
EP 0 391 258 B1 Description The present invention relates to a magnetic
recording medium, particularly a magnetic recording medium useful for a
magnetic recording apparatus such as a magnetic disk apparatus, a flexible
disk apparatus or a 5   magnetic tape apparatus, with its magnetic
properties remarkably improved, and a method for its production. In recent
years, the application range of magnetic recording apparatus such as
magnetic disk apparatus, flexible disk apparatus and magnetic tape
apparatus, has been remarkably expanded, and their importance is
increasing. At the same time, with respect to magnetic recording media to
be used for such apparatus, a remarkable improvement in the recording
density is being made. 10     With respect to such magnetic recording
media, it is still required to further increase the recording density. For
this purpose, it is required to increase the coercive force and the signal
to noise ratio (SN ratio) of the mag- netic recording layer. It is
generally known that there are the following relations between the
properties of a magnetic recording medium and the linear recording density,
the output and the SN ratio: 15       (Linear recording density) [err]
(Hc/Br.t) (Output) cc (Br.t.Hc) (SN ratio) [err] (Hc/Br.t) where Hc
represents the coercive force, Br represents the residual magnetic flux
density, and t represents the thickness of the layer. Further, symbol [err]
indicates that the property on the left side is proportional to the 20
value on the right side. Accordingly, in designing a magnetic recording
medium having a high recording density, it is necessary to increase the
coercive force Hc, while maintaining Br.t without impairing the required
output. In recent years, with a view to attaining the high recording
density, thin metal layer-type magnetic recording media have been used
instead of coating-type magnetic recording media wherein the magnetic layer
is formed 25  by coating a magnetic coating material comprising a magnetic
powder and a binder resin. In such thin metal layer-type magnetic recording
media, the magnetic layer is formed by a method such as electroless
plating, electroplating, sputtering or vapor deposition. As the composition
for such a magnetic layer, a Co(cobalt)-P(phosphorus) alloy, a
Co-Ni(nickel)-P alloy, a Co-Ni-Cr(chromium) alloy or a Co-Ni-Pt (pla-
tinum) alloy has been practically emaloyed (see e.g. EP-A-205239). 30
Recently, it has been reported that in a layer-forming method by
sputtering, a high coercive force is ob- tainable by applying a negative
bias voltage to the substrate during the formation of the magnetic layer
(The 35th Lecture Meeting of Applied Physics Related Association in 1988,
Reference Materials 29a-C-9 and -10, and Electrocommunication Association,
Electronic Part Material Study Group, Reference Material CPM88-92). In
these reports, it is stated that the application of the bias voltage is
effective only for a specific composition 35  containing Cr in at least a
certain amount (Co 70 atomic % - Ni 20 atomic % - Cr 10 atomic %, Co 86
atomic % - Cr 12 atomic % - Ta 2 atomic %). It has also been reported that
a further increase in the coercive force is observed when a magnetic layer
is formed by adding vanadium to a composition of Co 70 atomic % - Ni 20
atomic % - Cr 10 atomic % and forming the magnetic layer under an
application of a bias voltage (The 12th Lecture Meeting of Japanese Ap- 40
plied Magnetic Association in 1988, Collection of Summaries 30a-C-5).
Further, it Is known, for example, from the Japanese Unexamined Patent
Publication No. 33324/1982 to form a magnetic layer by sputtering under an
application of a bias voltage. This publication discloses a method for
improving the vertical magnetic properties by forming a magnetic Co-Cr
alloy layer under an application of a bias voltage, and it is disclosed
that by the application of the bias voltage, an increase in the coercive
force 45  was observed. The present inventors have found it possible to
obtain a magnetic recording medium having a high coercive force by forming
the magnetic recording layer by sputtering under an application of a bias
voltage to obtain a 



certain specific composition of the magnetic layer. The present Invention
has been accomplished on the basis of this discovery. 50     It is an
object of the present invention to provide a magnetic recording medium
having the magnetic prop- erties remarkably improved, and a method for its
production. The present invention provides a magnetic recording medium
comprising a non-magnetic substrate and a magnetic alloy layer formed on
the substrate with a non-magnetic primer layer containing chromium as the
main component interposed therebetween, wherein the magnetic alloy layer
contains cobalt and nickel as the 55  main components and from 0.005 to 8
atomic % of boron and has been formed by sputtering under such a condition
that a negative bias voltage is applied to the non-magnetic substrate. The
present invention also provides a method for producing a magnetic recording
medium, which com- prises sequentially forming on a non-magnetic substrate
a non-magnetic primer layer containing chromium as 2    EP 0 391 258 B1 the
main component and a magnetic alloy layer by sputtering, wherein the
magnetic alloy layer is formed by sputtering under such a condition that a
negative bias voltage is applied to the non-magnetic substrate to form a
magnetic alloy layer containing cobalt and nickel as the main components
and from 0.005 to 8 atomic % of boron. 5      Here, the negative bias
voltage means a potential relatively lower than the plasma potential. In
the accompanying drawings, Figure 1 is a graph showing the relation between
the amount of B added and the coercive force, obtained from Examples 1 to 6
and Comparative Example 1. Figure 2 Is a graph showing the relation between
the substrate bias voltage and the coercive force obtained from Example 7
and Comparative Example 2. 10     Figure 3 is a graph showing the relation
between the substrate temperature during the layer-forming op- eration and
the coercive force obtained from Example 8 and Comparative Example 3.
Figure 4 is a graph showing the relation between the amount of B added and
the coercive force obtained from Examples 10 to 13 and Comparative Example
3. Figure 5 is a graph showing the relation between the substrate bias
voltage and the coercive force obtained 15  from Example 14 and Comparative
Example 4. Figure 6 is a graph showing the relation between the substrate
temperature during the layer-forming op- eration and the coercive force
obtained in Example 15. Figure 7 is a diagrammatical illustration of a
sputtering apparatus used in Example 17, in which reference numeral 1
indicates a target, numeral 2 indicates a substrate holder, numeral 3
indicates a non-magnetic sub- 20  strate, numeral 4 indicates an
intermediate electrode, numeral 5 indicates a power source for sputtering,
and numeral 6 indicates a power source for the Intermediate electrode.
Figure 8 Is a graph showing the relation between the substrate bias voltage
and the coercive force obtained in Example 17 and Comparative Example 7.
Figure 9 is a graph showing the relation between the intermediate electrode
potential and the coercive 25  force obtained in Example 18 and Comparative
Example 8. Now, the present invention will be described in detail with
reference to the preferred embodiments. In the present invention, the
non-magnetic substrate is not particularly limited. Usually, an aluminum
alloy plate provided with a nickel-phosphorus layerformed by electroless
plating, is used. However, it is also possible to employ other substrates
such as a substrate of a metal such as copper or titanium, a glass
substrate, a so  ceramic substrate or a resin substrate. However, in a case
where the substrate is a non-conductive substrate, a certain adjustment is
required, for example, alternate current is adopted for the bias voltage
application sys- 



tem for the formation of the magnetic layer, oran apparatus is adjusted to
increase the plasma potential during sputtering while maintaining the
substrate at a level of the ground potential. The non-magnetic primer layer
containing Cr as the main component (hereinafter sometimes referred to 35
as a "Cr-type primer layer") formed on such a non-magnetic substrate,
usually has a thickness of at least 10 nm (100 A), preferably at least 30
nm (300 A). The upper limit of the thickness is not particularly limited.
How- ever, the thickness is preferably practically not higher than 300 nm
(3000 A) from the viewpoint of the produc- tivity and the magnetic
properties other than the coercive force, such as squareness. When a
magnetic layer is formed by usual sputtering without applying a negative
bias voltage to the sub- 40  strate, the thickness of the Cr-type primer
layer is required to be at a level of from 150 to 300 nm (1500 to 3000 A)
in order to increase the coercive force of the magnetic layer. Whereas, the
thickness of the Cr-type primer layer may be thin so long as it is
sufficient for the in-plane orientation of the axis of easy magnetization
of the magnetic layer, and even with a thin primer layer, a high coercive
force can easily be obtained. The Cr-type primer layer may be any layer so
long as it contains Cr as the main component. Namely, so 45  long as the
crystallinity of Cr is not impaired, it may contain elements other than Cr,
such as aluminum, copper, silicon etc. in a few %. There is no particular
restriction as to the sputtering conditions for forming the Cr-type primer
layer. It is possible to employ sputtering conditions which are commonly
employed for the formation of a usual Cr-type primer layer. At that time, a
negative bias voltage may or may not be applied to the substrate. When it
is applied, 50  the magnetic properties will be improved to some extent. In
the present invention, the magnetic alloy layer to be formed on such a
Cr-type primer layer, is a Co-Ni- B type magnetic layer which contains Co
and Ni as the main components and from 0.005 to 8.0 atomic %, more
preferably from 2 to 5 atomic %, of B. If the content of B exceeds 8 atomic
%, no adequate effects for increasing the coercive force will be obtained.
55      Further, the coercive force tends to increase as the content of Ni
increases. Ni may be contained at a level of about 40 atomic % at the
maximum relative to Co. However, it is preferably contained in an amount of
from 15 to 35 atomic % relative to Co. More preferably, it is contained in
an amountof from 20 to 35 atomic % relative to Co. 3    EP 0 391258 B1
Further, in the present invention, it is possible to employ a Co-Ni-Cr-B
type alloy magnetic layer, which is obtained by incorporating Cr to the
Co-Ni-B type magnetic layer. In this case, the content of Cr is usually
within a range of from 5 to 26 atomic %, preferably from 6 to 18 atomic %,
more preferably from 8 to 14 atomic %. If the Cr content exceeds 26 atomic
%, the saturation mag- 5   netic flux density tends to be small and
impractical. On the other hand, if it is less than 5 atomic %, the effects
for increasing the coercive force will be small. Further, when sputtering
for the formation of the magnetic layer is conducted in an argon
atmosphere, ar- gon is unavoidably included In the magnetic layer by the
bias effects which will be described hereinafter. The amountof argon is ata
level offrom about 0.2 to 1.5 atomic %, which is largerthan the case of a
usual sputtering 10  layer-forming operation wherein a negative bias
voltage is not applied to the substrate. The thickness of the magnetic
layer may suitably be determined depending upon the properties required for
the magnetic recording medium. Usually, it is preferably from 30 to 150 nm
(300 to 1500 A). The method for producing a magnetic recording medium of
the present invention Is characterized in that the above-mentioned Co-NI-B
type alloy magnetic layer is formed by sputtering under such a condition
that a 15  negative bias voltage is applied to the non-magnetic substrate
i.e. In such a state that a voltage relatively lower 



than the plasma potential Is applied to the non-magnetic substrates. To
apply a voltage relatively lower than the plasma potential to the
non-magnetic substrate, it is possible to employ a method wherein a
negative voltage is applied to the non-magnetic substrate relative to the
ground- ed portion of the main body of the sputtering apparatus
(hereinafter referred to also as a substrate bias meth- 20  od), or a
method wherein the plasma potential is adjusted to be higher than the
ground potential while main- taining the non-magnetic substrate at a level
of the ground potential. In the present invention, the coercive force of
the magnetic recording medium obtained, is remarkably in- fluenced by the
negative bias voltage applied to the substrate during the formation of the
magnetic layer by sputtering. Namely, as shown in Figure 2, in the Examples
given hereinafter, a high coercive force of at least 25  1000 oersted (Oe)
Is obtainable when the negative substrate bias voltage exceeds -40 V.
However, If the neg- ative bias voltage applied to the non-magnetic
substrate is too much, the formed magnetic layer is subjected to
re-sputtering, and the magnetic properties tend to be poor. Accordingly,
when the above-mentioned substrate bias method is employed, as to a high
frequency mag- netron sputtering method, the negative substrate bias
voltage is preferably within a range of from about -40 30  to -200 V for
forming the above-mentioned Co-Ni-B type alloy magnetic layer, or within a
range of from about -40 to -250 V forforming the above Co-Ni-Cr-B type
alloy magnetic layer, and as to a direct current magnetron sputtering
method, the negative substrate bias voltage is preferably within a range of
from about -50 to -500 V. Whereas in the case of the method wherein the
plasma potential is set at a level higher than the ground 35  potential
while maintaining the non-magnetic substrate at a level of the ground
potential, it Is preferred that an intermediate electrode is provided in
the vicinity of the target, and a positive voltage of e.g. not higher than
1000 V, preferably from 50 to 500 V, is applied to the intermediate
electrode relative to the grounded portions of the non-magnetic substrate
and the main body of the sputtering apparatus. The effects of the
application of the plasma potential and the bias potential during the
layer-forming op- 40  eration by sputtering, are affected by the
geometrical influences such as the dimension and the shape of the
sputtering apparatus. Therefore, the above-mentioned values of the negative
substrate bias voltage and the values of the positive voltage applied to
the intermediate electrode, are not absolute values, and the optimum ranges
thereof vary depending upon the particular apparatus. The coercive force of
the magnetic recording medium obtained, is remarkably influenced by the
temper- 45  ature of the non-magnetic substrate during the sputtering
operation. Namely, as shown in Figure 3, in the fol- lowing Examples, a
remarkable increase of the coercive force is observed when the substrate
temperature becomes to be atleast [err] and it is possible toobtain a high
coercive force exceeding 1000 Oe. Accordingly, the substrate temperature
during the layer-forming operation, is preferably at least [err], more
preferably at least [err]. The upper limit for the substrate temperature
during the layer-forming operation, can not simply 50  be defined. However,
for example, in the case of an aluminum alloy substrate provided with a
nickel-phos- phorus plating by electroless plating, the substrate
temperature is usually preferably at most [err] to maintain the surface
smoothness and to prevent the magnetization of the nickel-phosphorus
plating. The pressure dur- ing the sputtering operation is preferably as
low as possible, since the mean free path for atoms or ions thereby
increases. However, under a highly vacuumed condition exceeding 0.1333 Pa
(1 x [err] Torr), it is difficult to 55   maintain a stabilized plasma
state by a usual sputtering apparatus. Therefore, the practical pressure
range Is preferably from 0.1333 to 2.666 Pa (1 x [err] to 20 x [err] Torr).
The sputtering method may be a direct current magnetron sputtering method
or a high frequency magne- tron sputtering method. When the substrate is a
non-conductive substrate, a high frequency magnetron sput- 4    



EP 0 391 258 B1 tering method is preferred. In the magnetic recording
medium of the present invention, a protective layer such as carbon and/or a
lu- bricant layer composed of a suitable lubricant may further be formed on
the magnetic layer, as the case re- quires. 5      With a magnetic layer
having a composition of Co 80 atomic % - Ni 20 atomic %, the coercive force
is at a level of from 700 to 800 Oe, and with a magnetic layer composed
solely of Co, or Co and Ni, no increase in the coercive force is observed
even when the magnetic layer is formed by sputtering under such a condition
that a negative bias voltage is applied to the substrate. The coercive
force is substantially Increased byforming a magnetic layer containing Co
and Ni as the main 10  components and the predetermined amount of B, by
sputtering under such a condition that a negative bias voltage is applied
to the substrate. Now, the present invention will be described in further
detail with reference to Examples and Comparative Examples. However, it
should be understood that the present invention is by no means restricted
by such spe- cific Examples. 15 EXAMPLES 1 to 6 and COMPARATIVE EXAMPLE 1 A
non-magnetic Ni-P layer was formed by electroless plating in a thickness of
25 [err] on the surface of an aluminum alloy disk substrate having an inner
diameter of 25 mm and an outer diameter of 95 mm, and the 20  surface was
polished for specular finish to obtain Ra (central line average roughness)
of from 2 to 3 nm (20 to 30 A). This non-magnetic substrate was mounted in
a high frequency (13.56 MHz) magnetron sputtering apparatus, and the
apparatuswas evacuated to 1.333x [err] (1 x [err] Torr). Then, the
substrate temperature was raised to [err] and a Cr primer layerwas formed
in a thickness of about 140 nm (1400 A) while applying a direct current
bias voltage of -100 V to the substrate. 25 Then, by using various targets
having different number of B chips mounted on targets having a composition
of Co 80 atomic % - Ni 20 atomic %, sputtering was conducted while applying
a direct current bias voltage of -100 V to form various magnetic layers in
such a thickness as to bring the saturation magnetization quantity of each
magnetic layer to a level of 5.9 x [err] T (4.7 x [err] emul/[err]), to
obtain magnetic recording media. The coercive forces Hc of the magnetic
recording media thus obtained were measured, and the results 30  are shown
together with the compositions of the magnetic layers in Table 1 and in
Figure 1. The measurement of the coercive forces Hc was conducted by means
of a sample vibrating type magnet- ometer, and the analysis of the
compositions of the magnetic layers was conducted by a chemical analysis.
35 40 45 50 55 5    EP 0 391 258 B1 Table 1 Composition of magnetic layer
(atomic  %)Coercive force  (Oe) Co           Ni         B 



10           Example  1          79.7        19.9         0.4           780
Example  2          79.2        19.8         1.0           840 15 Example
3          78.2        19.5         2.3           1050 Example  4
77.0        19.3         3.7           1280 20 Example  5          75.2
18.8         6.0           1070. Example  6          73.6        18.4
8.0           800 25 Compara- tive                80.0        20.0
-            700 Example 1 30 From Table I and Figure 1, it is evident that
by the addition of B, the coercive force is remarkably improved, and there
is an optimum range for the content of B. 35   EXAMPLE 7 and COMPARATIVE
EXAMPLE 2 Magnetic recording media were prepared in the same manner as in
Example 1 except that Ni and B chips were mounted on a target having a
composition of Co 80 atomic % - Ni 20 atomic % to adjust the composition of
the magnetic layers to Co 66.1 atomic % - Ni 31.6 atomic % - B 2.3 atomic
%, and the direct bias voltage 40   of the non-magnetic substrate was
adjusted to the voltage shown in Table 2. The coercive forces of the re-
spective media were measured, and the results are shown in Table 2 and in
Figure 2. Further, a case where no bias voltage was applied to the
substrate is shown as Comparative Example 2. 45 50 55 6    EP 0 391 258 B1
Table 2 5                               Substrate  bias
Coercive  force voltage  (V)                      (Oe) -50
1150 10 -100                        1380 Example 7 -150
1290 -200                        1100 20       Compa ra- tive
780 Example 2 25      From Table 2 and Figure 2, it is evident that by the
application of a negative bias voltage, the coercive force is remarkably
improved, and there is an optimum range. EXAMPLE 8 30      Magnetic
recording media having magnetic layers having a composition of Co 66.1
atomic % 1 - Ni 31.6 atomic % - B 2.3 atomic %, were produced in the same
manner as in Example 1 except that the substrate tem- 



perature during the formation of the magnetic layers was changed to the
temperature shown in Table 3. The coercive forces of the respective
magnetic recording media were measured, and the results are shown in Table
3 and in Figure 3. 35      Here, the substrate temperature during the
formation of each layer is represented by the substrate tem- perature
immediately prior to the formation of the layer. Table 3 40 Substrate
temp.             Coercive  force [err]                        (Oe) 45 30
800 120                        1010 50 160                        1380 200
1480 250                        1520 7    EP 0 391 258 1 EXAMPLE 9 A
magnetic recording medium was produced in the same manner as in Example 1
except that Ni and B chips were mounted on a target having a composition of
Co 80 atomic % - Ni 20 atomic % to adjust the com- 5   position of the
magnetic layer to Co 66.1 atomic % - Ni 31.6 atomic % - B 2.3 atomic %, and
a bias voltage of -100 V was applied to the substrate only during the
formation of the magnetic layer. The coercive force was measured and found
to be 1330 Oe. This value is slightly smaller than the case where the
substrate bias voltage was applied also at the time of forming the Cr
primer layer. 10 EXAMPLES 10 to 13 and COMPARATIVE EXAMPLE 3 A non-magnetic
Ni-P layer was formed by electroless plating in a thickness of 25 pm on the
surface of an aluminum alloy disk substrate having an inner diameter of 25
mm and an outer diameter of 95 mm, and the 15  surface was Polished for
specular finish to obtain Ra (central line average roughness) of from 2 to
3nm (20 to 30A). This non-magnetic substrate was mounted in a high
frequency (13.56 MHz) magnetron sputtering ap- paratus, and the apparatus
was evacuated to 1.333 x [err] Pa( 1 x [err] Torr). Then, the substrate
temperature was raised to [err], and a Cr primer layer was formed In a
thickness of about 140 nm (1400 A) while applying a direct current bias
voltage of -100 V to the substrate. 20      Then, by using various targets
having different number of B chips mounted on targets having a composition
of Co 80 atomic % - Cr 8 atomic % - Ni 20 atomic %, sputtering was
conducted while applying a direct current bias voltage of -100 V to form
various magnetic layers in such a thickness as to bring the saturation
magne- tization quantity of each magnetic layer to a level of 5.9 x [err] T
(4.7 x [err] emu/[err]), to obtain magnetic re- cording media. 25      The
coercive forces Hc of the magnetic recording media thus obtained were
measured, and the results are shown together with the composition of the
magnetic layers in Table 4 and in Figure 4. The measurement of the coercive
forces Hc was conducted by means of a sample vibrating type magnet- ometer,
and the analysis of the compositions of the magnetic layers was conducted
by a chemical analysis. 



30 Table 4 Composition of magnetic 35                         layer
(atomic  %)                      Coercive force  (Oe) Co      Ni
Cr         B Example  10    73.4          17.7       7.9       1.0
1500 40 Example  11    71.3          17.3       7.7       3.7          1740
45       Example  12    70.3          17.1       7.6       5.0
1700 Example  13    68.0          16.6       7.4       8.0          1430
Compara- tive              74.0       18.0       8.0        -
1400 Example 3 55 From Table 4 and Figure 4, it is evident that by the
addition of B, the coercive force is remarkably improved, and there is an
optimum range for the content of B.    EP 0 391 258 B1 EXAMPLE 14 and
COMPARATIVE EXAMPLE 4 The magnetic layer was formed in the same manner as
in Example 10 except that the composition of the magnetic layer was
adjusted to Co 71.3 atomic % - Ni 17.3 atomic % - Cr 7.7 atomic % - B 3.7
atomic %, and 5   the direct current bias voltage applied to the
non-magnetic substrate was changed to the voltage as identif led in Table
5. The coercive force of each magnetic medium was measured, and the results
are shown in Table 5 and in Figure 5. Table 5 10 Substrate  bias
Coercive  force voltage  (V)                      (Oe) 15 -50
1400 -100                        1740 Example  14                 -150
1660 25                                     -200
1500 -250                        1200 30         Compara- tive
-                          1050 Example 4 35 From Table 5 and Figure 5, it
is evident that by an application of a negative substrate bias voltage, the
coercive force can remarkably be improved, and there is an optimum range.
EXAMPLE 15 40 A magnetic recording medium having a magnetic layer with a
composition of Co 71.3 atomic % - Ni 17.3 atomic % - Cr 7.7 atomic % - B
3.7 atomic % was produced in the same manner as in Example 10 except that 



the substrate temperature during the formation of the magnetic layer was
adjusted to the temperature identi- fied In Table 6. The coercive force of
each magnetic recording medium was measured, and the results are 45  shown
in Table 6 and in Figure 6. Here, the substrate temperature during the
formation of the layer is represented by the substrate temper- ature
immediately prior to the formation of the layer. 50 55 9    EP 0 391 256 B1
Table 6 Substrate  temp.             Coercive  force [err]
(Oe) 30                          940 10 120                         1150
160                         1740 15 200                         1980 20
EXAMPLE 16 A magnetic recording medium was produced in the same manner as
in Example 10 except that the com- position of the magnetic layer was
adjusted to Co 71.3 atomic % - Ni 17.3 atomic % - Cr 7.7 atomic % - B 3.7
atomic%, and the substrate biasvoltageof -100Vwas applied only during the
formation of the magnetic layer. 25      The coercive force was measured
and found to be 1630 Oe. This value is slightly lower than the case where
the substrate bias voltage was applied also during the formation of Cr
primer layer. COMPARATIVE EXAMPLES 5 and 6 30      A magnetic recording
medium was produced in the same manner as in Example 10 except that a
target having a various number of B chips mounted on an alloy target for
the magnetic layer having a composition of Co 84 atomic % - Cr 16 atomic %,
was used. The coercive force was measured, and the results are shown in
Table 7 together with the composition of the magnetic layer. 35 Table  7
Composition of 40                              magnetic layer  (atomic  %)
coercive Co        Cr         B 45              Compara- tive
82.9      15.8       1.3          1080 Example 5 so              Compara-
tive               84.0      16.0        -           1460 Example 6 55 As
is evident from Table 7, when B is added to a Co-Cr type magnetic layer, a
decrease of the coercive force is observed. 



As described in detail in the foregoing, the magnetic recording medium of
the present invention is the one 10    EP 0 391 258 B1 wherein a magnetic
alloy layer having a specific composition is formed on a non-magnetic
substrate with a Cr-type primer layer interposed therebetween. A remarkably
high coercive force is obtained by applying a neg- ative bias voltage to
the non-magnetic substrate when the magnetic layer is formed by sputtering.
Accordingly, it is possible to provide a magnetic recording medium useful
for high density recording. 5 EXAMPLE 17 and COMPARATIVE EXAMPLE 7 The
magnetic layer was formed in the same manner as in Example 14 except that
the composition of the magnetic layerwas adjusted to Co 61 atomic % - Ni 29
atomic % - Cr 7 atomic % - B 3 atomic %, a DC magnetron 10  sputtering
apparatus was used as the sputtering apparatus, the non-magnetic substrate
was heated to  [err], and the direct current substrate bias voltage was
changed to a level as identified in Table 8. The coercive force of each
magnetic medium was measured, and the results are shown in Table 8 and
Figure 8. Table 8 15 Substrate  bias            Coercive force voltage  (V)
(Oe) 20 -200                       1600 Example 17                  400
1940 25 -500                       1800 Compara- 30          tive
-                        1100 Example 7 35      From Table 8 and Figure 8,
it is evident that by an application of a negative substrate bias voltage,
the coercive force can remarkably be improved, and there is an optimum
range. EXAMPLE 18 and COMPARATIVE EXAMPLE 8 40     In Example 17, the
magnetic layer was formed by using a sputtering apparatus as shown in
Figure 7, wherein reference numeral 1 indicates a target, numeral 2
indicates a substrate holder, numeral 3 indicates a substrate, numeral 4
indicates an intermediate electrode, numeral 5 indicates a power source for
sputtering, and numeral 8 indicates a power source for the intermediate
electrode. During the layer forming, a positive direct current voltage as
identified in Table 9 was applied. The coercive force of each magnetic
medium was 45   measured, and the results are shown in Table 9 and Figure
9. 50 55    EP 0 391 258 B1 Table 9 Intermediate 5
Intermediate                  Coercive force 



electrode  voltage                   (Oe) 10
+100                        1320 Example 18                +200
1650 15                                    +300                        1850
+400                       1750 20          Compara- tive
1000 Example 8 25 EXAMPLE 19 The magnetic layer was formed in the same
manner as In Example 18 except that the composition of the magnetic layer
was adjusted to Co 67 atomic % - Ni 30 atomic % - B 3 atomic %. During the
layer forming, a 30  current voltage of +300 V was applied to the
intermediate electrode. The coercive force was 1380 Oe. Claims 35  1. A
magnetic recording medium comprising a non-magnetic substrate and a
magnetic alloy layer formed on the substrate with a non-magnetic primer
layercontaining chromium as the main component interposed therebetween,
wherein the magnetic alloy layer contains cobalt and nickel as the main
components and from 0.005 to 8 atomic % of boron and has been formed by
sputtering under such a condition that a neg- ative bias voltage is applied
to the non-magnetic substrate. 40 2.  The magnetic recording medium
according to Claim 1, wherein the non-magnetic substrate is selected from
the group consisting of a metal substrate, a glass substrate, a ceramic
substrate and a resin sub- strate. 45  3. The magnetic recording medium
according to Claim 1 or 2, wherein the non-magnetic primer layer con-
taining chromium as the main component has been formed by sputtering under
such a condition that a negative bias voltage is applied to the
non-magnetic substrate. 4. The magnetic recording medium according to Claim
1, 2 or 3, wherein the content of nickel in the magnetic alloy layer is not
more than 40 atomic % relative to cobalt. 5. The magnetic recording medium
according to Claim 4, wherein the content of nickel in the magnetic alloy
layer is within a range of from 15 to 35 atomic % relative to cobalt. 6.
The magnetic recording medium according to any one of the preceding claims,
wherein the magnetic alloy 55      layer contains chromium. 7. The magnetic
recording medium according to Claim 6, wherein the content of chromium in
the magnetic alloy layer is from 5 to 26 atomic %. 12    Table 9
Intermediate Coercive force electrode  voltage                    (Oe) (V)
(Oe) +100                       1320 Example 18                 +200
1650 15                                     +300
1850 +400                       1750 



20 20       Compara- tive
1000 Example 8 25 EXAMPLE 19 The magnetic layer was formed in the same
manner as in Example 18 except that the composition of the magnetic layer
was adjusted to Co 67 atomic % - Ni 30 atomic % - B 3 atomic %. During the
layer forming, a 30  current voltage of +300 V was applied to the
intermediate electrode. The coercive force was 1380 Oe. Claims 35  1. A
magnetic recording medium comprising a non-magnetic substrate and a
magnetic alloy layer formed on the substrate with a non-magnetic
primerlayercontaining chromiumas the main component interposed
therebetween, wherein the magnetic alloy layer contains cobalt and nickel
as the main components and from 0.005 to 8 atomic % of boron and has been
formed by sputtering under such a condition that a neg- ative bias voltage
is applied to the non-magnetic substrate. 40 2. The magnetic recording
medium according to Claim 1, wherein the non-magnetic substrate is selected
from the group consisting of a metal substrate, a glass substrate, a
ceramic substrate and a resin sub- strate. 45  3. The magnetic recording
medium according to Claim 1 or 2, wherein the non-magnetic primer layer
con- taining chromium as the main component has been formed by sputtering
under such a condition that a negative bias voltage is applied to the
non-magnetic substrate. 4. The magnetic recording medium according to Claim
1, 2 or 3, wherein the contentof nickel in the magnetic 50      alloy layer
is not more than 40 atomic % relative to cobalt. 5. The magnetic recording
medium according to Claim 4, wherein the content of nickel in the magnetic
alloy layer is within a range of from 15 to 35 atomic % relative to cobalt.
6. The magnetic recording medium according to any one of the preceding
claims, wherein the magnetic alloy 55      layer contains chromium. 7. The
magnetic recording medium according to Claim 6, wherein the content of
chromium in the magnetic alloy layer Is from 5 to 26 atomic %. 12    8. The
magnetic recording medium according to any one of the preceding claims,
wherein the magnetic alloy layer has been formed by sputtering under such a
condition that a negative bias voltage is applied to the non-magnetic
substrate relative to the grounded portion of the main body of the
sputtering apparatus. 5   9. The magnetic recording medium according to any
one of the preceding claims, wherein the magnetic alloy layer has been
formed by sputtering undersuch a condition that the non-magnetic substrate
is maintained at a level of the ground potential and the plasma potential
is set at a level higher than the ground potential. 10. The magnetic
recording medium according to Claim 9, wherein the magnetic alloy layer has
been formed 10      by sputtering under such a condition that an
intermediate electrode is provided in the vicinity of the target, and a
positive voltage is applied to the intermediate electrode relative to the
grounded portion of the non- magnetic substrate. 11. The magnetic recording
medium according to any one of the preceding claims, wherein the
temperature 15      of the non-magnetic substrate during the formation of
the magnetic alloy layer is at least [err]. 12. A method for producing a
magnetic recording medium, which comprises sequentially forming on a non- 



magnetic substrate a non-magnetic primer layer containing chromium as the
main component and a mag- netic alloy layer by sputtering, wherein the
magnetic alloy layer is formed by sputtering under such a con- dition that
a negative bias voltage is applied to the non-magnetic substrate to form a
magnetic alloy layer 20      containing cobalt and nickel as the main
components and from 0.005 to 8 atomic % of boron. 13. The method according
to Claim 12, wherein the non-magnetic primer layer containing chromium as
the main component is formed by sputtering under such a condition that a
negative bias voltage is applied to the non-magnetic substrate. 25 14. The
method according to Claim 12 or 13, wherein the content of nickel in the
magnetic alloy layer is not more than 40 atomic % relative to cobalt. 15
The method according to Claim 14, wherein the content of nickel in the
magnetic alloy layer is within a 30      range of from 15 to 35 atomic %
relative to cobalt. 16 The method according to anyone of Claims 12 to 15.
wherein the magneticalloy layercontains chromium. 17. The method according
to Claim 16, wherein the content of chromium in the magnetic alloy layer is
from 35      5 to 28 atomic %. 18. The method according to any one of
Claims 12 to 17, wherein the magnetic alloy layer is formed by sput- tering
under such a condition that a negative voltage is applied to the
non-magnetic substrate relative to the grounded portion of the main body of
the sputtering apparatus. 40  19. The method according to any one of Claims
12 to 18, wherein the magnetic alloy layer is formed by sput- tering under
such a condition that the non-magnetic substrate is maintained at a level
of the ground po- tential, and the plasma potential is set at a level
higher than the ground potential. 20. The method according to Claim 19,
wherein the magnetic alloy layer is formed by sputtering under such 45
a condition that an intermediate electrode is provided in the vicinity of
the target, and a positive voltage is applied to the Intermediate electrode
relative to the grounded portion of the non-magnetic substrate. 21. The
method according to any one of Claims 12 to 20, wherein the temperature of
the non-magnetic sub- strate during the formation of the magnetic alloy
layer is adjusted at a level of at least [err]. 50 Patentansprfiche 1.
Magnetisches Aufzelchnungsmedlum, umfassend ein nicht-magnetisches Substrat
und elne magneti- 55      sche Legierungsschicht, gebildet auf dem Substrat
mit elner dazwischenliegenden nichtmagnetischen Grundierungsschicht
enthaltend Chrom als den Hauptbestandteil, wobei die magnetische
Leglerungs- schicht Kobalt und Nickel als Hauptbestandteile und 0.005 bis 8
Atom-% Bor enthAlt und durch Zerstiu- ben unter solchen Bedingungen
gebildet wurde, dag elne negative Vorspannung an das nicht- 13    EP 0 391
258 B1 magnetiache Substrat angelegt wird. 2. Magnetisches
Aufzeichnungsmedium gemriSAnspruch 1, wobel das nicht-magnetische Substrat
ausge- wIhIt ist aus der Gruppe, besthend aus einern Metallsubstrat, einem
Glassubstrat, einem Keramiksub- 6       strat und elnem Kunststoffsubstrat.
3. Magnetlsches Aufzeiohnungsmedium gemal Anspruch I odor 2, wobel die
nicht-magnetische Grundie- rungssechicht, enthaltnd Chrom als
Hauptbestandteil gebildet wird durch Zerstauben untbr soichen Be-
dingungen, daB eine negative Vorepannung an des nichtmagnetische Substrat
angelegt wird. 10  4. Magnetisches Aufzeichnungsmedium gemrnlAnspruch 1, 2
oder 3, wobel der Nickelgehalt in der magne- tischen Legierungsschicht
relativ zu Kobalt nicht h8her als 40 Atom-% ist. 



5. Magnetisches Aufzeichnungsmedium gemoiB Anspruch 4, wobel der
Nickelgehalt in der magnetischen La- gierungsechicht relativ zu Kobalt im
Berelch von 15 bis 35 Atom-% ist. 15 6. Magnetsches Aufzeichnungsmedium
gemina irgendeines vorangehenden Anspruchs, wobei die magne- tische
Logierungsschicht Chrom enthalt. 7. Magnetiaches Aufzeiohnungsmedlum gemai3
Anspruch 6, wobel der Chrormgehalt in der magnetiechen 20
Logierungsschicht 5 bis 26 Atom-% betragt. 8. Magnetisches
Aufzeichnungsmedium gemAS irgendelnes vorangehenden Anspruchs, wobel die
magne- tische Legierungsschicht durch Zerstfiuben unter soichen Bedingungen
gebildetwurde, daB eine negative Vorspannung an das nicht-magnetische
Substrat relativ zum geerdeten Teil des Hauptkorpers der Zer- 25
stiubungsvorrichtung angelogt wird. 9. Magnetiaches Aufzeichnungsmedium
gemAM irgendeines vorangehenden Anspruchs, wobel die magne- tische
Legierungsschicht dutch Zerstauben unter soichen Bedingungen gebildet
wurde, daB emn nicht- magnotisches Substrat auf elnem Niveau des
Grundpotbntial gehalten wird und das Plasmapotential auf sinerm hoheren
Niveau ale dus Grundpotontial eingestolit wird. 10. Magnotisches
Aufzeichnungsmedium genfiS Anspruch 9,wobei die magnotische
Legierungsschicht durch Zerstauben unter solchen Bedingungen gebildet
wurde, da eine Zwischeneiektrode in der Nahe des Targets beroitgestolit
wurde, und eine positive Spannung an die Zwischenelektrode relativ zum ge-
35      erdeten Teil des Hauptkorpers der Zerstaubungsvorrichtung angelegt
wird. 11. Magnetiaches Aufzeichnungsmedium gemalM Anspruch irgendeines
vorangehenden Anspruchs, wobel die Temperatur des nichtmagnotischon
Substrats wahrend der Bildung der magnetischen Legierungs- schicht
mindestens 1200 C [st. 40  12. Verfahren zur Herstellung sines magnotischen
Aufzeichnungsmodiums, umfassend die aufeinanderfol- gende Bildung ainer
nicht-magnetischon Grundierungsechicht, enthaltond Chrom ala
Hauptbestandtail und einer magnotischen Legierungsschicht dumch Zeretauben
auf elnem nicht-magnetischen Substrat, wobel die magnetische
Legierungsschicht dutch Zerstauben unter solchen Bedingungen gebildet wird,
daB eine negative Vorspannung an das nicht-magnetische Substrat angelegt
wird, um eine magnetische 45      Legierungsschicht zu bilden, enthaltnd
Kobalt und Nickel als Hauptbestandteile und 0.005 bis 8 Atom- % Bor. 13.
Verfahren gem&PAnspruch 12, woboi die nicht-magnetische
Grundierungsschicht, enthaltend Chrom als Hauptbestandtoil gebildetwird
durchZerstauben untersoichen Bedingungen, da sine negativeVorspan- 50
nung an das nicht-magnetische Substrat angelegt wird. 14. Verfahren gemiag
Anspruch 12 odor 13, wobei der Nickelgehalt in der magnetischen
Legierungsschicht nicht hoher als 40 Atom-% bezogen auf Kobalt betragt. 5s
15. Verfahron gemaiAnspruch 14, wobel derNickelgehaltin dermagnetischen
Legierungssohicht im Bereich von 15 bis 35 Atom-% bezogen auf Kobalt
betrigt 16. Verfahren gemnig irgendeines Anspruchs 12 bis 15, wobel die
magnetische Legierungeschicht Chrom ent- 14    EP 0 391 258 B1
I I!IIl11 11111 11111 11111 111 halt. 17. Verfahren gemral Anspruch 16,
wobel der Chromgehalt in der magnetischen Legierungsschicht 5 bis 26 Atom-%
ist. 18   Verfahren gema6 irgendeines Anspruchs 12 bis 17, wobel die
magnetische Legierungsschicht durch Zer- stauben unter solchen Bedingungen
gebildet wurde, daB eine negative Vorepannung an des nicht- 



magnetische Substrat relativ zum geerdeten Tell des Hauptk6rpers der
Zerstgubungsvorrichtung ange- legt wird. 19. Verfahren gemriB irgendeines
Anspruchs 12 bb 18, wobei die magnetmche Legierungsschichtdurch Zer-
stauben untersoichen Bedingungengebildetwird, da emn nicht-magnetisches
Substratauf einem Niveau des Grundpotential gehalten wird und das
Plasmapotential auf elnem hoheren Niveau als das Grundpo- tential
eingestelit wird. f5  20. Verfahren gemAS Anspruch 19, wobei die magnetmche
Legierungeschicht durch Zerstauben unter sol- chen Bedingungen gebildet
wird, dag sine Zwischenelektrode In der Nahe des Targets bereitgestellt
wird, und elne positive Spannung an die Zwischenelektrode relativ zum
geerdeten Tell des Hauptkorpers der Zerstiubungsvorrichtung angelegt wird.
20  21. Verfahren gema irgendeines Anspruch 12 bis 20, wobei die
Temperaturdes nicht-magnetischen Sub- strats wahrend der Bildung der
magnetischen Legierungsschicht mindestens 1200 C ist. Revendlcations 25 1.
Support d'enregistrement magnetique, comprenant un substrat non magn6tique
et une couche d'alliage magn6tique formee sur Ie substrat, avec une couche
de primaire non magn6tique contenant du chrome en tant que composant
principal interposee entre lea deux, dans lequel la couche d'alliage
magn6tique contient du cobalt et du nickel en tent quo composants
principaux et de 0,005 A 8% atomniques de bore 30      et a 6te form6e par
pulverisation cathodique dans des conditions telles qu'une tension de
polarisation ne- gative soit appliquee au substrat non magnetique. 2.
Support d'enregistrement magn6tique selon la revendication 1, dans lequel
le substrat non magn6tique est choisi dans le groupe constitu6 par un
substrat metalilque, un substrat de verre, un substrat de ce- 35
ramique et un substrat de r6sine. 3. Support d'enregistrement magn6tique
colon la revendIcation I ou 2, dans lequel la couche de primaire non
magnetique contenant du chrome en tant que composant principal a 6te formee
par pulv6rnsation cathodique dans des conditions telles qu'une tension de
polariseation negative soit appliqu6e au substrat 40      non magnetique.
4. Support d'enregistroment magnetique selon la revendication 1, 2 ou 3,
dans lequel la tbneur en nickel dens la couche d'alliage magn6tique est non
sup6rieure A 40% atomiques par rapport au cobalt 45  S. Support
d'enregistrement magn6tique selon la revendication 4, dens loquel la tbneur
en nickel dans la couche d'alliage magnetique se situe A l'int6rieur d'une
plage allant de 1S A 35% atomiques par rapport au cobalt. 6. Support
d'enregistrement magnetique selon l'une des revendications precedentes,
dans lequel la couche d'alliage magn6tique contient du chrome. 50 7.
Support d'enregistrement magnetique selon la revendication 6, dans lequel
la teneur en chrome dans la couche d'alliage magn6tique est de 5 A 26%
atomiques. 8. Support d'enreglstrement magnetique selon l'une des
revendications precedentes, dens lequel la couche 5S      d'aliage
magn6tique a Mt6 formee par pulverisation cathodique dens des conditions
telles qu'une tension de polym6risation n6gative solt appliquee au substrat
non magn6tique, par rapport A la partie miss A Ia terre du corps principal
de l'appareil de pulverisation cathodique. 15    EP O 391 258B1
*       [ l M      S  I 9. Support d'enregistrement magnetique selon l'une
des revendications pr6cedentes, dans lequal la Muche 



d'alliage magnetique a 6et formee par pulverisation cathodique dans des
conditions telles quo le stbstrat non magnetique soit maintenu A un niveau
du potentiel de terre et quo le potential de plasma sofflixe A un niveau
superieur au potential de terre. 10. Support d'enregistrement magnhtique
selon la revendication 9, dans lequel la couche d'alliage maodt;- que a 6te
formee par pulverisation cathodique dans des conditions telles qu'une
electrode interm6aire soft placee au voisinage de la cible, et qu'une
tension positive soit appliquee A l'electrode interm64.lre, par rapport A
la partie mise A la terre du substrat non magnetique. 10 11. Support
d'enregistrement magnetique selon l'une des revendications precedentes,
dans lequel la n perature du substrat non magnetique pendant la formation
de la couche d'alliage magnetique est u moins 1200C. 15 12. Procede de
fabrication d'un supportd'enregistrement magnetique, qui comprend a
formation successii sur un substrat non magnetique, d'une couche de
primaire non magnhtique contenant du chrome en que composant principal,
etd'une couche d'alliage magnhtique par pulveirsation cathodique, dana lequ
la couche d'alliage magnetique estformme par pulverisation cathodique dans
des conditions telles qu'uA tension de polarlsation negative soit appliquhe
au substrat non magnetique pour former une couche d'a| 20      liage
magnetique contenant du cobalt et du nickel en tant que composants
principaux et de 0,005 A 89 atomiques de bore. 13. Procede selon la
revendication 12, dans loquel la couche de primaire non magnetique
contenant du chro-J me en tant quo composant principal, eat formee par
pulverisation cathodique dans des conditions teles qu'une tension de
polarisation negative solt appliquee au substrat non magnetique. 14.
Procede selon la revendication 12 ou 13, dans lequel la teneuren nickel
dans la couche d'alliage magne- tique eat non superieure A 40% atomiques
par rapport au cobalt. 15. Procedd selon la revendication 14, dans loquel
la teneur en nickel dans la couche d'alliage magnitique ao      so situe A
l'interieur d'une plage allant de 15 A 35% atomiques par rapport au cobalt.
16. Proc6d6 selon l'une des revendlcations 12 A 15, dans lequel la couche
d'alliage magnetique contient du chrome. 95 17. Procede salon la
revendication 16, dans lequel la teneur en chrome dans la couche d'alliage
magndtique eat de 5 A 26% atomiques. 18. Procodh selon l'une des
revendications 12 A 17, dane lequel la couche d'alliage magnetique eat
fomnne parpulverisatlon cathodique dans des conditions toiles qu'une
tension negative soitappliquhe au substrat 40      non magnetique par
rapport A la partie mise A la terre du corps principal de l'apparell de
pulverisation 40      cathodlque. 19. Prochd6 selon l'une des
revendlcations 12 A 18, dane lequel la couche d'alliage magnetique eat
formee par pulverisation cathodique dans des conditions talles qua le
substrat non magnetique soit maintbnu a un niveau du potential de tbrre, et
quo le potential de plasma soit fixe A un niveau superieur au potentiel 45
de terre. 20. ProchdA selon la revendication 19, dans lequel la couche
d'almlage magnetique eat formee par pulverisa- tion cathodique dans des
conditlons toIles qu'une electrode Intermediaire soit placee au voisinage
de la cible, et qu'une tension positive soit appliquee A l'electrode
intermediaire par rapport A la partie mise A 50      la terre du substrat
non magnetique. 21. Procede selon l'une des revendications 12 A 20, dans
lequel la temperature du substrat non magnetique pendant la formation de la
couche d'alliage magnhtique eat ajustee A un niveau d'au moins 120C. 55    


