DESCRIPTION

Mgl TARGET FOR SPUTTERING

Technical Field
fooci]

The present invention relates to an Mgl target for
sputtering, which is capable of forming an MgO film by a DC
sputtering method.

Background Art
(0002}

As one of the film formation methods of materials for
electronic and electric components, there is being widely
used a gputtering method capable of easily controlling film
thickness and components, ranging from angstrom units to
micron orders. This sputtering method employs an apparatus
provided with a positive electrode and a negative electrode,
in which a substrate and a target are opposed to each other,
and a high veoltage is applied to betwesen ths substrate and
the target under an inert gas atmosphere to generate an
electric field. The sputtering method uses the following
principle. Namely, ionized electrons and inert gas impinge
on each other at that time to form plasma, and positive ions
in this plasma impinge on a surface of the target (negative
electrode) to eject atoms constituting the target. The
ejected atoms are deposited on a surface of the opposing
substrate to form a film.

[0003]
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The MgO target for sputtering is suitably used when a
ground layer of a device having a layverd structure, guch as
a magnetic recording medium, 1is manufactured (Patent

Literature 17}.

Citation List
Patent Literature
(0004]

Patent Literature 1: JP 2001-101645 A

Summary of the Invention
Technical Problem
[0005]

However, in the pricr art, when the MgO £ilm is formed,
an RF sputtering method is reqguired to be used because MgO
is an insulating body, and thus, there are problems that a
film formation rate is lowand it 1s inferior in productivity.
[0008]

Thus, an object of the present invention is to provide
an MgQO target for sputtering, which can accelerate a £ilm
formationrate even when Mg0 is used as a target for sputtering

in the formation of an Mgl film.

Solution to Problem
(0007}

s a result of intensive studies made bv the present

-

he above object, the present

et

inventors in order to attain



inventors have found that by virtue of the use of a target
for sputtering containing Mg0 and a specific
electroconductive material (for gxample, an
electroconductive compound) as main components, an MgO film
can be formed by a DC sputtering method and reached the pregent
invention. Namely, the present invention provides an MgO
target for sputtering, which comprises Mg0 and an
electroconductive material as main components, and in which
the electroconductive material is capable of imparting
orientation to a MglC f£ilm when the Mg0 film containing the

electroconductive material is formed by a DC sputtering.

Advantageocus Effects of Invention
[0008]

As described above, the preseni invention can provide
a MgC target for sputtering, which can accelerate a f£ilm
formation rate even when Mg0 is used as a target material for

sputtering in the formation of an MgO film.

Description cf Embodiments

[ocoe]

An MgO target for sputtering accerding to the present
invention is mainly composed of Mg0 and an electroconductive
material, and when the electroconductive material is used
along with MgO for the film formationby a DC gputtering method,

it is capable of imparting orientation to a formed Mgl £ilm.

In the present Invention, &

sxprassion that “capable of
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imparting the orientation to the formed Mgl film” include
formaticn of an Mg0 laver having desired orientation such as
(001) orientation and (111) orientation.

Although any electrocenductive material is applicable
as long as it can impart the orientation to a formed MgO film
when the electroconductive material is used along with Moo
for the film formation by a DC sputtering method, it is
particularly preferable to use an electroconductive material
which can impart single corientation to a {001) surface cf the
MgO £ilm when the electroconductive material is used along
with MgD for the film formation by the DC gsputtering method.

As the electroconductive material capable of impartin
the gsingle orientation to the (001) surface of the MgO £ilm,
preferred is an electroconductive material cof a crystal
system such as a cubic crystal system or a hexagonal crystal

system, and particularly preferred i1is at least one

-3

electroconductive compound selected from TiC, VC, iN, and
WC. The electroconductive material 1s not limited to the
electroconductive compound and may be a simple substance.
[0010]

In the Mg0 target for gputtering according to the
present invention, the electroconductive material contained
in the Mg0 target for sputtering is characterized in that the
particles of the electroconductive material are in contact
with each other in the MgO target to forma path for electrons.

The formation of the path for electrons allows the Mgl target

for sputtering to have electroconductivity, and thus it is
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preferable. More preferably, the electroconductive
material is characterized by existing in a grain boundary of
MgC particles. Still more preferably, the electroconductive
material is characterized by existing to encompass the MgO
particles having a substantially uniform particle diameter.

When the electroconductive material is contained in the
MgO target for sputtering in the above constitution, in the
film formation by the DC sputtering wmethod, ions impinging
on the Mgl target for sputtering flow to a negative electrods,
and therefore, it is possible to prevent discharge from being
stopped by deposition of the ions on the surface of the Mgl
target for sputtering.

Any form 1in which the electroconductive material is
contained in the MgO target for sputtering may be applied by
taking the abecve constitution. The content of the
electroconductive material is not limited to that described
below. However, when the above electroconductive compound
ig used as the electroconductive material, a ratio of Mgl to
the total of MgC and the electroconductive material is
preferably 40 toe %0 mel%, more preferably 50 to S0 mols,
particularly preferably 65 to 20 mol%. When the ratio of MgO
is more than 50 wol%, a resistance value is large, and DC
sputtering may be difficult. When the ratio of Mg0 is less
than 40 mel%, sintering may be difficult, so that it may be

difficult te manufacture the Mgl target.

The MgC target for sputtering according o the present

Ut



invention may be obtained, mixing Mg and an
electroconductive material, which is capable of imparting the
orientation to an MgO film when used along with MgC for the
film formation by a DC gputtering method, with the above
predetermined ratio, and sintering the cbtained mixture by,
for example, a well-known method for sintering Mg0 or the like,
such as pressureless sintering, hot press sintering, hot
isostatic press (HIP) sintering, and spark plasma sintering
{SPS). The sintering temperature is suitably regulated
depending on the ratio of Mg0 contained in a raw material and
is preferably 1800 to 1950 K, more preferably 1890 to 1950
K. If the sintering temperature is too high, the
electroconductivity of the target may be deteriorated. If
the sintering temperature is too low, sintering may not be
performed, and a uniform £ilm may not be obtained so thar gas
is included after film formation:; therefore, it is not
preferable. In this way, conditions o©f material,
composition, mixing, and sintering are suitably combined as
descried above, whereby electroconductive material
particles are arranged in the grain boundary of the MgO
particles, and when the additive amount of the
electroconductive material particles increases, & target for
DC  sputtering having a contacting/coupling sectional
structure c¢an ke manufactured. For example, when the
sintering temperature is too high, the MgO particles are grown,
$0 that the electroconductive material particles penetrate

inte the Mg0 particles. In this <case, since the



electroconductive material particles are not arranged in the
grain boundary of the MgO particles, there may be a problem
that the electroconductivity is deteriorated.

[0012]

When the MgO target for sputtering according to the
present invention is manufactured as above, the
electroconductive material particles in a sintered body
therein are connected to each other, and the Mgl target
becomes electroconductive; therefore, the Mgl film can ke
formed by the DC sputtering method.‘ Namely, in the
manufacturing the Mgl target for sputtering as described
above, when the electroconductive material particles are
arranged 1in the grain boundary of the Mg0 particles, a
so-called electron tunneling effect allows the Mgl target to
have the electroconductivity even if the electroconductive
material particles cannot be in contact with sach other.
Further, when there is provided a structure in which the

glectroconductive material particles are incontact with each

o

other or coupled to each other to such an extent that the
electroconductive material particles can be in contact with
each other, a target material for DC sputtering having better
electroconductivity can be made, and the Mgl film can be
formed by the ale sputtering method. When the
glectroconductive material is used along with the MgO film
for the film formation by the DC sputtering, the Mg0 film
naving the orientation can be formed; therefore, the Mg0 film

is good in matching with other layers and can be suitably used



as a ground layer of a device having a layer structure.

0013]
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The electrical resistivity of the Mg0 target for
sputtering according to the present invention is preferably
1 x 107% to 1 x 107 mQcm. When the electrical resistivity
is too high, sputtering may not be performed. When the

electrical resistivity is too low, particles may be produced
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film, and in addition, since the sputtering ratio is
different between MgO and the electroconductive material, the
sputtering rate of the electroconductive material becomes
slow toc cause formation of an inhomogeneous film, and
therefore it 1ig not preferable. When the electrical
resistivity is in the above range, a preferable £film formation

rate i1s obtained, and the MgO film can be produced at high

h
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efficiency by the DC sputtering method.
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When the electrocenductive material of the Mgl target
for sputtering according to the present invention is used
along with MgQ for the film formation by the DC sputtering
methed, an MgO film having single orientation can be formed
on a (001) surface. Thus, such a £ilm can be suitably used
as a ground layer for a magnetic layer of a magnetic recording
medium. Inthe priorart, since the magnetic recording medium
has a lavered structure inciuding many lavers, the DC
sputtering method and an RF sputtering method are required
to be separately used depending on the layers. However, when

the MgQ target for sputtering according to the present



invention is used, each layer can be produced using the DC
sputtering method. Thus, the speed of manufacturing the

magnetic recording medium can be acgelervated.

Examples
[o01s]

Hereinafter, the present invention will be
specifically described based on examples. These examples do
not limit the cbject of the invention. First, a method of
analyzing a formed f£ilm will be shown as follows.

[0016]

(Scanning electron microscope (SEM))

E cut surface of a film-formed substrate was cbserved
by SEM, and it was confirmed that a £film having a thickness
of about 200 nm was formed on the substrate.

[0017]

(X-ray diffraction (XRD) measurement)

XRD measurement was performed using an ATY-G tvpe
multifuncticonal X-ray diffraction apparatus for surface

structure evaluation manufactured by Rigaku Corporation.

M

The crystallinity of a film was confirmed by In-plan
measurement in which measurement is performed by applying an
X ray to the vicinity of a sample surface at an angle not more
than a total reflection critical angle. The In-plane
measurement was performed under conditions that the X-ray
incident angle was 0.10 degree, the measurement interval (20)

was (.02 degree, and the measuring speed was 5 degree/min.



[0018] (Transmission electron microscope {TEM) observation)

Samples of substrates produced uging the respective
targets were processed thin, and TEM and an electron
diffraction image were observed. From this result, it was
confirmed that a f£ilm was grown on the substrate in an

oriented.

(Method of manufacturing target for sputtering)

(Bxample 1)

20.0 mel% of an Mgl powder having an average particle
diameter of 0.2 pum and a purity of 5 N and 10.0 mol% of a TiC
prowder having an average particle diameter of 1.0 um and a
purity of 3 N were blended. Thereafter, the blended powder
were dispersed and mixed for 24 hours in a methanol solvent
in a nyleon pot in which a nyvion ball is put, and an Mg0O-TiC
slurry was obtained. The obtained MgO-TiC slurry was taken
from the nylon pot and dried, followed by classifving with
a #50 mesh sieve.

Anobtained granulated powder was molded by a mold press,
whereby a molded body ¢f the Mgl target for sputtering was
obtained. The molded body was hot press sintered for 90
minutes while a pressure of 25 MPa was applied at the time
of sintering by a hot press apparatus in an Ar gas atmosphere
at a temperature of 1888 K, whereby a dense sgintered body
having a relative density of not less than $2% (MgO target
for sputtering according to the BExample 1) was obtained. The

ectrical resistivity of the manufactured Mgl target for

fomet
t
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sputtering according to the Example 1 was 1 x 10° mQ-cm.
[ooz20]

(Example 2)

An MgO target for sputtering according to the Example
2 (electrical resistivity: 1 x 10° mQ-om) was manufactured
as in the Example 1, except that the amount of the Mgl powder
was changed to 89.0 mol%, and the amount of the TiC powder
wags changed to 11.0 mol%.
fooc21]

{Example 3)

An MgO target for sputtering according to the Example
3 (electrical resistivity: 5 x 10° mQ.cm) was manufactured
as in the Example 1, except that the amount of the Mg0 powder
was changed to 88.0 mol%, and the amount of the TiC powder
was changed to 12.0 mol%.
[00z22]

{Example 4

An MgO target for sputtering according to the Example
4 {electrical resistivity: 47.32% mQ-cm) was manufactured as
in the Example 1, except that the amount of the Mg0 powder

was changed to 83.6 mol%, and the amount of the TiC powder

i

was changed to 14.4 mol
[0023]

(Example 5]

knn MgO target for sputtering according to the Example
5 (electrical resistivity: 2.04 m{d-cm) was manufactured as

in the Example 1, except that the amount of the Mg0 powder



was changed to 77.6 mol%, and the amount of the TiC powder
was changed te 22.4 mol%. When the lattice constantof a film
formed by a film formation method to be described later was
calculated by an electron diffraction image obtained by TEM,
it was 4.2 A,
[0024]

{Example 6)

An MgO target for sputtering accerding to the Example
& {electrical resistivity: 0.08 milcm) was manufactured ag
in the Example 1, except that the amount of the Mg0 powder
was changed to 60.0 mol%, the amount of the TiC powder was
changed to 40.0 mol%, and the sintering temperature was

changed to 1823 K.

(Example 7)
An MgO targetf for sputtering according to the Example

7 lelectrical resistivity: 0.03 mO-cm) was manufactured a

L4

in the Example 1, except that the amount of the Mgl powder
was changed to 55.0 mol%, the amount of the TiC powder was
changed tc 45.0 mol%, and the sintering temperature was
changed tTo 1948 K,
[0CG2¢]

(Example 8)

An Mg0 target for sputtering according to the Example
8 (electrical resistivity: 0.01 m{lecm) was manufactured as
in the Example 1, except that the amount of the Mgl powder

was changed to 50.0 mol%, the amount of the TiC powder was

},—J
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changed to 50.0 mol%, and the sintering temperature was
changed to 1948 K.
[ooz7]

{Example 9)

An MgC target for gputtering according to the Example
9 (electrical resistivity: 2.4 x 10° mQ-cm) was manufactured
as in the Example 1, except that the amount of the MgO powder
was changed to 90.0 mol%, and the TiC powder was changed to
10 mel% of a VC powder having an average particle diameter
of 1.0 pum and a purity of 2 N.
[ooczg]

(Example 10)

An MgC target for sputtering according to the Example
10 (electrical resistivity: 2.3 x 10° m{d-cm) was manufactured
as in the Example 1, except that the amount of the Mg0O powder
was changed to 89.0 mol%, and the TiC powder was changed to
11 mol% of the VU powder having an average particle diameter
of 1.0 um and a purity of 2 N.
[C0238]

(Example 11)

An MgO target for sputtering according to the Example
11 {electrical resistivity: 1.1 x 10° m{-cm} was manufactured
as in the Example 1, except that the amount of the Mg powder

wag changed to 88.0 mol%, and the TiC powder was changed to

o

.0 mol

et
b

of the VC powder having an average particle diameter
of 1.0 um and a purity of 2 N.

[0030]



(Example 12)

An MgO target for sputtering according to the Example
12 (electrical registivity: 11.85 mlcm) was manufactured as
in the Example 1, except that the amount of the Mg0 powder
was changed to 85.0 mol%, and the TiC powder was changed to
15.0mol% of the VC powder having an average particle diameter
of 1.0 um and a purity of Z W.
[0031]

A Bxample 13}

An Mgl target for sputtering according to the Example
13 (electrical resigtivity: 0.65 mOQ.cm) was manufactured as
in the Example 1, except that the amount of the Mg0 powder
was changed to 6%.3 mol%, the TiC powder was changed to 30.7
mol% of the VC powder having an average particle diameter of
1.0 ym and a purity of 2 N, and the sintering temperature was
changed to 1923 K.
[(0032]

(Example 14)

An MgO target for sputtering according to the Example
14 (electrical resistivity: 0.02 milcm) was manufactured as
in the Example 1, except that the amount of the Mgl powder
was changed to 60.0 mol%, the TiC powder was changed to 40
mol% of the VO powder having an average particle diameter of
1.0 pm and a purity of 2 N, and the sintering temperature wasg
changed to 1%23 K.
[0033]

(Example 15)



An MgQO target for sputtering acceording to the Example
15 {electrical resistivity: 0.008 mQOQ-cm) was manufactured as
in the Example 1, except that the amount of the Mg0 powder
was changed to 55.0 moel%, the TiC powder was changed to 45
mol% of the VO powder having an average particle diameter of
1.0 pm and a purity of 2 N, and the sintering temperature was
changed to 1948 K.
[(0034]

(Example 16)

An MgO target for sputtering according to the Example
16 (electrical resistivity: 0.002 mQ-cm) was manufactured as
in the Example 1, except that the amount of the Mg0 powder
was changed to 30.0 mel%, the TiC powder was changed te 50.0
mcl% of the VO powder having an average particle diameter of
1.0 um and a purity of 2 N, and the sintering temperature was
changed to 1%48 K.
[0635]

(Example 17)

An MgO target for sputtering according to the Example
17 (electrical resistivity: 2.9 x 10° mQ-cm) was manufactured
ag in the Example 1, except that the amount of the Mgd powder
was changed to 90.0 mol%, and the TiC powder was changed to
10 mol% of a WC powder having an average particle diameter
of 1.0 pum and a purity of 2 N.
[0036]

{(Example 18)

An Mgl target for sputtering according to the Example



18 {electrical resistivity: 2.1 x 10° mQ-cm) was manufactured
as in the Example 1, except that the amount of the Mg powder
was changed to 89.C mol%, and the TiC powder was changed to
11 mol% of the WC powder having an average particle diameter

cf 1.0 um and a purity of 2 N.

{(Example 19}
An MgC target for sputtering according to the Example

=)

19 {electrical resistivity: 1.1 x 10° m{-om} was manufactured
as in the Example 1, except that the amount of the Mgl powder
was changed to 88.0 mol%, and the TiC powder wasg changed to
12.0mol% of the WC powder having an average particle diameter
of 1.0 um and a purity of 2 N.
[oo3e;

(Example 20)

An MgO target for sputtering according to the Example
20 (electrical resgistivity: 10.2 m{l-cm) was manufactured as
in the Example 1, except that the amount of the Mgl powder
was changed to 85.0 mcl%, and the TiC powder was changed to
15.0 mol% of the WC powder having an average particle diameter
of 1.0 um and a purity of 2 N.
[0038]

{(Example 21)

An MgO target for sputtering according to the Example
21 {electrical resistivity: 0.58 m{lcom) was manufactured as
in the Example 1, except that the amount of the Mgl powder

was changed to 72.1 mol%, the TiC powder was changed toc 27.9

.
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mol% of the WC powder having an average particle diameter of
1.0 pum and a purity of 2 N, and the sintering temperature was
changed to 1823 K.
[0040]

(Example 22)

An MgO target for sputtering according to the Example
22 {(electrical resistivity: 0.01 mO.cm) was manufactured as
in the Example 1, except that the amount of the Mgl powder
was changed to 60.0 mol%, the TiC powder was changed to 40.0
mol% of the WC powder having an average particle diameter of
1.0 um and a purity of 2 N, and the sintering temperatur@ Was
changed to 1523 K.
f0041]

(Example 23)

An MgO target for sputtering according to the Example
23 (electrical resistivity: 0.005 mQ-cm) was manufactured as
in the Example 1, except that the amount of the Mg0 powder
was changed to 55.0 mol%, the TiC powder was changed to 45.0
mol% of the WC powder having an average particle diameter of
1.0 um and a purity of 2 N, and the sintering temperature was
changed To 1948 K.

[0042]

[—

({Example 24
An MgQ target for sputtering according to the Example
24 (electrical resistivity: 0.001 m{-cm) was manufactured as
in the Example 1, except that the amount of the Mg0O powder

was changed to 50.0 mol%, the TiC powder was changed to 50.0

17



mel% of the WC powder having an average particle diameter of
1.0 um and a purity of 2 N, and the sintering temperature was
changed to 1948 K.
[0043]

(Example 25}

An MgO target for sputtering according to the Example
25 (electrical resistivity: 1 x 10° mQ-cm) was manufactured
as in the Example 1, except that the amount of the Mg0O powder
was changed to 90.0 mol%, and the TiC powder was changed to
10.0 mol% of a TiN powder having an average particle diameter
of 1.0 uym and a purity of 2 N.
[0044]

(Example 26)

An Mg0 target for sputtering according to the Example
26 {electrical resistivity: 1 x 10° mQ-cm) was manufactured
as in the Example 1, except that the amount of the MgQ powder
was changed to 8%.0 mel%, and the TiC powder was changed to
11.0 mol% of the TiN powder having an average particle

2 N.

e}

diameter of 1.0 wm and a purity o
[0045]

{Example 27)

En MgC target fory sputtering according to the Example
27 (electrical resistivity: 1 x 10° mQ-cm) was manufactured
as in the Example 1, except that the amount of the Mg0 powder
was changed to 88.0 mol%, and the TiC powder was changed to
12.0 mol% of the TiN powder having an average particls

diameter of 1.0 pm and a purity of 2 N.

f
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[CO46]

(Example 28)

An MgO target for sputtering according to the Example
28 (electrical regsistivity: 80 mQ-cm) was manufactured as in
the Example 1, except that the amount of the Mg0 powder was
changed to 85.0 mol%, and the TiC powder was changed to 15.0
mol% of the TIN powder having an average particle diameter
of 1.0 um and a purity of 2 N.
[0047]

(Example 29)

An MgC target for sputtering according to the Example
29 (electrical resistivity: 4 mQ-cm} was manufactured as in
the Example 1, except that the amount of the Mg0O powder was
changed to 75.2 mol%, and the TiC powder was changed to 24 .8
mol% of the TiN powder having an average particle diameter
of 1.0 um and a purity of 2 N
(0048]

{Example 30)

An Mgl target for sputtering according to the Example
30 (electrical resistivity: 0.01 mQ-cm) was manufactured as
in the Example 1, except that the amount of the MgO powder
was changed to 60.0 mol%, the TiC powder was changed to 40.0
mol% of the TiN powder having an average particle diameter
of 1.0 pum and a purity of 2 N, and the sintering temperature

was changed to 1923 XK,

19



An Mg0 target for sputtering according to the Exanmple
31 {electrical resistivity: 0.005 mQ-cm) was manufactured as
in the Example 1, except that the amount of the Mgl powder
was changed to 55 mol%, the TiC powder was changed to 45 mol$
of the TiN powder having an average particle diameter of 1.0
um and a purity of 2 N, and the sintering temperature was
changed to 1948 XK.

[C050]

(Example 32)

An MgO target for sputtering according to the Example
32 (electrical resistivity: 0.001 mQ.cm) was manufactured as
in the Example 1, except that the amount of the Mg0 powder
was changed to 50.0 mol%, the TiC powder was changed to 50.0
mol% of the TiN powder having an average particle diameter
of 1.0 pm and a purity of 2 N, and the sintering temperature
was changed to 1948 XK.

[0051]

(Comparative Example 1)

An MgO  target for sputtering according to the
Comparative Example 1 {(electrical resistivity: not less than
1 x 10%° mQcm) was manufactured as in the Example 1, except
that the amount of the MgC powder was changed te 100.0 mol%,
Che amount of the TiC powder was changed to 0 mol%, and the

sintering temperature was changed to 1873 X,
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xample 2)
An  MgO target for sputtering acceording to the

comparative Example 2 {(electrical resistivity: 1 x 10" mQ-cm)



was manufactured as in the Example 1, except that the amount
of the MgO powder was changed to 95.0 mol%, the amcount of the
TiC powder was changed to 5.0 mol%, and the sintering
temperature was changed to 18723 X.
[0053] {Comparative Example 3)

An  Mg0O target for sputtering according to the

mGom)

comparative Example 3 (electrical resistivity: 1 x 10
was manufactured as in the Example 1, except that the amount
of the Mg0 powder was changed to 92.9 mol%, the amount of the
TiC powder was changed to 7.1 mel%, and the sintering
temperature was changed to 1873 K.

[0C54! (Comparative Example 4}

An MgC target for sputtering according to the
comparative Example 4 (electrical resistivity: 1.6 x 10°
mll-cm) was manufactured as in the Example 1, except that the
amount c¢f the MgO powder was changed o 91.0 mol%, the amount
of the TiC powder was changed to $.0 mol%, and the sintering
temperature was changed to 1873 K.
focs5] (Example 33)

An MgQO target for sputtering according to the Example
33 (electrical resistivity: 1.6 x 107° mQd.cm) was manufactured
as in the Example 1, except that the amount of the Mgl powder
was changed to 49.0 mol%, the amount of the TiC powder was
changed to 51.0 mol%, and the sintering temperature was
changed to 1948 K,

[0056] (Example 34

in MgO target for sputtering according to the Example



34 (electrical resistivity: 4 x 10°* mQ-cm) was manufactured
ag in the Example 1, except that the amount of the Mgl powder
was changed to 45.0 mel%, the amount of the TiC powder was
changed to 55.0 mol%, and the sintering temperature was
changed to 1348 K.
[0057] (Example 35}

An MgO target for gputtering according to the Example
35 (electrical resistivity: 5 x 107 mQ-cm) was manufactured
as in the Example 1, except that the amount of the Mg0 powder
was changed to 40.0 mol%, the amount of the TiC powder was
changed to 60.0 mol%, and the sintering temperature was
changed to 1948 K.

[0058] (Comparative Example 5)

An MgO target for sputtering according to the
comparative Example 5 (electrical resistivity: 1 x 10°° mQ-om)
was manufactured as in the Example 1, except that the amount
of the Mg0 powder was changed to %5 mol%, the TiC powder was
changed to 5 mol% of the VC powder having an average particle
diameter of 1.C¢ um and a purity of 2 N, and the sintering
temperature was changed To 18%8 K.

[0059] {(Comparative Example &)

An Mgl target for sputtering according to  the
comparative Example 6 {electrical resistivity: 1 x 10° mQ-cm)
was manufactured as in the Example 1, except that the amount
of the Mgl powder was changed to $1.0 mol%, the TiC powdser
was changed to 9.0 mol% of the VC powder having an average

particle diameter of 1.0 um and a purity of 2 N, and the



sintering temperature was changed to 1873 K.
[0060] (Example 36)

An MgO target for sputtering according to the Example
35 {electrical resistivity: 1.0 x 1077 mQ-cm) was manufactured
as in the Example 1, except that the amount cf the Mg0 powder
was changed to 49.0 mol%, the TiC powder was changed to 51.0
mol% of the VO powder having an average particle diameter of
1.0 pmand a purity of 2 N, and the sintering temperature was
changed to 19%48 K.
[0061] (Example 37}

An MgO target for sputtering according to the Example
37 {electrical resgistivivy: 1 x 107" mQ-cm) was manufactured
as in the Example 1, except that the amount of the Mg0 powder
was changed to 45.0 mol%, the TiC powder was changed to 55.0
mcl% of the VO powder having an average particle diameter of
1.0 um and a purity of 2 N, and the gsintering temperature was
changed to 1948 K.
[0062] (Example 38)

An MgO target for sputtering according to the Example
38 {(electrical resistivity: 1 x 107" mQ-om) was manufactured
as in the Example 1, except that the amount of the Mg0 powder
was changed to 40.0 mol%, the TiC powder was changed to 606.0
mol% of the VU powder having an average particle diameter of
1.0 um and a purity of 2 N, and the sintering temperature was
changed to 1948 K.
[0C0s3] (Comparative Hxample 7)

An Mgl target for sputtering accerding to  the



comparative Example 7 (electrical resistivity: 1 x 107 mQ-cm)
was manufactured as in the Example 1, except that the amount
of the MgC powder was changed to 85.0 mol%, the TiC powder
was changed to 5 mol% of the WC powder having an average
particle diameter of 1.0 uym and a purity of 2 N, and the
sintering temperature was changed to 1873 K.

[0064] (Comparative Example 8)

An  Mg0O target for sputtering according to the
comparative Example 8 (electrical resistivity: 1L x 10° mQ-cm)
was manufactured as in the Example 1, except that the amount
of the Mg0 powder was changed to 21.0 mol%, the TiC powder
was changed to 2.0 mol% of the WC powder having an averags
particle diameter of 1.0 um and a purity of 2 N, and the
sintering temperature was changed to 1873 K.

[0065] (Example 39)

An MgC target for sputtering according to the Example
39 (electrical resistivity: 1.0 x 10 mQ-cm) was manufactured
ag in the Example 1, except that the amount of the Mgl powder
wag changed to 49.0 mel%, the TiC powder was changed to 51.0
mol% of the WC powder having an average particle diametexr of
1.0 um and a purity of 2 N, and the sintering temperature was
changed to 1948 K.

[COse] {(Example 40)

En MgC target for sputtering according to the Example

.

40 {electrical resistivity: 1 x 10" mQ-cm) was manufactured
as in the Example 1, except that the amount of the Mgl powder

wag changed to 45.0 mol%, the TiC powder was changed to 55.0



mol% of the WC powder having an average particle diameter of
1.0 pum and a purity of 2 N, and the sintering temperature was
changed to 1948 K.
[C067] (Example 41)

An MgO target for sputtering according to the Example
41 (electrical resistivity: 1 x 107 mQ.cm) was manufactured
as in the Example 1, except that the amount of the Mg0 powder
was changed to 40.0 mol%, the TiC powder was changed to 60.0
mol% of the WC powder having an average particle diameter of
1.0 um and a purity of 2 N, and the sintering temperature was
changed to 1948 XK.

[C0e8} (Comparative Example 9)

An Mgl target for sputtering according to the
comparative Example 9 (electrical resistivity: 8 x 10°° mQ-cm)
was manufactured as in the Example 1, except that the amount
of the MgO powder was changed to 95.0 mol%, the TiC powder
was changed to 5.0 mol% of the TiN powder having an average
particle diameter of 1.0 um and a purity of 2 N, and the
sintering temperature was changed to 1873 K.

[0069] (Comparative Example 10)

An  MgC target for sputtering according to the
comparative Example 10 (electrical regsistivity: 8 x 20° mQ.om)
was manufactured as in the Example 1, except that the amount
of the Mgl powder was changed to 21.0 mol%, the TiC powder
was changed to 9.0 mol% of the TiN powder having an average
particle diameter of 1.0 pm and a purity of 2 N, and the

sintering temperature wasg changed to 1873 K.



[0C70] (Example 42)

An MgO target for sputtering according to the Example
42 (electrical resistivity: 7.0 x 107 mQd-cm) was manufactured
as in the Example 1, except that the amount of the Mgl powder
was changed to 49.0 mol%, the TiC powder was changed to 51.0
mel% of the TiN powder having an average particle diameter
of 1.0 pm and a purity of 2 N, and the sintering temperature
was changed to 1948 K.
[0071] (Example 43}

An MgO target for sputtering according to the Example
43 (electrical registivity: 8 x 107° mQcm) was manufactured
as in the Example 1, except that the amount of the Mgl powder
was changed to 45.0 mol%, the TiC powder was changed to 55.0
mol% of the TiN powder having an average particle diameter
of 1.0 pm and a purity of 2 N, and the sintering temperature
was changed to 1948 K.
[0072] (Example 44)

An MgO target for gputtering according to the Example
44 (electrical resgistivity: 7.5 x 107" mQ-cm) was manufactured

that the amount of the MgC powder

5

as in the Example 1, axcep
was changed to 40.0 mol%, the TiC powder was changed to 60.0
mol% of the TiN powder having an average particle diameter

1.0 wm and a purity ¢f 2 N, and the sintering temperature

s

o
was changed tc 1548 K.

[C073] {(Comparative Example 11)

An Mg0O target for sputtering according to the

comparative Example 11 was to be manufactured as in the



Example 1, except that the amount ¢f the MgO powder was changed
to 392.0 mol%, the amount of the TiC powder was changed to 61.0

mol%, and the sintering temperature was changed to 1948 K;

however, dense sintering could not be perfcrmed. 2although
the sintering temperature was increased, the MgO crystal

particles were grown t£o become an inhomogeneous sintered body.
A similar result was cobtained when the TiC powder amount was

morye than €1.0 mol%.

[0074] (Comparative Example 12)

An MgO target for sputtering according to the
comparative Example 12 was to be manufactured as in the
Example 1, except that the amount of the MgO powder was changed
to 39.0 mel%, the TiC powder was changed to 61.0 mol% of the
VC powder having an average particle diameter of 1.0 um and
a purilty of 2 N, and the sintering temperature was changed
te 1948 K; however, dense sintering could nct be perfcormed.
Although the sintering temperature was increased, the Mgl
crystal particles were grown to become an inhomogeneous
sintered body. A similar result was obtained when the TiC
powder amount was more than €1.0 mol%.

[0078] {(Comparative Example 13)

An MgO target for sputtering according to the
comparative Example 13 was to be manufactured as in the
Example 1, except that the amount of the Mg0 powder was changed
to 32.0 mol%, the TiC powder was changed to 61.0 mol% of the
WC powder having zan average particle diameter of 1.0 pum and

a purity of 2 N, and the sintering temperature was changed
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to 1248 K; however, dense sintering could not be performed.
Although the sintering temperature was increased, the MgO
crystal particles were grown to become an inhomogeneous
sintered body. & similar result was obtained when the WC
powder amount was more than 61.0 mol%.

[007¢] {Comparative Example 14}

An MgO target for sputtering according to the
comparative Example 14 was to be manufactured as in the
Example 1, except that the amount of the Mg0 powder was changed
to 39.0 mol%, the TiC powder was changed to 61.0 mol% of the
TiN powder having an averadge particle diameter of 1.0 um and
a purity of 2 N, and the sintering temperature was changed
to 1948 X; however, dense sintering could ncot be performed.
Although the sintering temperature was increased, the Mg0
crystal particles were grown to become an inhomogeneous
sintered body. A similar result was cbtained when the TiN
powder amount was more than 1.0 mol%.

(00771 (Film formation method)

First, an MgC (001) substrate was provided as a
substrate, and an Fe f£ilm as an intermediate laver between
the gsubstrate and an Mgl film was formed on the substrate by
sputtering. In the sputtering of the Fe filwm, the air in a
sputtering chamber wag exhausted to 5 x 107° Pa, and the film
formation was performed in an Ay atmosphere of 0.67 Pa. The
electrical power input to a Fe target was 50 W, and the film
formation was performed by an RF magnetron sputtering method.

The MgO-TiC film (Examples 1 to 8}, the MgO-VC film



(Examples % to 16}, MgO-WC film (Examples 17 to 24), and the
MgO-TiN film (BExamples 25 to 32) were formed on the MgO (001)
substrate having the intermediate layer by sputtering. In
the same manner as above, the MgO-TiC film (Examples 33 to
35), the MgO-VC film (Examples 36 to 38}, the MgO-WC film
(Examples 3% to 41}, and the MgO-TiN film (Examples 42 to 44}
were formed by sputtering. In the formation of each £ilm by
sputtering, the air in the sputtering chamber wag exhausted
to 5 x 107" Pa, and the film formation was performed in an
Ar atmosphere of 0.3 Pa. The electrical power input to a
target was 300 W, and the film formation was performed by a
DC magnetron sputtering method.

Each substrate was subjected to X-ray diffraction (XRD)
measurement, and the orientation of the formed film was

examined. The results are shown in Table 1.



Film Thickness Film . ‘ .
Used target formation . formation  |Orientation
subsirate of Fe film rate

Exampie!l Me090mol% —TiC10mol% MgH001) [10nm 23nm/min  |Cubic{001)orientation
Example? MgO89mol%—TiC1Imeld MegQ(B01) [10nm 25nm/min  [Cubic{001)orientation
Exampied MgOB8.0mal%~~TiC12 0mol%  {MgQI001) [10nm 27nm/min  [Cubic{001)orientation
Exampled MegO85 8molk —TiC 14 4mol%  [MgOB01) 10nam 33nm/min  |Cubic{00orientation
Exampled MgO77 6melh~TiC22.4mol%  {MgO(G01) |10nm 36nm min  [Cubic{001)orientation
Exampled kMgO80mol%— TiC40mal% MgO(G01) |10nm G4nm/min  (Cubic{001Jorientation
ExampleT Mg 55mol%— TiC45mal% MgO{G01) [10nm [ 72nm/min  [Cubic(001lorientation
Exampied WegO50 0molh—TiIC50.0mols  |MeO(B01) |10nm 80nm/min  [Cubic{001orientation
Examplel MegO80mol% — VG 10mol% MgOB013 [10nm [ 1anm/min  [Cubicl00 Jorientation
Examrmplet0 MgOBImols —VC1imol% MgQ(001} |10nm ténm/min  |Cubic{001lorientation
Example!1 MgO88 Omolt—VC120mols  [MgO(0B81) 110nm 15nm min |Cubicl001)orientation
Example1? MgOB5 0mol%—VE15 0meol%  [MgQG0T) 110nm 18nm/min  |[Cubic(001jorientation
Examplell Mg069.3mols— V038 Tmol%  [MgO(001) 110nm 38nm/min |Cubic{001)orientation
Examplei4 MgO860mol% - VC40molh MgOl001; 110nm Sinm/min  |Cubic(001jorientation
Exampleid MgO55mol%~VC45mol% MgO(0561; {10nm STnm/min  |Gubic{001jorientation
Examplel6 Me050 Umoli—~VC50.0mel%  [MgO(O01) 110nm B4nm/ min | Cubic(001)erientation
Examplel7 MgO80mel%—WC10mol% MgO(001) 110nm Z2inm/min  |Cubic(D01lortentation
Examplei8 MgO88mels—WC1Tmol% MegOW0G1) {10nm 23nm/min {Cubic(001jorientation
Examplel19 MgO8B.0moli—WC120mol% [MgO001) {10nm 25nm/min  {Cubic(001 jorientation
Example20 MgO85 0molh—WC13.0mol%  [MgO(081) 110nm 3tnm/min  {Cubic(001)orientation
Example?1 Mg 72 1molb—WG27 9mol%  [MgO(081) {10nm 57nm/min {Cubic(001)orientation
Exampled? MegO60molh —WC40mol% MgOL001) §10nm 8inm/min {Cubic(001jorientation
Example23 MaO55mol% —WC45moll% MgO081 {10nm g2nmsmin  {Cubic(001}orientation
Example24 MeO50 0mol%~WC50.0mol%  [MgO(001) 10nm 102nm/min Cubic(001)orientation
Example?d Mg 90mol% - TiN10mot% IMgO(081) {10nm 2inm/min  1Cubic(001jorientation
Example26 MegC88mol%i— TiNT1molk MgO(001) 110nm 23nm/min iCubic(001)orientation
Example2? MgO88 Omolk—TiN12.0molk  [MgQ{001) Hinm 25nm/min  jCubic(001jarientation
Examnle28 MeO85 Omol%—TiN15.0molh  [MgO{001] 110nm 3inm/min  {Cubic(001jorientation
Examplel?d MeO79 2molh—TiN24 Brnol%  [MgO{001) [10nm 35nm/min iCubic{007)orientation
Example30 MeO60molh — TiN4Gmolh MgO001) 110nm 56nm/min  1Cubic{001)orientation
Example3 1 MegO35molb— TiNgSmol% MgO{001) 110nm B3nm/min  1Cubic(001jorientation
Example32 MgO50 Omols — TINGO Omol%  |MgQ001) 110nm T0nm/min  iCubiclD01lorientation
Comparative Example! [MgO100mol%— TiC0mol% MzO001) HOnm — —

Comparative Example2 [MgO85moelh—TiCSmol% MgO001) {10nm e oo

Comparative Exampied [Mg082 Smole—TiCT 1mol% MeO001) [10nm — -

Comparative Exampled [MgO%1mol% —TiCOmol% MgO00t) {10nm — —_

Exampledd Mg 8mol% —TiC5 mol% MgO001) 110nm 82nm/min  1Cubic(001jorientation
Exampled4 MeO45mol% — TiC55mol% MgO001) {10nm 88nm/min iCubic{001jorientation
Exampled5 MeC40mot% — TiC60mol% MgO(001) {10nm 98nm/min  1Cubic(001}orientation
Comparative Exampled [MgO9omol%—VChimol MeO(001) 110nm — —

Comparative Exampief Mg Tmiol% — VO imaol% MeO001) HMinm - —

Example3t MgO49mslh VTS5 Tmol% MgO061) {10nm B85nm./min  1Cubic(001)orientation
Exampled7 MgO45mel% — VCh5mal% MgO(001) H0nm T0nm/min iCubic(00T)orientation
Example38 Mel40mol% — VCB0mot% MezO(001) H0nm TInm/min iCubic{00onentation
Cormparative Exampla7 |[MgO93mol%—WCbmol% MgO(001) [10nm — —

Comparative Example8 [MeO91molh—WC9mol% MgO{001) [10nm — —

Example3d MeOd9mol% —WCETmol% MgOl001) |[10nm 104nm. min i Cubic(001jorientation
Exampled0 MgO45molh —WC58mol% MgO{001) [10nm 112nm/min }Cubici001)orientation
Exampied1 Mgl 40meolh — WCB0moli MeO{001) 110nm 122nm/min {Cubic{001jorientation
Comparative Exampled [Mg0% mal% ~ TiNmol% MgO{001; NM0Onm s P

Comparative Example 10|Mg0%1mol%— TiNOmol% MgO(00t) 110nm - -

Exampled?2 Mg049moli— TiINS Tmol® Mg 00015 [10nm Tinm/min  Cubicl001Jorientation
Exampie4d Mg045mols — TiNGSmols MeO{00t) 0nm TTnmi/min  {Cubic{001iorientation
Exampledd WMegO40mol%— TiNG0mo MeO001) H10nm B4nm. mire  iCubic{001)orientation

[
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Example

Comparative Example

{0079]

As seen 1n Table 1, in the MgO-TiC film (Examples 1 to
8}, the Mg0-VC film (Examples ¢ to 16}, the Mg0O-WC film
(Examples 17 to 24), and the MgO-TiN film (Exanmples 25 to 32,
it was confirmed that a fiilm which had a cubic structure, was
gingly oriented on the (001) surface, was dense and smooth,
and had substantially no sc-called particle was obtained.
focso]

As described above, by virtue of the use of the MgO
target for sputtering wmainly composed of Mg0 and the
electroconductive compound TiC, VC, or TiN having a cubic
crystal system or the slectroconductive compound WC having
a hexagonal crystal system, 1t is possible te form a f£ilm
having a cubic crystal system and singly oriented on the (001)
surface, and 1t was found that the target concerned can be
most sultably used for forming a ground laver of a magnetic
layer o©f a magnetic recording medium. Meanwhile, the MgO
targets for sputtering of the Examples 33 tc 44 wers
film-formed by sputtering in the same manner as above, so that
the £ilm formation rate wasg large, and a £ilm singly cocrientead
on the (001) surface could be formed as in the above case;
nowever, a smooth and dense film sometimes could not be

obtained owing to production of particles. &Although the Mg0

Lot
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targets for sputtering of the comparative Examples 1 to 10
were to be film-formed by sputtering as in the same manner
as above, they could not be film-formed by the DC sputtering
method because the resistance values of the targets were large.
The materials in the comparative Examples 11 to 14 could not
be provided in the evaluation of sputtering film formaticn
pecause no dense sintered body could be obtained.
(0081l

A powder having a smaller particle diameter than the
electroconductive powder such as the TiC powder used in the
Examples 1 to 44 1s used, and when the particles of the
electroconductive powder are adjacent to the grain boundary
of the MgO particles in the Mg0O target, a path for electrons
is formed. Even in the comparative Example 3, for example,
it was found that film formation could be performed even if
the concentration of the electroconductive powder was less
than 7.1 mol%.
[coBZ]

Although not listed as a Comparative Example in Table
1, the Mg0 target for sputtering in which particles of, for
example, TaC (cubic crystal gystem), NbC {(body-centered cubic
crystal system), 5$iC (hexagonal crystal system), CriC,
(orthorhombic crystal sgystem), Fe.C, {orthorhombic crystal
system;, or C (hexagonal crystal gystem) were added as the
electroconductive materials to the Mgl particles was
manufactured. However, the MgO target in which the particles

of TalC f{cubic crystal system), NbC (body-centered cubic

32



crystal system}, or SiC {hexagonal crystal system) were added
to the Mgl particles could not be satisfactorily sintered,
so that sputtering film formation could not be performed. In
the Mg0 target in which the particles of Cr.C, (orthorhombic
crystal system), Fe;C; (orthorhombic crystal system), or C
thexagonal crystal system) were added to the Mg0 particles,
aithough sputtering film formation could be performed, the
particles are significantly produced, so that a dense and
smocth film could not be obtained. Thus, the Mg0 target is
not suitable as the target for DC sputtering. Particularly,
in Cr.C, {(orthorhombic crystal system) and Fe,C, (orthorhombic
crystal system), the single orientation could not be imparted
to the (001) surface of the MgO film. Additionally, in
crystal system electroconductive materials other than the
electroconductive materials having the cubic crystal system
or the hexagonal crystal system according to the present
invention, the single orientation could not be imparted to
the (001) surface of the Mgl film, similarly. BAfter all, it
was found that TiC (cubic crystal system), VC (cubic crystal
system), TiN {(cubic crystal system), and WC (hexagonal
crystal system) were high-melting point electroconductive
materials and suitable for the target as the object of the

present invention.

)
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CLAIMS
1. An Mg0 target for sputtering, which comprises MgO and
an electroconductive material as main components, and in
which the electroconductive material is capable of imparting
orientation to & MgC film when the MgO film containing the
electroconductive material is formed by a DC sputtering.
2. The Mg0 target for sputtering according to claim 1,
wherein the electroconductive material ig an
electroconductive compound.
3. The MgC target for sputtering according to claim 2,
wherein a ratic of Mg0 to the total of Mgl and the
electroconductive compound contained in the MgO target 1s 40
to 90 mol%.
4. The Mg0 target for sputtering according to c¢laim 2 or
3, wherein a crystal system of the electroconductive compound
is a cublc crystal system or a hexagonal crystal svstem.
5. The MgO target for sputtering according to claim 4,
wherein the electroconductive compound 1s at least one of TiC,
VC, WC, and TiN.
5. The Mg0 target for sputtering according to any one of
claims 1 to 5, wherein particles of the electroconductive
material are in contact with each other in the Mg0 target,
and form a path for electrons.
7. The MgC target for sputtering according to claim 6,
wherein the electroconductive material exists in a grain
boundary of MgC particles.

8. The MgQ target for sputtering according to claim 7,

Lok
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wherein the electroconductive material exists to encompass

the MgO particles.
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