidh nsHdwanaieposi t ed
tape or a coated tape is used. In addition, when the renai nder of the
area, ot hereX¥Bmle t9fe 3 Mk ilayard magnediicc heetdal Bhde domai ns, contains a
CaTiJerr] phase having a perovskite crgsta[ structure and a Tigerr]

phase having a G- & &y & schepatdeupdle vikeyrdetelsishavws \an dwampde

machi ni ng cap be enhanced whj | e nmintai ni ng abrasi on resistance.
of a magnetic head for a HDD.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A nonmagnetic substrate and a magnetic head using the
same in accordance with the present invention will be
described with reference to FIGs. 1 and 2.

FIG. 1 is a schematic perspective view which shows an
example of a multilayer magnetic head. A magnetic head 1
shown in FIG. 1 is fabricated by joining together a pair of
magnetic core halves 3 in which a multiléyer magnetic film 4
formed of high-permeability magnetic thin films and
insulating films alternately deposited is sandwiched between
nonmagnetic substrates 2. A magnetic gap Gp is formed in a
sliding surface 5 facing a magnetic recording medium (not
shown in the drawing). A track width Tw of the magnetic gap
Gp is determined by the thickness of the multilayer magnetic
film 4. Also, a contact width Cw of the sliding surface 5
with the magnetic recording medium is determined by the
total thickness of the multilayer magnetic film 4 and the
nonmagnetic substrates 2. An opening for winding 6 is

formed on the joining face of one of the magnetic core



-6- - BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic
per spective view which shows an exanple of a nultilayer nagnetic head; and
FIG 2 is a schematic side view which shows an exanple of a nagnetic head

for a HDD. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS A nonmagnetic
substrate and a magnetic head using the same in accordance with the
present invention will be described with reference to FIGs. 1 and 2.

FIG 1 is a schematic perspective view which shows an exanple of a

mul tilayer magnetic head. A nmagnetic head 1 shown in FIG 1 is fabricated
by joining together a pair of mnagnetic core halves 3 in which a nmultilayer
magnetic film4 formed of high-perneability nmagnetic thin filnms and
insulating films alternately deposited is sandwi ched between nonmagnetic
subst r at es alvesrigrist iordgap tEpcostiolnadgap Gepth iRy ef sthd awagrefiaxi ng a

magneti c recording medi um (not shown in the drawing). A track w dth Tw of
t he magnet igapg&@p and to wind up a coil (not shown in the drawing]).

By applying the nonmagnetic substrate 2 in accordance
with the present invention to such a multilayer magnetic
head, a magnetic-head having excellent abrasion resistance
and processibility can be obtained.

FIG. 2 is a schematic side view which shows an example
of a magnetic head for a HDD system. A magnetic head 1 in
FIG. 2 includes a nonmagnetic substrate 2, which is a
Winchester-type slider, and a magnetic head element 7 is
affixed to an end of the nonmagnetic substrate 2. The
magnetic heéd element 7 may be of an electromagnetic-
induction type or a magneto-resistive type. The dashed line
in the drawing-représents a groove formed in the
longitudinal direction of the sliding surface of the
‘magnetic head 1.

By applying the nonmagnetic substrate 2 in accordance
with the present invention to the magnetic head 1 for the
HDD system shown in FIG. 2, a magnetic head having excellent
abrasion resistance and processibility can be obtained.

The nonmagnetic substrate qf the present invention can
be produced by a conventional method.

That is, commercially available NiO powder, TiO, powder,
ZnO powder, and CaCO, powder were weighed so that NiO, TiO,,

ZnO, and CaO were at predetermined proportions, and were



G i-s determ ned by the thickness of the nmultilayer magnetic film4: Al so,
a contact width Cw of the sliding surface 5 wth the nmagnetic recording
mediumis determned by the total thickness of the multilayer magnetic
film4 and the nonnmagnetic substrates 2. An opening for winding 6 is
formed on the joining face of one of the nagnetic core

-7- hal ves 3 in order to control a gap depth Dp of the nagnetic gap &
and to wind up a coil (not shown in the draw ng). By applying the
nonmagneti c substrate 2 in accordance _Wwgth the present invention to such a
mul tilayer magnetic head, a magnetic head having excell ent abrasion

resi stance and processibility can be obtai ned. FIG 2 is a schematic
si de view which shows an exanple of a magnetic head for a HDD system A
magnet i ¢ hemixddi with Gure jwaten deingh@ddegnefior 2dbbopxsein, anhath is a
W nchester-type slider, and a nmagnetic head elenent 7 is _affixed to an end
of the nonnmaiyhbti cNexbst ke esurmpaasrd@ren eWesd thenball7mid. bdndf an

el ectromagnetic- induction type or_a magneto-resistive tﬁpe. The dashed
i ne drying treatment was performed at 100°C for 20 hours or more.

The resultant dry cake was roughly pulverized, and then was
preliminarily burned at 1,100°C for 5 hours. Pure water was
added agaih to the powder obtained by pulverizing the
preliminarily burnt sinter, and mixing was performed in a
ball mill for 24 hours. After drying at 100°C for 20 hours
or more, the resultant dry cake was further pulverized, and
10 weight % aqueous polyvinyl alcohol (PVA) solution was
added at 10 weight % of the dry cake for granulation.

Press forming was performed at 80 MPa, and burping was
performed in an oxygén atmosphere in a temperature range of
1,250°C to 1,400°C. Then, hot isotropic press (HIP)
treatment was performed in a temperature range of 1,150°C to
1,350°C while pressurizing at 100 MPa by argon gas to form a
nonmagnetic substrate of the present invention.

With respect to the resultant nonmagnetic substrate,
the total areal percentage of ilmenite and spinel
crystalline domains, the crystal structure in the remainder.

abrasion loss, and processibility were evaluated.

Evaluation of Total Areal Percentage of Ilmenite and Spinel
Crystalline Domains, and Crystal Structure in the Remainder

The nonmagnetic substrate was cut at a specific cross



in the drawi ng represents a groove formed in the |ongitudinal direction of
the sliding surface of the magnetic head 1. By applying the
nhonmagneti c substrate 2 in accordance wth the present invention to the
magnetic head 1 for the HDD systemshown in FIG 2, a nmagnetic head having
excel l ent abrasion resistance and processibility can be obtained.

The nonmagneti c substrate of the present invention can be produced by a
conventi onal nmethod. That is, conmmercially avail able N O powder,
TiJerr] powder, ZnO powder, and CaCIIngJ powder were wei ghed so that
NiO Tierr], 2ZnO and CaO were at predeterm ned proportions, and were

- 8- m xed, with pure water being added, for 24 hours in a ball mll.
Next, the slurrngas taken out of the ball nil .. and drying treatnment was

perfor med aFeE86pPRr r Feet 6F029 ﬁ%‘&?%mbr“’%r%’bjeﬂ?é’dr QU PEEFOTd PP 1d sld ngas
nours.” Pur e %kt ERefmar a%%ﬁﬂn%’é‘%ﬁpé% PRI L 28 Tb7 POVFEr 7ing
the prellnbﬂgrc s?gin gﬁQ&urés ég fEhﬁ“?hd%ﬁffor”%allln% domains
exposed on the cross section were identified by an X-ray
micro analyzer (XMA). The areal percentage of each crystal
structure was obtained by an image analysis system.
Of course, the areal percentage of each crystal
structure may be calculated based upon the molar ratio of
NiO, TiO,, Zn0O, and CaO in the raw material and the molar
ratio, molecular weight, and specific gravity of CaTiO,,
NiZnTiO,, 2n,TiO,, NiTiO,, TiO,, and NiO which constitute the

nonmagnetic substrate obtained.

Evaluation of Abrasion Loss

The abrasion loss of the'nonmagnetic substrate was
measured by forming a dummy head for a VTR with a
nonmagnetic substrate alone. The dimensions of the dummy
head were 2 mm (width) x 2 mm (height) x 0.2 mm (thickness).
The contact width of the sliding surface was 80 gm, and the
curvature R in the contact width direction was 6 mm.

The abrasion test was performed by mounting the dummy
head on a data storage tape drive deck SDX-300C
(manufactured by Sony Corporation). After driving a thin-
film-deposited tape SDX-T3N (manufactured by Sony

Corporation) composed of a Co-based alloy for 1,000 hours at



ball m |l for 24 hours. After drying at 100[err]C for 20 hours or nore,
the resultant dry cake was further pulverized, and 10 wei ght % aqueous
pol yvi nyl al cohol (PVA) solution was added at 10 wei ght % of the dry cake
for granul ation. Press form ng was perforned at 80 MPa, and burning
was perforned in an oxygen atnosphere in a tenperature range of
1,250[err]Cto 1,400[err]C Then, hot isotropic press (H P) treatnent was
performed in a tenperature range of 1,150[err]Cto 1,350[err]C while
pressurizing at 100 MPa by argon gas to forn1a nonmagneti ¢ substrate of
the present invention. Wth respeét to the resultant nonmagnetic
substrate, the total areal percentage of ilnenite and spinel «crystalline
dormai ns, the crystal structure in the remainder, abrasion |oss, and
processi bi I5°tG angk 608y Riuattd¢. chanBealinaprohroéidotef trealum@ey desddige of
Il menite and Spinel ~Crystalline Domains, and Crystal Structure in the
Renai nder Irom thee MidWidGseMeasyaBst tat dehasmine the sabpreidn clesoss

-9- section t he cross section was subjected to mrror polishing,
of urse, the smaller the abrasion loss, the better the

abrasion resistance. The protrusion of the dummy head from

the drum was initially set at 30 pm.

Evaluation of Processibility

By using a general slicing machine, the abrasion loss
of a grinding wheel after the nonmagnetic substrate was
subjected to 50 passes of the grinding wheel, that is, the
difference between the initial depth of the groove and the
depth of the groove formed onto the grinding wheel after 50
paéses,vwas measured to evaluate the processibility. The
smaller the abrasion loss of the grinding wheel, the better

. the processibility. The processibility was evaluated under

the following conditions:; grinding wheel: SD3/8 (R200)},
number of revolutions of the grinding wheel: 5,000 rpm, feed
speed: 30 mm/min., and groove depth: 0.1 mm.

With respect to the abrasion loss and processibility,
evaluations were also made for a ferrite single crystal and
an MnO-NiO-based nonmagnetic substrate as comparative

materials.

Production of Nonmagnetic Substrate Samples

The sample Nos. 1 to 19 shown in Table 1 were produced



and thernmal" etching was perfornmed at 1,100[err]C for 3 hours. The crystal
structures of the individual crystalline donmains exposed on the cross
section were identified by an X-ray mcro analyzer (XMA). The areal

per cent age of each crystal structure was obtained by an i nage anal ysi s
system O course, the areal percentage of each crystal structure may:
be cal cul ated based upon the nolar ratio of NO Tiderr], ZnO and CaOin
the raw material and the nolar ratio, nolecular weight, and specific
gravity of CaTierr], N zZnTigerr], Znfjarr]TiJerr], NTiJerr],

Tigerr], and Nl O which constitute the nonmagnetic substrate obtained.

Eval uation of Abrasion Loss The abrasion | oss of the nonmagnetic

substrate was neasyred by form ng . a du head_f qr VIR with a .
nonmagnet i ¢ BUBTEARH Rt e.°°*F‘F?853itf’r8ﬂsggz§1§f ?ﬁ&'d?ﬁ‘rﬂ/ 3G Gafled® £hem
(wdth) x 2 mngr(%gci%g%)]{x 0.2 mm (thickness). The contact wdth of the
sliding sur &t £ ‘err]m and the curvature Rin the contact width
direction was 6 nmm The abrasion test was perforned by nounting the
dummy head on a data storage tape drive deck SDX-300C (manufactured by
Sony Cor por a[i’fiagme iAfter driving a thin- filmdeposited tape SDX-T3N
(manuf acture y Sony Corporation) conposed of a Co-based alloy for 1,000

hours at
No Composition (mol %)
NiO TiO, Zno ca0

1 1 80 1 18
2 1 80 2 17
3 2 80 1 * 17
4 2 80 3 15
5 3 60 2 35
6 S 60 4 31
.7 5 60 6 29
8 10 60 10 20
9 60 20 10 10
10 14 60 10 16
11 43 30 10 17
12 40 30 15 15
13 20 55 20 ) 5
14 50 30 10 10
15 23 50 10 17
16 45 36 10 9
17 28 50 10 12
18 32 34 32 2
19 33.3 33.3 33.3 0

Comparative Ferrite Single Crystal

material 1

Comparative MnO-NiO-based

material 2




- 10 - 5[err]C and 50% RH, the change in protrusion of the dummy head
fromthe drumwas neasured to deternine the abrasion loss. O course, the
'smal | er the abrasion |oss, the better the abrasion resistance. The
protrusion of the dummy head from the drumwas initially set at 30 [err]m
Eval uation of Processibility By using a general slicing machine, the
abrasion loss of a grinding wheel after the nonmagnetic substrate was

subj ected to 50 passes of the grinding wheel, that is, the difference
between the initial depth of the groove and_the depth of the groove forned
onto the grinding wheel after 50 passes, was neasured to evaluate the
processibility. The snmaller the abrasion | oss of the grinding wheel, the
better the processibility. The processibility was eval uated under the
fol | owi ng condi tYoHs ; TRERGRE P VitheeRonBBgNg LR BBPSTLRLABPL oFPe evol ut i ons
of the grinding wheel: 5,000 rp feed speed: 30 mmmn., and groove
depth: 0.1 ﬁﬁngQ Nogy ¢ h F%sb%c?%??)Q?ﬁF%ﬁ%%%ﬁ(ﬂfIQ5§St8ﬁ61pF68€s§ﬁbFPPty,

L oo 8 PRl S LA L B B ocfen
structure in the remainder, were evaluated.

Also, with respect to the nonmagnetic substrates of the
sample Nos. 1 to 19 and the nonmagnetic substrates of the
comparative materials, the abrasion loss and the
processibility (abrasion loss of grinding wheel) were
evaluated.

The evaluation results are shown in Table 2.



mat eri al s.
Nos.

Production of Nonmagnetic Substrate Sanples
1 to 19 shown in Table 1 were produced

"The sanpl e

by changing the

conposition of NNQ, Tiderr], ZnO and CaOin the raw material. [ Tabl e
1] No. Conposition (nmol % Ni O
Tigerr] Zn0O CaO 1 1 80
1 18 2 1 80 2
17 3 2 80 1 17 4
2 80 3 193 - 5 3
60 2 35 5 60
4 31 7 5 60 6
29 10 60 10 20 9
60 [Taple 2] 10 10 10 14
60 10 16 11 43 30
10 17 12 40 30 15
15 13 No. 20 Percentaggpf Crystad Abrasiog | Abragipn
50 30 Iipenite and 1(Ftructunge in Loss?3 | Loss of
50 10 17Spinel 14 the Remajgder (im)36 | Grinding
10 9 17 Structurgg 50 10 Wheel
12 18 32 (areal BY 32 2 (pm19
33.3 33.3 33. 37 cario,, Tio, 5 1
2 10 CaTiO,, TiO, 3 2
3 11 CaTioO,, TiO, 3 2
4 14 CaTiO,, TiO, 2 2
5 15 CaTiO,., TioO, 2 3
6 20 CcaTio,, TioO, 1 3
7 22 caTio,, TiO, 1 3
8 29 CaTiO,, TiO, 0.8 4
9 36 CaTiO,, NiO 0.8 18
10 41 CaTiO,, TiO, 0.8 4
11 45 CaTiO,, NiO 0.8 20
12 47 CaTioO,, NiO 0.8 .20
13 49 CaTio,, TiO, 0.8 4
14 55 CaTiO,, NiO 0.5 20
15 62 CaTio, 0.6 4
16 65 CaTiO,, NiO 0.6 22
17 70 CaTio, 0.5 5
18 89 CaTio, 0.5 5
19 100 - 0.5 5
Comparative - - 1 1
material 1
Comparative - - 20 20
material 2




Conparative Ferrite Single Crystal material 1 Conparative

MO Ni O based material 2 - 12 -
Wth respect to the nonmagnetic substrates of the sanple Nos. 1 to 19,
percentage of the total area of the ilnenite and spinel crystalline
domai ns, and the crystal structure in the remainder, were eval uated.

Al so,

wer e

13 -

t he

W th respect to the nonmagnetic substrates of the sanple Nos. 1 to
19 and the nonmagnetic substrates of the conparative materials, the
abrasion loss and the processibility (abfasion Ioss of grinding wheel)
eval uat ed. The eval uation results are shown in Table 2.

The results in Table 2 will be discussed.

With respect to the samples Nos. 1 to 5, which have a
percentage of the total area of ilmenite and spinel
crystalline domains of less than 20%, the abrasion loss is
larger than that of the comparative material 1 that is a
ferrite single crystal, all being 2 gm or more. Therefore,
if any one of the samples Nos. 1 to 5 is used for a guard
material, slider, or the like in a magnetic head, large
abrasion loss will shorten the life of a magnetic head,
which is undesirable,.

In contrast, with respect to the samples Nos. 6 to 19,
which have a percentage of the total area of ilmenite and
spinel crystalliné domains of 50% or more, the abrasion loss
is equal to or less than that of the comparative material 1
that is a ferrite single crystal, all being 1 um or less.
Therefore, if any one of the samples Nos. 6 to 19 .is used
for a guard material, slider, or the like in a magnetic head,
a magnetic head having a small abrasion loss and a long life
can be fabricated.

Among the samples Nos. 6 to 19, the samples Nos. 6, 7,
8, 10, 13, 15, 17, 18, and 19, which contain a CaTiO, phase
and a TiO, phase in the remainder of the crystal structure,
other than the ilmenite and spinel crystalline domains, have
a small abrasion loss of 3 to 5 pm and good processibility.

However, among the samples Nos. 6 to 19, the samples



[ Tabl e 2] No. Per cent age of Crystal Abr asi on

Abr asi on : I menite and Structure in Loss
Loss of Spi nel t he Renai nder ([err]m
G i ndi ng Structures
Wheel (areal %
([err]m 1 7 - CaTierr], Tigerr]
1 2 10 CaTiderr], Tierr] 3
2 3 11 _GgIiJgerr], Tigerr] 3
2 4 14 igerr], Tigerr] 2
2 5 15 CaTiderr], Tigerr] 2
3 6 20 CaTigerr], Tiderr] 1
3 7 Nos. 9, 11, 12224, and 16, whithOgontate NiO (NaClicrystal 3
8 29 CaTi O3, TiO2 0.8 4 9
36 struq}pxqjEgn]thqwnymalnder of ghe crysgal strugpure, other
CaTierr], Tiderr] 0. 11 45
CaTi OB, hﬁﬁyan the 1%pqplte and spjnel cryfialline domains, ylyave a

T 4
gT: g:”% ﬁ%t?zﬁs:mr? losg of 218 to 22 Am'l and u&iatlsfactgry 55
gg$:g%err]process%P¥}1ty,E%he nge as tfg %%O—Nlo-based %%mpgrative
CaTi J err] 0.6 22 17 70
CaTi C3 nablflay 2, 5 18 89
CaTi qerr] Froh the evaluatlon resuiPs and the examﬂﬁgklon
- 0.5 5 Conparative
1 deécf@%éﬂ'éﬂo@e(xﬁﬂﬁﬂég'Béén found that- the nonmagnetic -
20 20 material 2

substrate, which contains NiO, TiO,, Zn0O, and Ca0 as major
constituents and ilmenite and spinel structures as major
crystal structures, and which has an areal percentage of the
total area of ilmenite and spinel crystalline domains of 20%
.or more, has a small abrasion loss that is equal to or lower
than that of a ferrite single crystal.

Also, when the remainder of the crystal structure,
other than the ilmenite and spinel crystalline domains,
contains a CaTiQO, phase and a TiO, phase, the processibility
can also be improved.

Although the test was performed assuming a nonmagnetic
substrate for a magnetic head for use in a data storage tape
recorder in the embodiments described above, similar results
may be obtained for a magnetic head for a VIR or a DAT; a
slider for a HDD, or the like.

As described above, from a nonmagnetic substrate in

accordance with the present invention, good abrasion



- 14 - The results in Table 2 will be discussed. - Wth respect
to the sanples Nos. 1 to 5, which have a percentage of the total area of
ilmenite and spinel crystalline domains of |ess than 20% the abrasion
loss is larger than that of the conparative material 1 that is a ferrite

single crystal, all being 2 [err]mor nore. Therefore, if any one of the
sanples Nos. 1 to 5is used for a guard nmaterial, slider, or the like in a
magneti c head, large abrasion loss will shorten the |ife of a magnetic
head, which is undesirable. In contgast, with respect to the sanples

Nos. 6 to 19, which have a percentage of the total area of ilnenite and
spinel crystalline domains of 20% or nore, the abrasion loss 1is equal to
or less than that of the conparative material 1 that is a ferrite single
crystal, al¥epbstrpdae wirkdhmisr gaed. toTe&r srepéeri thanythat of ahe sanpl es
Nos. 6 to 19 is used for a guard material, slider, or the |ike in a
magnet i ¢ heRENe ELeeARa iNeteIdd Il fg T8TEAER SARBASI GRYFERL @@R Bl ong

kggé 6cag ngégggéggied. Anong the sanples Nos. 6 to 19, the sanples

Also, when the remaining area, other than the total
area of the ilmenite and spinel crystalline regions,
contains a CaTiO, phase and a TiO, phase, processibility can
also be improved.

Therefore, by employing such a nonmagnetic substrate, a
magnetic head or a slider which has excellent abrasion

resistance and long life can be fabricated.



8, 10, 13, 15, 17, 18, and 19, which contain a CaTiJerr] phase and a
Tiderr] phase in the remainder of the crystal structure, other than the
ilmenite and spinel crystalline domains, have a snmall abrasion |oss of 3
to 5 [err]mand good processibility. However, anong the sanples Nos. 6
to 19, the sanples - 15 - Nos.
9, 11, 12, 14, and 16, which contain NiO (Nad crystal structure) in the
remai nder of the crystal structure, other than the ilnmenite and spi nel
crystalline domains, have a |arge abragshon |oss of 18 to 22 [err]m and
unsati sfactory proce55|b|I|ty, the sane as the MIGN-O-based conparatlve
materi al 2. From the evaluation results and t nlnatlon escri bed
above, it has been found that the nonmagnetic sub Em@ﬂg tains
Ni O Ti O eWHPT ZSCCLARMERa&Sas mmj or constituents spi nel
structures as mgjor crystal structures, and which has an aWeaP percentage
of the total area of ilnenite and spinel crystalline domains of 20% or

nore, has a snai[ agrggﬁégbééggk Egstraégnﬁavfﬁ%'%&me Q%e and spinel
structures comprising NiO, TiO,, ZnO, and CaoO,
wherein the percentage of the total area of the
ilmenite crystalline domain and the spinel crystalline
domain occupied in the area of a given cross section of said

nonmagnetic substrate is 20% or more.

2. A nonmagnetic substrate according to Claim 1,
wherein the remainder of said area of the cross section,
other than said ilmenite crystalline domain and said spinel

crystalline domain, contains a CaTiO, phase and a TiO, phase.

3. A magnetic head comprising a magnetic thin film
formed on a nonmagnetic substrate having .ilmenite and spinel
structures comprising NiO, TiO,, ZnO, and CaO,

wherein the percentage of the total area of the
ilmenite crystalline domain and the spinel crystalliné
domain occupied in the area of a given cross section of said

nonmagnetic substrate is 20% or more.

4. A magnetic head according to Claim 3, wherein the
remainder of said area of the cross section, other than said

ilmenite crystalline domain and said spinel crystalline



than. that of a ferrite single crystal. Al so, when the-remainder of the
crystal structure, other than the ilnmenite and spinel crystalline domains,
contains a CaTi(Jerr] phase and a TidJerr] phase, the processibility can
al so be inproved. Al t hough the test was perforned assum ng a
nonmagnetic substrate for a magnetic head for use in a data storage tape
recorder in the enbodiments described above, similar results may be

obt ai ned ”“mﬂ" ! 'ﬂt’mn“mad for a VTR or a DAT, a slider for a HDD, or
the like. ! d above, from,a nonmagnetic substrate in
accordance with thd pfesént invention, §ood abrasion

- 16 - resi stance which is equal to or greater than that of a nmagnetic
core material of a ferrite single crystal can be obtained. Al so, when
the remai nidPfedfea CoOBtRENSt RaRaThe, tiitage amdea BfOf hzhddarenite and spi nel
crystalline regions, contains a CaTi(err] phase and a TiJerr] phase,
processibility can also be inproved.




Ther efore, by enploying such a nonmagnetic substrate, a magnetic head or a
sli'der which has excellent abrasion resistance and long life can be

fabricated. - 17 - WHAT IS CLAIMED
| S: 1. A nonmagnetic substrate having il nmenite and spinel

structures conprising NO, TiJerr], ZnO and CaQ, wherein the
percentage of. the total area of the ilnenite crystalline domain and the
spinel crystalline domain occupied in the area of a given cross section of
said nonmagnetic substrate is 20% or raBe. 2. A nonmagnetic

substrate according to Claiml, wherein the remainder of said area of the
Cross sect NONMAGRETEC SURSTRAE] ANDYMAGNEBTTICYHERAD | USIENGIGIE r5AFd sai d spi nel
crystalline donain, contains a CaTiJerr] phase and a TiJerr] phase.

3. A magneBITRRGH Qs NIRFIOSWEREnetic thin film fornmed on a nonmagnetic

substrate having il nenite and spinel structures conprising NO Tierr],
ZnQO, and CaO

A nonmagnetic substrate includes NiO, TiO,, ZnO, and CaO
as major constituents, and major ilmenite and spinel
structures, in which the percentage of the total area of the
ilmenite and spinel crystalline domains occupied in the area
of a given cross section of the nonmagnetic substrate is 20%
or more. Preferably, the remainder of the area of the cross
section, other than the ilmenite and spinel crystalline

domain, contains a CaTiO, phase and a TiO, phase.

FIGURE 1



wher-ein the percentage of the total area of the ilnenite crystalline

domain and the spinel crystalline domain occupied in the area of a given

cross section of said nonmagnetic substrate is 20% or nore. 4. A

magneti ¢ head according to aim3, wherein the reminder of said area of

the cross section, other than said ilnepite crystalline domain and said
donhV%l

spinel crystalline contains a CaTi(Jerr] phase and
a TigJerr] phase.

FIG. 1




