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Title of the Invention 

Magnetic recording medium and manufacturing method therefor 

5 Technical field of the invention 

The present invention relates to a magnetic recording medium mounted 

on magnetic recording devices, such as an  external memory device of a 

computer, and a method for manufacturing such a recording medium. 

10 

Background of the  invention 

To the requirement brought up in recent years for a magnetic recording 

medium with higher recording density and lower noise, various compositions 

15 and structures of a magnetic layer and materials for a non-magnetic under- 

layer and a seed layer have been proposed. In particular, a magnetic layer 

called the granular magnetic layer has been proposed having a structure, in 

which a ferromagnetic grain is surrounded by non-magnetic non-metallic 

substance, such as  oxide or nitride. 

20 

Japanese Unexamined Patent Application Publication No. H8-255342, 

for example, discloses attaining low noise by forming a granular recording 

layer in which ferromagnetic grains are dispersed in a non-magnetic film, by a 

method comprising steps of sequentially depositing a non-magnetic film, a 

25 ferromagnetic film and a non-magnetic film on a non-magnetic substrate, and 

heat-treating the laminate. For a magnetic layer in this technology, cobalt or 

an  alloy containing cobalt as  a main component is used. For the non-magnetic 

film, metal, oxide, nitride, carbon or carbide is used. US Patent No. 5,679,473 

discloses that a granular recording film in which each magnetic grain is 

30 surrounded by a non-magnetic oxide and separated with each other can be 

formed by means of RF (radio frequency) sputtering using a CoNiPt target 
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added with an  oxide, such as SiOz, and low noise is achieved by such a 

recording film. 

The low noise is considered to be achieved by the following reason. Since 

5 each of the magnetic grains in this granular magnetic film is physically 

separated by a grain boundary of non-magnetic non-metallic phase, magnetic 

interaction between the magnetic grains is reduced and formation of the 

magnetic domain wall with a zigzag shape a t  the transition region of a 

recording bit is suppressed. 

10 

Noises of a recording medium are caused by fluctuation of magnetization 

due to magnetic interaction between magnetic grains that constitute the 

medium, and the size of the grain. In order to maintain high SNR keeping up 

with enhancement of the recording density, it is necessary to hold the number 

15 of magnetic grains per bit cell greater than a certain value; in other words, 

minimization of the size of the magnetic grain is required. However, in the 

situation where large exchange interaction arises between the magnetic 

grains, the minimization of magnetic grains frequently does not necessarily 

mean minimization of unit of reversed magnetization. Therefore, i t  is also 

20 needed to suppress the exchange interaction between the grains for 

minimizing the unit of reversed magnetization itself that is represented by a n  

activation magnetic moment. Further in the minimization, the magnetic 

grain itself must have a relatively large value of energy of magnetic 

anisotropy so that a superparamagnetic state does not occur and the magnetic 

25 characteristic essential for high resolution recording, which means large 

HclMrt value, can be obtained. Objective aimed a t  by the granular structure, 

in which magnetic grains having high energy of magnetic anisotropy are 

dispersed in a non-magnetic matrix, is that  the above-described every rigorous 

requirements are met for attaining high SNR. 

3 0 

In the conventionally used Co-Cr alloy magnetic film, chromium is 

segregated from a cobalt alloy magnetic grain towards a grain boundary, so as 

2 
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to reduce magnetic interaction between the magnetic grains. On the other 

hand, in the granular magnetic layer, the grain boundary phase is composed 

of a non-magnetic non-metallic substance, which segregate easier than the 

conventional chromium. Consequently, isolation of magnetic grains is easily 

5 enhanced. In the conventional Co-Cr alloy magnetic layer, heating the 

substrate up to 200°C is essential for enough segregation of chromium when 

laminating the layer, while the granular magnetic layer has the advantage 

that the non-magnetic non-metallic substance segregates even in lamination 

without heating. 

10 

Problem to be solved by the invention 

However, a magnetic recording medium having a granular magnetic film 

requires addition of relatively large amount of platinum to the cobalt alloy to 

15 attain desired magnetic characteristic, in particular, high coercive force Hc. 

To achieve the coercive force of 2,800 Oe in a granular magnetic film, as  high 

as 16 at% of platinum is commonly needed, while in the conventional CoCr 

alloy magnetic film, only 8 at% of platinum is required for obtaining the same 

value of the coercive force Hc. With the growing density of magnetic recording 

20 in recent years, very high coercive force of higher than 3,200 Oe is becoming 

necessary. As a result, the granulax magnetic film that requires large amount 

of expensive platinum has brought about a problem of rising of manufacturing 

cost. In addition, more reduction of the media noise is demanded 

accompanying with enhancement of the recording density. 

2 5 

Moreover, crystal growth a t  a low thickness stage, that is an initial 

growth stage, in the granular magnetic layer is disordered and a clear 

granular structure is not formed. This situation is the main cause of 

deterioration in magnetic characteristics and electromagnetic conversion 

30 characteristics in the low Br S region, Br 6 being a product of remanent 

magnetic flux density and film thickness. In  the trend for the magnetic layer 

30 In the conventionally used Co-Cr alloy magnetic film, chromium is  segregated from a cobalt alloy
magnetic grain towards a grain boundary, so as  2 0 7 .JUL 2006 to reduce magnetic interaction
between the magnetic grains. On the other  hand, in the granular magnetic layer, the grain boundary
phase is composed  of a non-magnetic non-metallic substance, which segregate easier than the
conventional chromium. Consequently, isolation of magnetic grains is easily 5 enhanced. In the
conventional Co-Cr alloy magnetic layer, heating the  substrate up to 200C is essential for enough
segregation of chromium when  laminating the layer, while the granular magnetic layer has the
advantage  that the non-magnetic non-metallic substance segregates even in lamination  without
heating. 10 Problem to be solved by the invention However, a magnetic recording medium having a
granular magnetic film  requires addition of relatively large amount of platinum to the cobalt alloy to 15
attain desired magnetic characteristic, in particular, high coercive force Hc.  To achieve the coercive
force of 2,800 Oe in a granular magnetic film, as high  as 16 at% of platinum is commonly needed,
while in the conventional CoCr  alloy magnetic film, only 8 at% of platinum is required for obtaining the
same  value of the coercive force Hc. With the growing density of magnetic recording 20 in recent
years, very high coercive force of higher than 3,200 Oe is becoming  necessary. As a result, the
granularmagnetic film that requires large amount  of expensive platinum has brought about a problem
of rising of manufacturing  cost. In addition, more reduction of the media noise is demanded
accompanying with enhancement of the recording density. 25 



to become thinner accompanied by higher recording density in the near future, 

it is a difficult problem to solve this deterioration of the magnetic 

characteristics and the electromagnetic conversion characteristics a t  the 

initial growth stage of the granular magnetic layer. 

5 

Although the non-magnetic non-metallic substance in the granular 

magnetic layer on a substrate segregates even in unheated lamination, in- 

plane orientation of magnetization in the magnetic layer is difficult to be 

attained and an  isotropic or random orientation medium is liable to be formed. 

10 

Means to solve the  problem 

The inventors of the present invention have made rigorous studies for 

effectively giving desired alignment to the granular magnetic layer and for 

15 achieving high Hc, low noise, and low cost in the granular magnetic film, and 

found that in order to obtain desired alignment in the magnetic layer, 

alignment in the layer below the magnetic layer has to be controlled and the 

magnetic layer needs to epitaxially grow on this controlled layer. I t  is further 

revealed that  definitely higher Hc and lower noise can be achieved than those 

20 of a conventional magnetic recording medium that has a continuously 

deposited magnetic layer, that is, a magnetic layer composed of a single 

magnetic layer component, when a process for laminating the magnetic layer 

is divided into a plurality of steps and the magnetic layer is formed with a 

plurality of magnetic layer components. 

2 5 

I t  has been further found that more advantage is obtained when oxide 

layers are provided on and beneath each of the magnetic layer components in 

the multi-layered magnetic layer. 

3 0 Specifically, the present invention provides two types of magnetic 

recording media depending on the structure of a magnetic layer of the 

medium. The first magnetic recording medium of the invention comprises a 

4 

Moreover, crystal growth at a low thickness stage, that is an initial  growth stage, in the granular
magnetic layer is disordered and a clear  granular structure is not formed. This situation is the main
cause of  deterioration in magnetic characteristics and electromagnetic conversion 30 characteristics
in the low Br 6 region, Br 6 being a product of remanent  magnetic flux density and film thickness. In
the trend for the magnetic layer 3 0 7 JUL 2DD6 to become thinner accompanied by higher recording
density in the near future,  it is a difficult problem to solve this deterioration of the magnetic
characteristics and the electromagnetic conversion characteristics at the  initial growth stage of the
granular magnetic layer. Although the non-magnetic non-metallic substance in the granular  magnetic
layer on a substrate segregates even in unheated lamination, in- plane orientation of magnetization in
the magnetic layer is difficult to be  attained and an isotropic or random orientation medium is liable to
be formed. 10 Means to solve the problem The inventors of the present invention have made rigorous
studies for  effectively giving desired alignment to the granular magnetic layer and for 15 achieving
high He, low noise, and low cost in the granular magnetic film, and  found that in order to obtain
desired alignment in the magnetic layer,  alignment in the layer below the magnetic layer has to be
controlled and the  magnetic layer needs to epitaxially grow on this controlled layer. It is further
revealed that definitely higher He and lower noise can be achieved than those 20 of a conventional
magnetic recording medium that has a continuously  deposited magnetic layer, that is, a magnetic
layer composed of a single  magnetic layer component, when a process for laminating the magnetic
layer  is divided into a plurality of steps and the magnetic layer is formed with a  



non-magnetic under-layer, a magnetic layer, a protective film and a liquid 

lubricant layer sequentially laminated on a non-magnetic substrate, in which 

the magnetic layer has a multi-layered structure being laminated with two or 

more magnetic layer components, each of which consists of ferromagnetic 

5 grains and non-magnetic grain boundaries surrounding the grain. 

Advantageously, the composition of the magnetic layer components in 

the magnetic layer is different from one another. 

10 The second magnetic recording medium of the invention comprises a non- 

magnetic under-layer, a magnetic layer, a protective film, and a liquid 

lubricant layer sequentially laminated on a non-magnetic substrate, in which 

the magnetic layer comprises two or more magnetic layer components and 

three or more oxide layers, each of the magnetic layer components consists of 

15 ferromagnetic grains and non-magnetic grain boundaries surrounding the 

grains, and the magnetic layer components and the oxide layers are 

alternately laminated such that the top layer and the bottom layer of the 

magnetic layer are oxide layers. 

2 0 Advantageously, the non-magnetic grain boundary in the magnetic layer 

components in the first and second magnetic recording media is composed of 

oxide or nitride of a t  least one element selected from the group consisting of 

Cr, Co, Si, Al, Ti, Ta, Hf and Zr. 

25 Advantageously, the non-magnetic under-layer of the above-described 

magnetic recording medium is composed of chromium or chromium alloy, and 

the non-magnetic substrate may be made of crystallized glass, chemically 

strengthened glass or plastic. 

3 0 A method for manufacturing the above-described first magnetic 

recording medium of the invention comprises steps of: 

(1) laminating a non-magnetic under-layer on a non-magnetic substrate, 

5 

plurality of magnetic layer components. 25 It has been further found that more advantage is obtained
when oxide  layers are provided on and beneath each of the magnetic layer components in  the
multi-layered magnetic layer. 30 Specifically, the present invention provides two types of magnetic
recording media depending on the structure of a magnetic layer of the  medium. The first magnetic
recording medium of the invention comprises a  4 U 7 JUL 2006 non-magnetic under-layer, a magnetic
layer, a protective film and a liquid  lubricant layer sequentially laminated on a non-magnetic substrate,
in which  the magnetic layer has a multi-layered structure being laminated with two or  more magnetic
layer components, each of which consists of ferromagnetic  5 grains and non-magnetic grain
boundaries surrounding the grain. Advantageously, the composition of the magnetic layer components
in  the magnetic layer is different from one another. 10 The second magnetic recording medium of the
invention comprises a non- magnetic under-layer, a magnetic layer, a protective film, and a liquid
lubricant layer sequentially laminated on a non-magnetic substrate, in which  the magnetic layer
comprises two or more magnetic layer components and  three or more oxide layers, each of the
magnetic layer components consists of 15 ferromagnetic grains and non-magnetic grain boundaries
surrounding the  grains, and the magnetic layer components and the oxide layers are  alternately
laminated such that the top layer and the bottom layer of the  magnetic layer are oxide layers. 20
Advantageously, the non-magnetic grain boundary in the magnetic layer  components in the first and
second magnetic recording media is composed of  oxide or nitride of at least one element selected
from the group consisting of  



(2) laminating a magnetic layer on the under-layer by depositing a plurality of 

magnetic layer components, each of the components comprising ferromagnetic 

grains and grain boundaries surrounding the grains, 

(3) laminating the protective film on the magnetic layer, and 

5 (4) laminating the liquid lubricant layer on the protective layer. 

Advantageously, the step for laminating the magnetic layer is a step for 

depositing a plurality of magnetic layer components each having a 

composition different from that of the other components. 

10 

A method for manufacturing the second magnetic recording medium of 

the invention comprises steps of 

(1) laminating a non-magnetic under-layer on a non-magnetic substrate, 

(2) laminating a magnetic layer on the under-layer by 

15 (i) exposing to an  atmosphere of oxygen-containing gas and forming an  oxide 

layer on the surface exposed to oxygen, 

(ii) depositing a magnetic layer component comprising ferromagnetic grains 

and grain boundaries surrounding the grains, 

(iii) repeating the procedures (i) and (ii) desired times, and 

20 (iv) exposing to a n  atmosphere of oxygen-containing gas and forming an  

oxide layer on the surface exposed to oxygen, 

(3) laminating a protective film on the magnetic layer, and 

(4) laminating a liquid lubricant layer on the protective layer. 

25 The above-described method for manufacturing a magnetic recording 

medium according to the invention allows to perform the steps (1) to (4) 

without heating the non-magnetic substrate in advance. 

Brief description of the  drawings 

30 Fig. 1 

A schematic cross-sectional view of a n  example of a magnetic recording 

medium according to the present invention, 

6 

Cr, Co, Si, Al, Ti, Ta, Hf and Zr. 25 Advantageously, the non-magnetic under-layer of the
above-described  magnetic recording medium is composed of chromium or chromium alloy, and  the
non-magnetic substrate may be made of crystallized glass, chemically  strengthened glass or plastic.
30 A method for manufacturing the above-described first magnetic  recording medium of the invention
comprises steps of (1) laminating a non-magnetic under-layer on a non-magnetic substrate, 5 0 7 JUL
2006 (2) laminating a magnetic layer on the under-layer by depositing a plurality of  magnetic layer
components, each of the components comprising ferromagnetic  grains and grain boundaries
surrounding the grains, (3) laminating the protective film on the magnetic layer, and 5 (4) laminating
the liquid lubricant layer on the protective layer. Advantageously, the step for laminating the magnetic
layer is a step for  depositing a plurality of magnetic layer components each having a  composition
different from that of the other components. 10 A method for manufacturing the second magnetic
recording medium of  the invention comprises steps of (1) laminating a non-magnetic under-layer on a
non-magnetic substrate,  (2) laminating a magnetic layer on the under-layer by 15 (i) exposing to an
atmosphere of oxygen- containing gas and forming an oxide  layer on the surface exposed to oxygen,
(ii) depositing a magnetic layer component comprising ferromagnetic grains  and grain boundaries
surrounding the grains, (iii) repeating the procedures (i) and (ii) desired times, and 20 (iv) exposing to
an atmosphere of oxygen-containing gas and forming an  



Fig. 2(a) 

A schematic cross-sectional view of a magnetic layer of a first magnetic 

recording medium according to the present invention comprising a plurality of 

5 magnetic layer components. 

Fig. 2(b) 

A schematic cross-sectional view of a magnetic layer of a second magnetic 

10 recording medium according to the present invention comprising a plurality of 

magnetic layer components and a plurality of oxide layers disposed on and 

beneath each of the magnetic layer components. 

Fig. 3 

15 

A graph showing the dependence of coercive force Hc on the number of 

magnetic layer components of the magnetic layer. 

Fig. 4 

20 

A graph showing the dependence of SNR on the number of magnetic 

layer components of the magnetic layer. 

Aspects of some preferred embodiments of the  invention 

25 

Now: aspects of some preferred embodiments of the invention will be 

described referring to Fig. 1, Fig. 2(a) and Fig. 2(b). 

Fig. 1 is a schematic cross-sectional view of a magnetic recording medium 

30 as an  example of embodiments of the invention, and Fig. 2(a) is a schematic 

cross-sectional view of a magnetic layer of the first magnetic recording 

medium of the invention, and Fig. 2(b) is a schematic cross-sectional view of a 

7 

oxide layer on the surface exposed to oxygen, (3) laminating a protective film on the magnetic layer,
and  (4) laminating a liquid lubricant layer on the protective layer. 25 The above-described method for
manufacturing a magnetic recording  medium according to the invention allows to perform the steps
(1) to (4)  without heating the non-magnetic substrate in advance. Brief description of the drawings  30
Fig. 1 A schematic cross-sectional view of an example of a magnetic recording  medium according to
the present invention, 6 D 7 JUL 2D06 Fig. 2(a) A schematic cross-sectional view of a magnetic layer
of a first magnetic  recording medium according to the present invention comprising a plurality of  5
magnetic layer components. Fig. 2(b) A schematic cross-sectional view of a magnetic layer of a
second magnetic  10 recording medium according to the present invention comprising a plurality of
magnetic layer components and a plurality of oxide layers disposed on and  beneath each of the
magnetic layer components. Fig. 3 15 A graph showing the dependence of coercive force He on the
number of  magnetic layer components of the magnetic layer. Fig. 4 20 A graph showing the
dependence of SNR on the number of magnetic  layer components of the magnetic layer. 



magnetic layer of the second magnetic recording medium of the invention. 

The magnetic recording medium shown in Fig. 1 has a structure in which 

non-magnetic under-layer 2, magnetic layer 3 and protective film 4 are 

5 sequentially formed on non-magnetic substrate 1, and liquid lubricant layer 5 

is formed on the laminate. The magnetic layer shown in Fig. 2(a) has a three- 

layer structure in which magnetic layer components 3a, 3b and 3c are 

laminated. The magnetic layer shown in Fig. 2(b) has a laminate structure in 

which each of the magnetic layer components 3a to 3c is sandwiched by two of 

10 the oxide layers 3a' to 3d1, and the laminate is layered in the sequence 3a1, 3a, 

3b1, 3b, 3c1, 3c and 3d'. 

The first magnetic recording medium of the invention will be first 

described. 

15 

Non-magnetic substrate 1 may be made of Nip-plated aluminum alloy, 

strengthened glass or crystallized glass as in the conventional magnetic 

recording medium. In addition, a substrate made by injection molding 

polycarbonate, polyolefin or other resins may also be used since heating the 

20 substrate is not required by the production process of the invention. 

On the non-magnetic substrate 1, non-magnetic under-layer 2 is formed 

by means of a conventional method, such as electron-beam evaporation or 

sputtering. The non-magnetic under-layer 2 is composed of non-magnetic 

25 substance including NiAl and Cr. Chromium or chromium alloy is preferably 

used for the under-layer. The preferable chromium alloy includes CrMo, CrTi, 

CrV and CrW. Thickness of the non-magnetic under-layer is preferably in the 

range from 5 nm to 50 nm for obtaining optimum magnetic characteristics and 

an  electromagnetic conversion characteristic. 

3 0 

On the non-magnetic under-layer 2, magnetic layer 3 is formed. The 

structure of the magnetic layer of a first magnetic recording medium is a 

8 

Aspects of some preferred embodiments of the invention 25 Now, aspects of some preferred
embodiments of the invention will be  described referring to Fig. 1, Fig. 2(a) and Fig. 2(b). Fig. 1 is a
schematic cross-sectional view of a magnetic recording medium  30 as an example of embodiments of
the invention, and Fig. 2(a) is a schematic cross-sectional view of a magnetic layer of the first
magnetic recording  medium of the invention, and Fig. 2(b) is a schematic cross-sectional view of a 7 0
7 JUL 2006 magnetic layer of the second magnetic recording medium of the invention. The magnetic
recording medium shown in Fig. 1 has a structure in which  non-magnetic under-layer 2, magnetic
layer 3 and protective film 4 are 5 sequentially formed on non-magnetic substrate 1, and liquid
lubricant layer 5  is formed on the laminate. The magnetic layer shown in Fig. 2(a) has a three- layer
structure in which magnetic layer components 3a, 3b and 3c are  laminated. The magnetic layer
shown in Fig. 2(b) has a laminate structure in  which each of the magnetic layer components 3a to 3c
is sandwiched by two of 10 the oxide layers 3a' to 3d', and the laminate is layered in the sequence 3a',
3a,  3b', 3b, 3c', 3c and 3d'. The first magnetic recording medium of the invention will be first
described. 15 Non-magnetic substrate 1 may be made of NiP-plated aluminum alloy,  strengthened
glass or crystallized glass as in the conventional magnetic  recording medium. In addition, a substrate
made by injection molding  polycarbonate, polyolefin or other resins may also be used since heating
the  20 substrate is not required by the production process of the invention. On the non-magnetic
substrate 1, non-magnetic under-layer 2 is formed  



multi-layer structure composed of a plurality of magnetic layer components 3a 

to 3c that are laminated by a magnetic layer deposition process divided into a 

plurality of steps. Each of the magnetic layer components 3a to 3c is a so- 

called granular magnetic layer that comprises ferromagnetic grains and non- 

5 magnetic grain boundaries surrounding the grains, the non-magnetic grain 

boundary being composed of oxide or nitride of metals and silicon. Such 

structure of the magnetic layer components 3a to 3c may be obtained, for 

example, by deposition employing sputtering method using a target of 

ferromagnetic metal containing oxide that composes the non-magnetic grain 

10 boundary. Alternatively, the magnetic layer components 3a to 3c having 

granular structure may be obtained by deposition employing reactive 

sputtering in oxygen-containing argon gas using a target of ferromagnetic 

metal. 

15 As material for composing the ferromagnetic grains, Copt alloy is 

preferably used. Specifically, a Copt alloy added with a t  least an element 

selected from the group consisting of chromium, nickel and tantalum is 

favorable for reducing media noise. h material for composing the non- 

magnetic grain boundaries, oxide or nitride of a t  least one element selected 

20 from the group consisting of Cr, Co, Si, Al, Ti, Ta, Hf and Zr is particularly 

favorable for forming a stable granular structure. 

Thickness of the magnetic layer 3 having multi-layer structure is 

necessary to be such a value that provides enough head reproduction output 

25 when reproducing a record, and the total thickness is desirable to be nearly 

equal to the thickness needed by a conventional one-layered continuous film. 

Though the magnetic layer components may have the same composition, 

better characteristics can be obtained by different composition, which may be 

30 performed by changing the concentration of the oxide or nitride, for example. 

Though the magnetic layer illustrated in Fig. 2(a) is composed of three 

layers of magnetic layer component, the magnetic layer of the magnetic 

9 

by means of a conventional method, such as electron-beam evaporation or  sputtering. The
non-magnetic under-layer 2 is composed of non-magnetic 25 substance including NiAI and Cr.
Chromium or chromium alloy is preferably  used for the under-layer. The preferable chromium alloy
includes CrMo, CrTi,  CrV and CrW. Thickness of the non-magnetic under-layer is preferably in the
range from 5 nm to 50 nm for obtaining optimum magnetic characteristics and  an electromagnetic
conversion characteristic. 30 On the non-magnetic under-layer 2, magnetic layer 3 is formed. The
structure of the magnetic layer of a first magnetic recording medium is a  8 0 7 JUL 2006 multi-layer
structure composed of a plurality of magnetic layer components 3a  to 3c that are laminated by a
magnetic layer deposition process divided into a  plurality of steps. Each of the magnetic layer
components 3a to 3c is a so- called granular magnetic layer that comprises ferromagnetic grains and
non 5 magnetic grain boundaries surrounding the grains, the non-magnetic grain  boundary being
composed of oxide or nitride of metals and silicon. Such  structure of the magnetic layer components
3a to 3c may be obtained, for  example, by deposition employing sputtering method using a target of
ferromagnetic metal containing oxide that composes the non-magnetic grain 10 boundary.
Alternatively, the magnetic layer components 3a to 3c having  granular structure may be obtained by
deposition employing reactive  sputtering in oxygen-containing argon gas using a target of
ferromagnetic  metal. 15 As material for composing the ferromagnetic grains, CoPt alloy is  preferably
used. Specifically, a CoPt alloy added with at least an element  selected from the group consisting of
chromium, nickel and tantalum is  favorable for reducing media noise. As material for composing the
non- 



recording medium of the present invention is only necessary to be formed with 

two or more layers of magnetic layer components. 

On the magnetic layer 3, sequentially formed are protective film 4 and 

5 liquid lubricant layer 5. The protective film and the liquid lubricant layer 

may be conventional ones. For example, a thin film mainly composed of 

carbon may be used for the protective film 4 and perfluoropolyether lubricant 

may be used for the liquid lubricant layer 5. Protective film 4 may be 

laminated by a common method, such as sputtering, and liquid lubricant layer 

10 5 may be formed by a common method, such as coating with a liquid lubricant. 

Thus, a first magnetic recording medium of the invention is obtained. 

Second magnetic recording medium is similar to the first magnetic 

15 recording medium described above except that the construction of the 

magnetic layer is different from the construction of the magnetic layer of the 

first magnetic recording medium as  shown in Fig. 2(b). The magnetic layer 3 

formed in the second magnetic recording medium has a structure in which 

each of the magnetic layer components 3a to 3c is sandwiched by two of the 

20 oxide layers 3a' to 3d' as shown in Fig. 2(b). The magnetic layer components 

are formed in the same manner as in the first magnetic recording medium. 

The oxide layers are formed by oxidizing the surface of each of the layer 

components exposed to an  oxygen-containing gas atmosphere. Specifically, a 

process of exposing the media to an  oxygen-containing gas atmosphere, for 

25 example, Ar-10 % 0 2  gas, is performed before laminating the magnetic layer 

component 3a and after laminating each of the magnetic layer components 3a 

to 3c. 

Materials of the magnetic layer components and thickness of the 

30 magnetic layer 3 formed in the second magnetic recording medium are the 

same as those described with respect to the magnetic layer 3 of the first 

magnetic recording medium. 

10 

magnetic grain boundaries, oxide or nitride of at least one element selected 20 from the group
consisting of Cr, Co, Si, Al, Ti, Ta, Hf and Zr is particularly  favorable for forming a stable granular
structure. Thickness of the magnetic layer 3 having multi-layer structure is  necessary to be such a
value that provides enough head reproduction output 25 when reproducing a record, and the total
thickness is desirable to be nearly  equal to the thickness needed by a conventional one-layered
continuous film. Though the magnetic layer components may have the same composition,  better
characteristics can be obtained by different composition, which may be 30 performed by changing the
concentration of the oxide or nitride, for example.  Though the magnetic layer illustrated in Fig. 2(a) is
composed of three  layers of magnetic layer component, the magnetic layer of the magnetic 9 D 7 JUL
2006 recording medium of the present invention is only necessary to be formed with  two or more
layers of magnetic layer components. On the magnetic layer 3, sequentially formed are protective film
4 and  5 liquid lubricant layer 5. The protective film and the liquid lubricant layer may be conventional
ones. For example, a thin film mainly composed of  carbon may be used for the protective film 4 and
perfluoropolyether lubricant  may be used for the liquid lubricant layer 5. Protective film 4 may be
laminated by a common method, such as sputtering, and liquid lubricant layer 10 5 may be formed by
a common method, such as coating with a liquid lubricant. Thus, a first magnetic recording medium of
the invention is obtained. Second magnetic recording medium is similar to the first magnetic  15
recording medium described above except that the construction of the magnetic layer is different from
the construction of the magnetic layer of the  first magnetic recording medium as shown in Fig. 2(b).
The magnetic layer 3  formed in the second magnetic recording medium has a structure in which  
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As in the magnetic layer 3 of the first magnetic recording medium, better 

characteristics can be obtained by different composition in the magnetic layer 

components, which may be performed by changing the concentration of the 

oxide or nitride, though the same composition is possible. 

5 

Though thickness of each of the magnetic layer components and oxide 

layers is not limited to special range, thickness of the magnetic layer 3, that is 

the total of the thickness of all magnetic layer components and oxide layers, is 

preferably nearly equal to the thickness required by the conventional 

10 magnetic layer of a continuous film. 

Though the magnetic layer illustrated in Fig. 2(b) is formed by 

alternately laminating three magnetic layer components and four oxide layers, 

the magnetic layer of the magnetic recording medium of the present invention 

15 is only necessary to be constructed with two or more magnetic layer 

components and three or more oxide layers, the number of the oxide layer 

being larger by one layer than the number of the magnetic layer components, 

wherein the magnetic layer components and the oxide layers are alternately 

laminated such that the top layer and the bottom layer of the magnetic layer 3 

20 are the oxide layers. 

Thus, a magnetic recording medium of the present invention is obtained 

that allows high Hc, low noise and low cost. The following describes effects of 

multi-layer structure and oxide layer of the magnetic layer that are special 

25 features of the magnetic recording medium of the invention. 

In usual longitudinal recording, large vertical component of 

magnetization causes noises as  compared with the case in which the 

magnetization is aligned exactly in the direction of horizontal plane. Thick 

30 magnetic layer generally gives rise to vertical alignment of magnetization. 

Therefore, the magnetic layer of the invention is multi-layered. When each of 

the formed films, which are magnetic layer components, is made thin, in- 

11 

each of the magnetic layer components 3a to 3c is sandwiched by two of the 20 oxide layers 3a' to 3d'
as shown in Fig. 2(b). The magnetic layer components  are formed in the same manner as in the first
magnetic recording medium.  The oxide layers are formed by oxidizing the surface of each of the layer
components exposed to an oxygen- containing gas atmosphere. Specifically, a  process of exposing
the media to an oxygen-containing gas atmosphere, for 25 example, Ar-10 % 02 gas, is performed
before laminating the magnetic layer  component 3a and after laminating each of the magnetic layer
components 3a  to 3c. Materials of the magnetic layer components and thickness of the  30 magnetic
layer 3 formed in the second magnetic recording medium are the same as those described with
respect to the magnetic layer 3 of the first  magnetic recording medium. 10 9 7 JUL 2006 As in the
magnetic layer 3 of the first magnetic recording medium, better  characteristics can be obtained by
different composition in the magnetic layer  components, which may be performed by changing the
concentration of the  oxide or nitride, though the same composition is possible. 5 Though thickness of
each of the magnetic layer components and oxide  layers is not limited to special range, thickness of
the magnetic layer 3, that is  the total of the thickness of all magnetic layer components and oxide
layers, is  preferably nearly equal to the thickness required by the conventional  10 magnetic layer of a
continuous film. Though the magnetic layer illustrated in Fig. 2(b) is formed by  alternately laminating
three magnetic layer components and four oxide layers,  the magnetic layer of the magnetic recording
medium of the present invention 15 is only necessary to be constructed with two or more magnetic
layer  



plane orientation of the component film is promoted. Thus, the vertical 

component of magnetization in the magnetic layer as a whole is decreased, 

which realizes noise reduction, leading to high Hc. 

5 The granular magnetic layer laminated with a plurality of magnetic 

layer components in the present invention promotes epitaxial growth of the 

grain of the ferromagnetic crystal and the grain boundary of oxide in the 

uppermost magnetic layer component. Moreover, improvement of cystallinity 

and diminishing grain size of the granular magnetic layer component itself 

10 directly under the uppermost magnetic layer component can also be 

accomplished, resulting in better control of the alignment in the magnetic 

layer. 

As described earlier, it is more favorable to laminate magnetic layer 

15 components having different composition by changing concentration of the 

oxide or nitride. 

More specifically, when the quantity of added oxide or nitride is 

increased in a granular magnetic film for accelerating grain boundary 

20 segregation, fine grain size is attained, which is considered to be necessary for 

noise reduction. On the other hand, the increased amount of oxide or nitride 

causes difficulty in the epitaxial growth from the under-layer. 

Consequently, the uppermost magnetic layer component of the magnetic 

25 layer is given a composition to exhibit excellent magnetic characteristics and 

electromagnetic conversion characteristics, while the lower magnetic layer 

components are provided for promoting orderly epitaxial growth of the 

uppermost magnetic layer component and lattice matching with a layer 

beneath the magnetic layer, which is an under-layer, for example. Namely, 

30 the uppermost component of the granular magnetic layer is formed as a 

granular film containing increased amount of oxide or nitride to achieve noise 

reduction, while the lower magnetic layer components are formed as granular 

12 

components and three or more oxide layers, the number of the oxide layer  being larger by one layer
than the number of the magnetic layer components,  wherein the magnetic layer components and the
oxide layers are alternately  laminated such that the top layer and the bottom layer of the magnetic
layer 3  20 are the oxide layers. Thus, a magnetic recording medium of the present invention is
obtained  that allows high He, low noise and low cost. The following describes effects of  multi-layer
structure and oxide layer of the magnetic layer that are special  25 features of the magnetic recording
medium of the invention. In usual longitudinal recording, large vertical component of  magnetization
causes noises as compared with the case in which the  magnetization is aligned exactly in the
direction of horizontal plane. Thick 30 magnetic layer generally gives rise to vertical alignment of
magnetization.  Therefore, the magnetic layer of the invention is multi-layered. When each of  the
formed films, which are magnetic layer components, is made thin, in 11 ill JUL 2006 plane orientation
of the component film is promoted. Thus, the vertical  component of magnetization in the magnetic
layer as a whole is decreased,  which realizes noise reduction, leading to high Hc. 5 The granular
magnetic layer laminated with a plurality of magnetic  layer components in the present invention
promotes epitaxial growth of the  grain of the ferromagnetic crystal and the grain boundary of oxide in
the  uppermost magnetic layer component. Moreover, improvement of cystallinity  and diminishing
grain size of the granular magnetic layer component itself 10 directly under the uppermost magnetic
layer component can also be  accomplished, resulting in better control of the alignment in the
magnetic  layer. As described earlier, it is more favorable to laminate magnetic layer  



films containing less amount of oxide or nitride to accelerate epitaxial growth 

and containing increased or decreased amount of platinum and chromium. 

Since increase in platinum or chromium content in a CoCr alloy increases 

lattice constants, the amount of the elements may be appropriately varied 

5 taking into consideration the composition of the uppermost component of the 

granular magnetic layer and the misfits in the layers formed under the 

magnetic layer, which is a n  under-layer, for example. 

Further, lattice matching of misfit etc, is facilitated more readily by the 

10 layered structure of the magnetic layer component formed between the layer 

just beneath the magnetic layer, an under-layer, here, and the uppermost 

magnetic layer component of the magnetic layer. 

Since the material that bears the segregation of the ferromagnetic grain 

15 to the grain boundary in the granular magnetic film is the oxide, oxygen 

quantity profoundly affects promotion of segregation structure. In the second 

magnetic recording medium of the invention, the oxygen is supplied by the 

oxide added to the target for the magnetic layer and also by the oxide layers 

provided on and beneath each magnetic layer component. 

2 0 

In the lamination process of the magnetic layer components of the 

magnetic layer of the second magnetic recording medium of the invention, 

each magnetic layer component is exposed to an oxygen-containing 

atmosphere so as  to form oxide layers on and beneath each magnetic layer 

25 component. The provision of the oxide layers more effectively supplies oxygen 

to the granular magnetic film to promote segregation structure. As a result, 

the interaction between the magnetic grains is suppressed, leading to noise 

reduction and Hc enhancement. 

3 0 Consequently, high Hc and low noise can be attained even if smaller 

amount of platinum than conventional is contained, which results in cost 

reduction. 

15 components having different composition by changing concentration of the  oxide or nitride. More
specifically, when the quantity of added oxide or nitride is  increased in a granular magnetic film for
accelerating grain boundary 20 segregation, fine grain size is attained, which is considered to be
necessary for  noise reduction. On the other hand, the increased amount of oxide or nitride  causes
difficulty in the epitaxial growth from the under-layer. Consequently, the uppermost magnetic layer
component of the magnetic  25 layer is given a composition to exhibit excellent magnetic
characteristics and electromagnetic conversion characteristics, while the lower magnetic layer
components are provided for promoting orderly epitaxial growth of the  uppermost magnetic layer
component and lattice matching with a layer  beneath the magnetic layer, which is an under-layer, for
example. Namely, 30 the uppermost component of the granular magnetic layer is formed as a
granular film containing increased amount of oxide or nitride to achieve noise  reduction, while the
lower magnetic layer components are formed as granular  12 0 7 JUL 2006 films containing less
amount of oxide or nitride to accelerate epitaxial growth  and containing increased or decreased
amount of platinum and chromium.  Since increase in platinum or chromium content in a CoCr alloy
increases  lattice constants, the amount of the elements may be appropriately varied 5 taking into
consideration the composition of the uppermost component of the  granular magnetic layer and the
misfits in the layers formed under the  magnetic layer, which is an under-layer, for example. Further,
lattice matching of misfit etc. is facilitated more readily by the  10 layered structure of the magnetic
layer component formed between the layer just beneath the magnetic layer, an under-layer, here, and
the uppermost  magnetic layer component of the magnetic layer. 



A magnetic recording medium of the invention having above-described 

lamination structure allows to achieve high Hc and low media noise even if 

the manufacturing procedure omits a step for heating the substrate, the 

heating step being involved in the production of a conventional magnetic 

5 recording medium. Accordingly, reduction of manufacturing cost is achieved 

due to the simplification of the production procedure. 

Further, plastic with less cost may be used for the substrate as well as 

conventional aluminum and glass. 

10 

Examples 

The present invention will be described more in detail referring to 

examples and comparative examples of the magnetic recording medium. 

15 

Example 1 

A chemically strengthened glass substrate with smooth surface (N-10 

glass substrate manufactured by Hoya Corp.) was used for a substrate. After 

20 cleaning, the substrate was introduced into a sputtering apparatus. A non- 

magnetic under-layer 2 having thickness of 15 nm was formed of Cr-20 at% 

Mo by a dc magnetron sputtering method using a target of Mo-containing Cr 

alloy under a n  argon gas pressure of 50 mTorr without heating the substrate. 

2 5 Then, a granular magnetic layer component 3a having thickness of 10 

nm and the same composition as  the target was formed by a n  RF sputtering 

method using a target of Co-10 at% Cr-14 at% Pt containing 7 mol% of SiOa 

under a n  argon gas pressure of 30 mTorr. Subsequently, another granular 

magnetic layer component 3b having thickness of 10 nm was formed under 

30 the same conditions as  in the component 3a. Thus, the double-layered 

magnetic layer 3 was formed. 

Since the material that bears the segregation of the ferromagnetic grain  15 to the grain boundary in
the granular magnetic film is the oxide, oxygen quantity profoundly affects promotion of segregation
structure. In the second  magnetic recording medium of the invention, the oxygen is supplied by the
oxide added to the target for the magnetic layer and also by the oxide layers  provided on and beneath
each magnetic layer component. 20 In the lamination process of the magnetic layer components of the
magnetic layer of the second magnetic recording medium of the invention,  each magnetic layer
component is exposed to an oxygen- containing  atmosphere so as to form oxide layers on and
beneath each magnetic layer 25 component. The provision of the oxide layers more effectively
supplies oxygen  to the granular magnetic film to promote segregation structure. As a result,  the
interaction between the magnetic grains is suppressed, leading to noise  reduction and He
enhancement. 30 Consequently, high He and low noise can be attained even if smaller  amount of
platinum than conventional is contained, which results in cost  reduction. 13 0 7 JUL 2006 A magnetic
recording medium of the invention having above-described  lamination structure allows to achieve high
He and low media noise even if  the manufacturing procedure omits a step for heating the substrate,
the  heating step being involved in the production of a conventional magnetic 5 recording medium.
Accordingly, reduction of manufacturing cost is achieved  due to the simplification of the production
procedure. Further, plastic with less cost may be used for the substrate as well as  conventional
aluminum and glass. 10 



On the magnetic layer 3, a carbon protective film 4 of 10 nm thickness 

was deposited by a sputtering method, and then, the resulted article was 

taken out from the vacuum of the sputtering apparatus. 

5 A liquid lubricant layer 5 having thickness of 1.5 nm was formed by 

applying liquid lubricant of perfluoropolyether on the carbon protective film 4. 

Thus, a magnetic recording medium as shown in Fig. 1 was produced. 

10 In the above-described laminating process, heating the non-magnetic 

substrate 1 in advance was not performed. 

Concerning magnetic characteristics of the produced magnetic recording 

medium, the coercive force Hc and the product Br 6 of remanent magnetic 

15 flux density and film thickness were measured using a vibrating sample 

magnetometer VSM. Concerning electromagnetic conversion characteristics, 

regeneration output of solitary regeneration wave TAA, and media noise and 

SNR (signal-to-noise ratio) a t  track recording density of 120 kFCI were 

measured using a GMR head on a spinning stand tester. 

2 0 

Table 1 shows the composition of the laminate structure and Table 2 

gives the measured characteristics. 

Example 2 

25 

A magnetic recording medium as  shown in Fig. 1 was produced in the 

same manner as  in Example 1 except that a magnetic layer 3 shown in Fig. 

2(a) having total thickness of 20 nm was provided by laminating three 

magnetic layer components 3a, 3b and 3c, each having thickness of about 6.7 

30 nm. 

Examples The present invention will be described more in detail referring to  examples and
comparative examples of the magnetic recording medium. 15 Example 1 A chemically strengthened
glass substrate with smooth surface (N-10  glass substrate manufactured by Hoya Corp.) was used for
a substrate. After 20 cleaning, the substrate was introduced into a sputtering apparatus. A non-
magnetic under-layer 2 having thickness of 15 nm was formed of Cr-20 at%  Mo by a dc magnetron
sputtering method using a target of Mo-containing Cr  alloy under an argon gas pressure of 50 mTorr
without heating the substrate. 25 Then, a granular magnetic layer component 3a having thickness of
10  nm and the same composition as the target was formed by an RF sputtering  method using a
target of Co-10 at% Cr-14 at% Pt containing 7 mol% of Si02  under an argon gas pressure of 30
mTorr. Subsequently, another granular  magnetic layer component 3b having thickness of 10 nm was
formed under 30 the same conditions as in the component 3a. Thus, the double-layered  magnetic
layer 3 was formed. 14 9 7 JUL 2006 On the magnetic layer 3, a carbon protective film 4 of 10 nm
thickness  was deposited by a sputtering method, and then, the resulted article was  taken out from the
vacuum of the sputtering apparatus. 5 A liquid lubricant layer 5 having thickness of 1.5 nm was formed
by  applying liquid lubricant of perfluoropolyether on the carbon protective film 4. Thus, a magnetic
recording medium as shown in Fig. 1 was produced. 10 In the above-described laminating process,
heating the non-magnetic  substrate 1 in advance was not performed. Concerning magnetic
characteristics of the produced magnetic recording  



The magnetic characteristics and electromagnetic conversion 

characteristics on the obtained magnetic recording medium were measured in 

the same manner as in Example 1. 

5 The composition of the laminate structure of this example is shown in 

Table 1 and the measured characteristics are given in Table 2. 

Example 3 

10 A magnetic recording medium as shown in Fig. 1 was produced in the 

same manner as  in Example 1 except that a magnetic layer 3 having total 

thickness of 20 nm was provided by laminating four magnetic layer 

components, each having thickness of 5 nm. 

15 The magnetic characteristics and electromagnetic conversion 

characteristics on the obtained magnetic recording medium were measured in 

the same manner as in Example 1. 

The composition of the laminate structure of this example is shown in 

20 Table 1 and the measured characteristics are given in Table 2. 

Example 4 

A magnetic recording medium as  shown in Fig. 1 was produced in the 

25 same manner as in Example 2 except that a magnetic layer 3 shown in Fig. 

2(b) was formed that comprises oxide layers 3a1, 3b1, 3c' and 3d' on and 

beneath each of the magnetic layer components by exposing to Ar- 10%02 gas 

atmosphere at  10 mTorr for 10 seconds before depositing the magnetic layer 

component 3a and after depositing each of the magnetic layer components 3a, 

30 3b and 3c. 

medium, the coercive force He and the product Br S of remanent magnetic 15 flux density and film
thickness were measured using a vibrating sample  magnetometer VSM. Concerning electromagnetic
conversion characteristics,  regeneration output of solitary regeneration wave TAA, and media noise
and  SNR (signal-to-noise ratio) at track recording density of 120 kFCI were  measured using a GMR
head on a spinning stand tester. 20 Table 1 shows the composition of the laminate structure and Table
2  gives the measured characteristics. Example 2 25 A magnetic recording medium as shown in Fig. 1
was produced in the  same manner as in Example 1 except that a magnetic layer 3 shown in Fig.  2(a)
having total thickness of 20 nm was provided by laminating three  magnetic layer components 3a, 3b
and 3c, each having thickness of about 6.7  30 nm. 15 0 7 JUL 20DO The magnetic characteristics
and electromagnetic conversion  characteristics on the obtained magnetic recording medium were
measured in  the same manner as in Example 1. 5 The composition of the laminate structure of this
example is shown in  Table 1 and the measured characteristics are given in Table 2. Example 3 10 A
magnetic recording medium as shown in Fig. 1 was produced in the  same manner as in Example 1
except that a magnetic layer 3 having total  thickness of 20 nm was provided by laminating four
magnetic layer  components, each having thickness of 5 nm. 15 The magnetic characteristics and
electromagnetic conversion  



The magnetic characteristics and electromagnetic conversion 

characteristics on the obtained magnetic recording medium were measured in 

the same manner as in Example 1. 

5 The composition of the laminate structure of this example is shown in 

Table 1 and the measured characteristics are given in Table 2. 

Comparative Example 1 

10 A magnetic recording medium was produced in the same manner as in 

Example 1 except that  the magnetic layer 3 was composed of a single 

magnetic layer component having thickness of 20 nm. 

The magnetic characteristics and electromagnetic conversion 

15 characteristics on the obtained magnetic recording medium were measured in 

the same manner as in Example 1. 

The composition of the laminate structure of this example is shown in 

Table 1 and the measured characteristics are given in Table 2. 

2 0 

Example 5 

A magnetic recording medium as shown in Fig. 1 was produced in the 

same manner as in Example 1 except that a target having composition of Co- 

25 10 at% Cr-14 at% Pt added with 12 mol% of SiN was used and granular 

magnetic layer components 3a and 3b having the same composition as  that of 

the target were formed, for obtaining magnetic layer 3. 

30 The magnetic characteristics and electromagnetic conversion 

characteristics on the obtained magnetic recording medium were measured in 

the same manner as in Example 1. 

17 

characteristics on the obtained magnetic recording medium were measured in  the same manner as in
Example 1. The composition of the laminate structure of this example is shown in  20 Table I and the
measured characteristics are given in Table 2. Example 4 A magnetic recording medium as shown in
Fig. 1 was produced in the  25 same manner as in Example 2 except that a magnetic layer 3 shown in
Fig. 2(b) was formed that comprises oxide layers 3a', 3b', 3c' and 3d' on and  beneath each of the
magnetic layer components by exposing to Ar-10%02 gas  atmosphere at 10 mTorr for 10 seconds
before depositing the magnetic layer  component 3a and after depositing each of the magnetic layer
components 3a,  30 3b and 3c. 16 D 7 JUL 2006 The magnetic characteristics and electromagnetic
conversion  characteristics on the obtained magnetic recording medium were measured in  the same
manner as in Example 1. 5 The composition of the laminate structure of this example is shown in
Table 1 and the measured characteristics are given in Table 2. Comparative Example 1 I D A
magnetic recording medium was produced in the same manner as in  Example 1 except that the
magnetic layer 3 was composed of a single  magnetic layer component having thickness of 20 nm.
The magnetic characteristics and electromagnetic conversion  15 characteristics on the obtained
magnetic recording medium were measured in  the same manner as in Example 1. The composition of
the laminate structure of this example is shown in  Table 1 and the measured characteristics are given
in Table 2. 20 



The composition of the laminate structure of this example is shown in 

Table 1 and the measured characteristics are given in Table 2. 

Example 6 

5 

A magnetic recording medium a s  shown in Fig. 1 was produced in the 

same manner a s  in Example 2 except that  the composition of the target for 

forming the magnetic layer components of the magnetic layer 3 a s  shown in 

Fig. 2(a) was Co-10 at% Cr-14 at% P t  added with 12 mol% of SiN. 

10 

The magnetic characteristics and electromagnetic conversion 

characteristics on the obtained magnetic recording medium were measured in 

the same manner a s  in Example 1. 

15 The composition of the laminate structure of this example is shown in 

Table 1 and the measured characteristics are given in Table 2. 

Example 7 

2 0 A magnetic recording medium a s  shown in Fig. 1 was produced in the 

same manner a s  in Example 4 except that  the composition of the target for 

forming the magnetic layer components of the magnetic layer 3 as  shown in 

Fig. 2(b) was Co-10 at% Cr-14 at% Pt  added with 12 mol% of SiN. 

25 The magnetic characteristics and electromagnetic conversion 

characteristics on the obtained magnetic recording medium were measured in 

the same manner a s  in Example I. 

The composition of the laminate structure of this example is shown in 

30 Table 1 and the measured characteristics are given in Table 2. 

Example 5 A magnetic recording medium as shown in Fig. 1 was produced in the  same manner as in
Example 1 except that a target having composition of Co 25 10 at% Cr-14 at% Pt added with 12 mol%
of SiN was used and granular  magnetic layer components 3a and 3b having the same composition as
that of  the target were formed, for obtaining magnetic layer 3. 30 The magnetic characteristics and
electromagnetic conversion  characteristics on the obtained magnetic recording medium were
measured in  the same manner as in Example 1. 17 V7 JUL 2006 The composition of the laminate
structure of this example is shown in  Table 1 and the measured characteristics are given in Table 2.
Example 6 5 A magnetic recording medium as shown in Fig. 1 was produced in the  same manner as
in Example 2 except that the composition of the target for  forming the magnetic layer components of
the magnetic layer 3 as shown in  Fig. 2(a) was Co-10 at% Cr-14 at% Pt added with 12 mol% of SiN.
I() The magnetic characteristics and electromagnetic conversion  characteristics on the obtained
magnetic recording medium were measured in  the same manner as in Example 1. 15 The
composition of the laminate structure of this example is shown in  Table 1 and the measured
characteristics are given in Table 2. Example 7 20 A magnetic recording medium as shown in Fig. 1
was produced in the  same manner as in Example 4 except that the composition of the target for
forming the magnetic layer components of the magnetic layer 3 as shown in  



Comparative Example 2 

A magnetic recording medium was produced in the same manner as in 

Example 5 except that the magnetic layer 3 was composed of a single 

5 magnetic layer component having thickness of 20 nm. 

The magnetic characteristics and electromagnetic conversion 

characteristics on the obtained magnetic recording medium were measured in 

the same manner as in Example 1. 

10 

The composition of the laminate structure of this example is shown in 

Table 1 and the measured characteristics are given in Table 2. 

Table 1 

15 

Example 1 
Example 2 
Example 3 
Example 4 

Comp Example 1 
Example 5 
Example 6 
Example 7 

Comp Example 2 

composition 

Co- 10Cr- 14Pt-7Si02 
Co- 10Cr-14Pt-7Si02 
Co-10Cr- 14Pt-7Si02 
Co-10Cr- 14Pt-7Si02 
Co- lOCr- 14Pt-7SiO2 
Co-10Cr- 14Pt- 12SiN 
Co-1OCr- 14Pt- 12SiN 
Co- 1OCr- 14Pt- 12SiN 
Co- 1OCr-14Pt-12SiN 

number of 
magnetic 

layer 
components 

2 
3 
4 
3 
1 
2 
3 
3 
1 

thickness of 
magnetic layer 

component 
(nm) 

10 
6.7 
5 
7 

2 0 
10 
6.7 
7.1 
2 0 

oxide 
layer 

none 
none 
none 

provided 
none 
none 
none 

provided 
none 

Fig. 2(b) was Co-10 at% Cr-14 at% Pt added with 12 mol% of SiN. 25 The magnetic characteristics
and electromagnetic conversion  characteristics on the obtained magnetic recording medium were
measured in  the same manner as in Example 1. The composition of the laminate structure of this
example is shown in  30 Table 1 and the measured characteristics are given in Table 2. 18 0 7 JUL
2006 Comparative Example 2 A magnetic recording medium was produced in the same manner as in
Example 5 except that the magnetic layer 3 was composed of a single  5 magnetic layer component
having thickness of 20 nm. The magnetic characteristics and electromagnetic conversion
characteristics on the obtained magnetic recording medium were measured in  the same manner as in
Example 1. 10 The composition of the laminate structure of this example is shown in  Table 1 and the
measured characteristics are given in Table 2. Table 1 15 number of thickness of
compositionmagnetic magnetic layer oxide layer component layer 



Table 2 

5 Fig. 3 shows coercive force Hc of each of the magnetic recording media of 

Examples 1 through 4 and Comparative Example 1. Fig. 4 shows SNR 

(signal-to-noise ratio) of each of the magnetic recording media of Examples 1 

through 4 and Comparative Example 1. The dependence of Hc and SNR on 

the number of magnetic layer components was studied. 

Example 7 
Comp Example 2 

Fig. 3, Fig. 4, and Table 2 shows that  the coercive force Hc and the SNR 

increase with the increase of the number of the magnetic layer components. 

The Hc has been enhanced by more than 50 Oe and over 400 Oe a t  

15 maximum, and the SNR has been improved by more than 1.0 dB and by 2.2 

dB a t  maximum in the magnetic recording media having magnetic layer 3 

that  is laminated with two or more magnetic layer components a s  in Examples 

1 through 4 in comparison with the magnetic recording medium having 

magnetic layer 3 that  is composed of a single magnetic layer component a s  in 

20 Comparative Example 1. 

3,331 
2,765 

60 
62 

0.70 
0.72 

20.2 
31.4 

23.3 
21.2 

components(nm) Example 1Co-lOCr-14Pt-7SiO2210none Example 2Co-lOCr-14Pt-7SiO236.7none
Example 3Co-lOCr-14Pt-7SiO245none Example 4Co-lOCr-14Pt-7SiO237provided Comp Example
1Co-lOCr-14Pt-7SiO2120none Example 5Co-lOCr-l4Pt-12SiN210none Example
6Co-1OCr-14Pt-12SiN36.7none Example 7Co-lOCr-14Pt-12SiN37.1provided Comp Example
2Co-lOCr-l4Pt-12SiN120none 19 U 7 JUL 2DD6 Table 2 Br d regeneration media SNR He
(Oe)(GRm)output noise (dB) (mVp-p)(RV) Example 13,142600.7024.322.7 Example
23,272630.7122.522.9 Example 33,290590.6922.023.2 Example 43,492600.6718.923.9 Comp
Example 13,088590.7129.221.7 Example 52,982610.7026.422.2 Example 63,146590.6924.122.5
Example 73,331600.7020.223.3 



a 7 JUL 2DDS 

The coercive force Hc and the SNR has been further improved in the 

magnetic recording medium of Example 4 in which the processes of exposing 

to Ar-10%02 gas were added before and after depositing each of the magnetic 

layer components in comparison with Example 2 that did not experience the 

5 process. As described earlier, the improvement resulted from further 

promotion of segregation structure of the magnetic layer caused by effective 

oxygen supply to the granular magnetic layer from the oxide layers formed. 

Owing to this effect, the coercive force Hc has been improved by more than 

200 Oe and the SNR by 1.0 dB, in the magnetic recording medium having the 

10 oxide layers in comparison with the one without oxide layer. 

When multi-layer structure is taken in the magnetic layer, thickness of 

each magnetic layer component becomes thinner. In general, when film 

thickness of a magnetic layer is thicker, magnetization tends to more 

15 vertically orient. Taking multi-layer structure with total film thickness 

unchanged in the present invention means lamination of a plurality of thin 

magnetic layer components. Consequently, in-plane orientation of 

magnetization is enhanced, resulting in improvement of various 

characteristics. 

2 0 

Moreover, in the cases of examples 5 through 7 and Comparative 

Example 2 where nitride SiN was used in place of oxide SiOz as the material 

for forming the non-magnetic grain boundary of the magnetic layer, similar 

25 results were obtained. 

Example 8 

A polyolefin substrate with smooth surface was used for a substrate. 

30 After cleaning, the substrate was introduced into a sputtering apparatus. A 

non-magnetic under-layer 2 having thickness of 15 nm was formed of Cr-20 

at% Mo by a dc magnetron sputtering method using a target of Mo-containing 

2 1 

Comp Example 22,765620.7231.421.2 5 Fig. 3 shows coercive force He of each of the magnetic
recording media of  Examples 1 through 4 and Comparative Example 1. Fig. 4 shows SNR
(signal-to-noise ratio) of each of the magnetic recording media of Examples 1  through 4 and
Comparative Example 1. The dependence of He and SNR on  the number of magnetic layer
components was studied. 10 Fig. 3, Fig. 4, and Table 2 shows that the coercive force He and the SNR
increase with the increase of the number of the magnetic layer components. The He has been
enhanced by more than 50 Oe and over 400 Oe at  15 maximum, and the SNR has been improved by
more than 1.0 dB and by 2.2 dB at maximum in the magnetic recording media having magnetic layer 3
that is laminated with two or more magnetic layer components as in Examples  1 through 4 in
comparison with the magnetic recording medium having  magnetic layer 3 that is composed of a single
magnetic layer component as in  20 Comparative Example 1. 20 7 JUL 20D6 The coercive force He
and the SNR has been further improved in the  magnetic recording medium of Example 4 in which the
processes of exposing  to Ar-10%02 gas were added before and after depositing each of the magnetic
layer components in comparison with Example 2 that did not experience the 5 process. As described
earlier, the improvement resulted from further  promotion of segregation structure of the magnetic layer
caused by effective  oxygen supply to the granular magnetic layer from the oxide layers formed.
Owing to this effect, the coercive force He has been improved by more than  200 Oe and the SNR by
1.0 dB, in the magnetic recording medium having the  10 oxide layers in comparison with the one
without oxide layer. When multi-layer structure is taken in the magnetic layer, thickness of  
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Cr alloy under an argon gas pressure of 50 mTorr without heating the 

substrate. 

Then, a granular magnetic layer component 3a having thickness of 10 

5 nm and the same composition as  the target was formed by an  RF sputtering 

method using a target of 71 at% Co- 10 at% Cr- 14 at% Pt containing 7 mol% of 

SiO2 under an argon gas pressure of 30 mTorr. Subsequently, another 

granular magnetic layer component 3b having thickness of 10 nm and the 

same composition as  the target was formed by using a target of 66 at% Co-10 

10 at% Cr-14 at% Pt containing 10 mol% of SiO2 under the same conditions as in 

the component 3a. Thus, the double-layered magnetic layer 3 was formed. 

On the magnetic layer 3, a carbon protective film 4 of 10 nm thickness 

was deposited by a sputtering method, and then, the resulted article was take 

15 out from the vacuum of the sputtering apparatus. 

A liquid lubricant layer 5 having thickness of 1.5 nm was formed by 

applying liquid lubricant of perfluoropolyether on the carbon protective film 4. 

20 Thus, a magnetic recording medium as shown in Fig. 1 was produced. 

In the above-described laminating process, heating the non-magnetic 

substrate 1 in advance was not performed. 

25 Table 3 shows the composition of each of the magnetic layer components 

and the number of the magnetic layer components of the magnetic layer. 

In this example, the chromium alloy under-layer having a body centered 

cubic lattice is accomplished an  excellent (200) orientation and the granular 

30 magnetic layer is aimed at  the epitaxial growth in which the axis of easy 

magnetization aligns in (110) orientation of a hexagonal closest-packed 

structure. 

each magnetic layer component becomes thinner. In general, when film  thickness of a magnetic layer
is thicker, magnetization tends to more 15 vertically orient. Taking multi-layer structure with total film
thickness  unchanged in the present invention means lamination of a plurality of thin  magnetic layer
components. Consequently, in-plane orientation of  magnetization is enhanced, resulting in
improvement of various  characteristics. 20 Moreover, in the cases of examples 5 through 7 and
Comparative  Example 2 where nitride SiN was used in place of oxide Si02 as the material  for forming
the non-magnetic grain boundary of the magnetic layer, similar  25 results were obtained. Example 8 A
polyolefin substrate with smooth surface was used for a substrate.  30 After cleaning, the substrate
was introduced into a sputtering apparatus. A non-magnetic under-layer 2 having thickness of 15 nm
was formed of Cr-20  at% Mo by a dc magnetron sputtering method using a target of Mo-containing
21 0 7 JUL 2UU6 Cr alloy under an argon gas pressure of 50 mTorr without heating the  substrate.
Then, a granular magnetic layer component 3a having thickness of 10  5 nm and the same
composition as the target was formed by an RF sputtering method using a target of 71 at% Co-10 at%
Cr-14 at% Pt containing 7 mol% of  SiO2 under an argon gas pressure of 30 mTorr. Subsequently,
another  granular magnetic layer component 3b having thickness of 10 nm and the  same composition
as the target was formed by using a target of 66 at% Co-10 10 at% Cr- 14 at% Pt containing 10 mol%
of SiO2 under the same conditions as in  the component 3a. Thus, the double-layered magnetic layer
3 was formed. 



Effects in this Example are represented by an  intensity ratio of X-ray 

diffraction peaks and a half-width obtained by rocking curve measurement 

that expresses dispersion of orientation at the (110) peak of the uppermost 

5 component of the granular magnetic layer 3b. The magnitude of the half- 

width reflects the extent of epitaxial growth. Large intensity ratio of the X- 

ray diffraction peaks indicates excellent crystallinity and small half-width of 

the rocking curve shows orderly epitaxial growth. 

10 The intensity ratio of the X-ray diffraction peaks and the half-width of 

the rocking curve were measured on the produced magnetic recording medium. 

The results are given in Table 4. The intensity ratio of the X-ray diffraction 

peaks was measured by means of powder X-ray diffractometry, that  is 8 -2 8 

method, on an  X-ray diffractometer. The half-width of the rocking curve was 

15 measured with an  X-ray profile obtained by moving the detector represented 

by 2 8 ,  while fixing the sample holder represented by 8 . 

Concerning magnetic characteristics of the produced magnetic recording 

medium, the coercive force Hc and the product Br 6 of remanent magnetic 

20 flux density and film thickness in the horizontal direction and the vertical 

direction were measured using a vibrating sample magnetometer VSM. 

Concerning electromagnetic conversion characteristics, regeneration output of 

solitary regeneration wave TAA, and media noise and SNR (signal-to-noise 

ratio) a t  track recording density of 120 kFCI were measured using a GMR 

25 head on a spinning stand tester. The measured results are given in Table 5. 

Example 9 

A magnetic recording medium as shown in Fig. 1 was produced in the 

30 same manner as  in Example 8 except that  a magnetic layer with three layer 

structure was formed by depositing a magnetic layer component 3a having 

On the magnetic layer 3, a carbon protective film 4 of 10 nm thickness  was deposited by a sputtering
method, and then, the resulted article was take  15 out from the vacuum of the sputtering apparatus. A
liquid lubricant layer 5 having thickness of 1.5 nm was formed by  applying liquid lubricant of
perfluoropolyether on the carbon protective film 4. 20 Thus, a magnetic recording medium as shown in
Fig. 1 was produced. In the above-described laminating process, heating the non-magnetic  substrate
1 in advance was not performed. 25 Table 3 shows the composition of each of the magnetic layer
components  and the number of the magnetic layer components of the magnetic layer. In this example,
the chromium alloy under-layer having a body centered  cubic lattice is accomplished an excellent
(200) orientation and the granular 30 magnetic layer is aimed at the epitaxial growth in which the axis
of easy  magnetization aligns in (110) orientation of a hexagonal closest-packed  structure. 22 V 7 JUL
2006 Effects in this Example are represented by an intensity ratio of X-ray  diffraction peaks and a
half-width obtained by rocking curve measurement  that expresses dispersion of orientation at the
(110) peak of the uppermost 5 component of the granular magnetic layer 3b. The magnitude of the
half- width reflects the extent of epitaxial growth. Large intensity ratio of the X- ray diffraction peaks
indicates excellent crystallinity and small half-width of  the rocking curve shows orderly epitaxial
growth. 10 The intensity ratio of the X-ray diffraction peaks and the half-width of  the rocking curve
were measured on the produced magnetic recording medium.  The results are given in Table 4. The
intensity ratio of the X-ray diffraction  peaks was measured by means of powder X-ray diffractometry,
that is 6 -2 6  method, on an X-ray diffractometer. The half-width of the rocking curve was 



thickness of 7 nm and the same composition as the target using a target of 75 

at% Co- 10 at% Cr- 10 at% Pt containing 5 mol% of SiOz, depositing a magnetic 

layer component 3b having thickness of 7 nm and the same composition as  the 

target using a target of 71 at% Co-10 at% Cr-12 at% Pt containing 7 mol% of 

5 SiOz, and depositing a magnetic layer component 3c having thickness of 7 nm 

and the same composition as the target using a target of 66 at% Co-10 at% Cr- 

14 at% Pt containing 10 mol% of SiOa. 

In this example, like in Example 8, the chromium alloy under-layer 

10 having a body centered cubic lattice is accomplished an excellent (200) 

orientation and the granular magnetic layer is aimed a t  the epitaxial growth 

in which the axis of easy magnetization aligns in (110) orientation of a 

hexagonal closest-packed structure. 

15 As in Example 8, the intensity ratio of the X-ray diffraction peaks and 

the half-width of the rocking curve were measured on the produced magnetic 

recording medium. The results are given in Table 4. The coercive force Hc in 

the horizontal and vertical directions, the product Br 6 of remanent magnetic 

flux density and film thickness, and SNR were measured as  in Example 8. 

20 The results are given in Table 5. 

Comparative Example 3 

A magnetic recording medium was produced in the same manner as in 

25 Example 8 except that the magnetic layer consisting of a single layer having 

thickness of 20 nm and the same composition as that of the target was formed 

using the target having composition of 66 at% Co-10 at% Cr-14 at% Pt 

containing 10 mol% of SiOa. 

3 0 As in Example 8, the intensity ratio of the X-ray diffraction peaks and 

the half-width of the rocking curve were measured on the produced magnetic 

15 measured with an X-ray profile obtained by moving the detector represented  by 2 0, while fixing
the sample holder represented by 6 . Concerning magnetic characteristics of the produced magnetic
recording  medium, the coercive force He and the product Br 6 of remanent magnetic 20 flux density
and film thickness in the horizontal direction and the vertical  direction were measured using a
vibrating sample magnetometer VSM.  Concerning electromagnetic conversion characteristics,
regeneration output of  solitary regeneration wave TAA, and media noise and SNR (signal-to-noise
ratio) at track recording density of 120 kFCI were measured using a GMR 25 head on a spinning stand
tester. The measured results are given in Table 5. Example 9 A magnetic recording medium as shown
in Fig. 1 was produced in the  30 same manner as in Example 8 except that a magnetic layer with
three layer structure was formed by depositing a magnetic layer component 3a having 23 D 7 JUL
1006 thickness of 7 nm and the same composition as the target using a target of 75  at% Co-10 at%
Cr-l0 at% Pt containing 5 mol% of SiO2, depositing a magnetic  layer component 3b having thickness
of 7 nm and the same composition as the  target using a target of 71 at% Co-10 at% Cr-12 at% Pt
containing 7 mol% of 5 Si02, and depositing a magnetic layer component 3c having thickness of 7 nm
and the same composition as the target using a target of 66 at% Co-10 at% Cr- 14 at% Pt containing
10 mol% of SiO2. In this example, like in Example 8, the chromium alloy under-layer  10 having a body
centered cubic lattice is accomplished an excellent (200) orientation and the granular magnetic layer is
aimed at the epitaxial growth  in which the axis of easy magnetization aligns in (110) orientation of a
hexagonal closest-packed structure. 15 As in Example 8, the intensity ratio of the X-ray diffraction
peaks and  



recording medium. The results are given in Table 4. The coercive force Hc in 

the horizontal and vertical directions, the product Br 6 of remanent magnetic 

flux density and film thickness, and SNR were measured as in Example 8. 

The results are given in Table 5. 

5 

the half-width of the rocking curve were measured on the produced magnetic  recording medium. The
results are given in Table 4. The coercive force He in  the horizontal and vertical directions, the product
Br 6 of remanent magnetic  flux density and film thickness, and SNR were measured as in Example 8,
20 The results are given in Table 5. Comparative Example 3 A magnetic recording medium was
produced in the same manner as in  25 Example 8 except that the magnetic layer consisting of a single
layer having thickness of 20 nm and the same composition as that of the target was formed  using the
target having composition of 66 at% Co-10 at% Cr-14 at% Pt  containing 10 mol% of SiO2. 30 As in
Example 8, the intensity ratio of the X-ray diffraction peaks and  the half-width of the rocking curve were
measured on the produced magnetic 24 D 7 JUL 2005 recording medium. The results are given in
Table 4. The coercive force He in  the horizontal and vertical directions, the product Br S of remanent
magnetic  flux density and film thickness, and SNR were measured as in Example S.  The results are
given in Table 5. 5 25 D 7 JUL 2006 Table 3 magnetic layer compositionnumber of layers Example
8Co-lOCr-12Pt-7SiO22 Co-lOCr-14Pt-lOSiO2 Example 9Co-lOCrlOPt-5SiO23 



Table 3 

Table 4 

Example 8 

Example 9 

Comparative Example 3 

5 Table 5 

magnetic layer 

Example 8 

Example 9 

Comparative 
Example 3 

composition 

Co- 10Cr- 12Pt-7Si02 
Co- 10Cr- 14Pt- 10Si02 
Co- lOCr- lOPt-5SiO2 
Co- 10Cr- 12Pt-7Si02 
Co- 10Cr-14Pt- 10Si02 
Co- 10Cr- 14Pt- 10Si02 

number of 
layers 

2 

3 

1 

peak intensity 
ratio 

1(110)/I(101) 
2 - 3  

>10 

a 1 

Example 8 
Example 9 

Comparative 
Example 3 

rocking curve 
halfwidth 

(deg) 
12 

4 

30 

comment 

(1 10) preferential 
orientation: 

incomplete epitaxy 
strong (1 10) orientation: 

excellent ep itaxy 
random orientation: 

not epitaxial 

horizontal 
- Hc (Oe) 

3,198 
3,387 
3,042 

SNR 
(dB) 
22.7 
23.7 
21.6 

Br 6 
(Gpm) 

6 1 
60 
59 

vertical 
Hc (Oe) 

98 9 
5 3 

2790 

B r 6  
(Gpm) 

11 
4 
25 

Co-lOCr-12Pt-7SiO2 Co-10Cr-14Pt-lOSiO2 Comparative Example 3Co-lOCr-14Pt-lOSiO21 Table 4
peak intensityrocking curvecomment ratiohalf-width I(110)11(101)(deg) Example 82 -312(110)
preferential orientation: incomplete epitaxy Example 9>104strong (110) orientation: excellent epitax
Comparative"130random orientation: Example 3not epitaxial 5 Table 5 horizontalvertical He (Oe) IBr S
He (Oe)Br & SNR (G m)(G m)(dB) Example 83,198619891122.7 Example 93,3876053423.7
Comparative 3,0425927902521.6 Example 3 26 0 7 JUL 2D06 It can be understood from Table 4 that
the alignment in the magnetic  layer of Comparative Example 3, which has a granular magnetic layer
of a  



It  can be understood from Table 4 that the alignment in the magnetic 

layer of Comparative Example 3, which has a granular magnetic layer of a 

single layer, is random alignment that  does not exhibit any preferential 

orientation, and the large half-width of the rocking curve implies that 

5 epitaxial growth in the (200) direction of the chromium alloy under-layer did 

not develop. 

In longitudinal recording, c-axis of the magnetic layer having hexagonal 

closest-packed structure is desired to align with in-plane orientation. In 

10 general, when alignment of the under-layer chromium alloy having a body 

centered cubic lattice exhibits preferred orientation in (200) plane, the in- 

plane orientation in which the axis of easy magnetization of the magnetic 

layer is hcp (1 10) plane, grows epitaxially. 

15 In the double-layered granular magnetic layer of Example 8, the lower 

magnetic layer component is formed having a composition in which grain size 

is smaller and misfit is also smaller than those of the upper magnetic layer 

component. Consequently, lattice matching with upper and lower interfaces 

is improved with the aid of the lower magnetic layer component, and the 

20 orientation of the upper magnetic layer component became such that the axis 

of easy magnetization of Co is hcp (1 10) preferential orientation. Besides, the 

half-width of the rocking curve indicates development of much more improved 

epitaxial growth than in Comparative Example 3. 

2 5 In Example 9, one more magnetic layer component that  has composition 

with small grain size and little misfit, was deposited as compared with 

Example 8.  Because the Example 9 allows to more precisely control promotion 

of the lattice matching, the axis of easy magnetization in the uppermost 

magnetic layer component strongly aligns in hcp (1 10) orientation. Moreover, 

30 the half-width of the rocking curve obtained was very small, which shows a 

remarkable effect of the multi-layer structure. 

single layer, is random alignment that does not exhibit any preferential  orientation, and the large
half-width of the rocking curve implies that 5 epitaxial growth in the (200) direction of the chromium
alloy under-layer did  not develop. In longitudinal recording, c-axis of the magnetic layer having
hexagonal  closest-packed structure is desired to align with in-plane orientation. In 10 general, when
alignment of the under-layer chromium alloy having a body  centered cubic lattice exhibits preferred
orientation in (200) plane, the in- plane orientation in which the axis of easy magnetization of the
magnetic  layer is hcp (110) plane, grows epitaxially. 15 In the double-layered granular magnetic layer
of Example 8, the lower  magnetic layer component is formed having a composition in which grain size
is smaller and misfit is also smaller than those of the upper magnetic layer  component. Consequently,
lattice matching with upper and lower interfaces  is improved with the aid of the lower magnetic layer
component, and the 20 orientation of the upper magnetic layer component became such that the axis
of easy magnetization of Co is hcp (110) preferential orientation. Besides, the  half-width of the rocking
curve indicates development of much more improved  epitaxial growth than in Comparative Example
3. 25 In Example 9, one more magnetic layer component that has composition  with small grain size
and little misfit, was deposited as compared with  Example 8. Because the Example 9 allows to more
precisely control promotion  of the lattice matching, the axis of easy magnetization in the uppermost
magnetic layer component strongly aligns in hcp (110) orientation. Moreover, 30 the half-width of the
rocking curve obtained was very small, which shows a  remarkable effect of the multi-layer structure.
27 D 7 JUL 2006 As can be seen from Table 4 and Table 5, alignment of the magnetic layer  



As can be seen from Table 4 and Table 5, alignment of the magnetic layer 

is not controlled in Comparative Example 3 and the Co-c-axis orientation is in 

random orientation. Consequently, the coercive force in vertical direction is 

large and the grain boundary segregation structure is insufficient, which 

5 results large media noise and deteriorated SNR. 

In contrast, Examples 8 and 9, in which epitaxial growth from the under- 

layer progressed to a considerable extent, exhibited a very small value of the 

coercive force in vertical direction. This also reveals an effect of multi-layer 

10 structure of the magnetic layer. The results are reduction of media noise due 

to promotion of the segregation structure and enhancement of SNR due to 

reduction of the noise caused by the vertical component of magnetization. 

Advantageous Effect of the  invention 

15 

By laminating a plurality of magnetic layer components each having 

granular structure, alignment of the magnetic layer is possible to be 

controlled and such a magnetic layer is obtained that exhibits excellent 

crystallinity and has little dispersion of orientation. As a result, higher Hc 

20 ' and lower noise are achieved more favorably than in a magnetic recording 

medium having a continuously deposited magnetic layer, in comparison with 

a conventional granular magnetic layer consisting of a single continuous layer. 

In addition, since high Hc is easily attained thanks to the effect of the 

invention even if the amount of platinum in the target for the magnetic layer 

25 is decreased, low noise can be attained with less amount of platinum, which 

means possibility of cost reduction. 

The ,above-described effect produced by the multi-layer structure of the 

magnetic layer is enhanced when the non-magnetic non-metallic substance 

30 used in the granular magnetic layer is oxide(s) of a t  least one element selected 

from the group consisting of Cr, Co, Si, Al, Ti, Ta, Hf and Zr, when a Copt 

alloy containing a t  least a n  element selected from the group consisting of Cr, 

28 

is not controlled in Comparative Example 3 and the Co-c-axis orientation is in  random orientation.
Consequently, the coercive force in vertical direction is  large and the grain boundary segregation
structure is insufficient, which  5 results large media noise and deteriorated SNR. In contrast,
Examples 8 and 9, in which epitaxial growth from the under- layer progressed to a considerable extent,
exhibited a very small value of the  coercive force in vertical direction. This also reveals an effect of
multi-layer 10 structure of the magnetic layer. The results are reduction of media noise due  to
promotion of the segregation structure and enhancement of SNR due to  reduction of the noise caused
by the vertical component of magnetization. Advantageous Effect of the invention 15 By laminating a
plurality of magnetic layer components each having  granular structure, alignment of the magnetic
layer is possible to be  controlled and such a magnetic layer is obtained that exhibits excellent
crystallinity and has little dispersion of orientation. As a result, higher He 20 and lower noise are
achieved more favorably than in a magnetic recording  medium having a continuously deposited
magnetic layer, in comparison with  a conventional granular magnetic layer consisting of a single
continuous layer.  In addition, since high He is easily attained thanks to the effect of the  invention
even if the amount of platinum in the target for the magnetic layer 25 is decreased, low noise can be
attained with less amount of platinum, which  means possibility of cost reduction. The above-described
effect produced by the multi-layer structure of the  magnetic layer is enhanced when the non-magnetic
non-metallic substance 30 used in the granular magnetic layer is oxide(s) of at least one element
selected  from the group consisting of Cr, Co, Si, Al, Ti, Ta, Hf and Zr, when a CoPt  alloy containing at
least an element selected from the group consisting of Cr,  28 



Ni and Ta is used for the ferromagnetic crystal in the granular magnetic layer, 

or when chromium or chromium alloy is used for the non-magnetic under- 

layer. 

5 By employing the multi-layer structure in the magnetic layer, even if 

heating of the substrate is omitted in laminating a medium of the invention, 

the media noise due to the magnetic grain size and the grain boundary 

segregation and the noise due to vertical component of magnetization are 

reduced, and high Hc is readily achieved. Accordingly, plastics with low cost 

10 may be used for the substrate in addition to conventional aluminum and glass 

substrate. 

D 7 JUL 2DD6 Ni and Ta is used for the ferromagnetic crystal in the granular magnetic layer,  or when
chromium or chromium alloy is used for the non-magnetic under- layer. 5 By employing the multi-layer
structure in the magnetic layer, even if  heating of the substrate is omitted in laminating a medium of
the invention,  the media noise due to the magnetic grain size and the grain boundary  segregation
and the noise due to vertical component of magnetization are  reduced, and high He is readily
achieved. Accordingly, plastics with low cost 10 may be used for the substrate in addition to
conventional aluminum and glass  substrate. 15 20 25 30 29 V 7 JUL 2006 What is claimed is: 5 1. A
method for manufacturing a magnetic recording medium comprising steps of:  (1) laminating a
non-magnetic under-layer on a non-magnetic magnetic substrate;  (2) laminating a magnetic layer on
said under-layer by (i) exposing to an atmosphere of oxygen-containing gas and forming an  oxide
layer on a surface, 10 (ii) depositing a magnetic layer component comprising ferromagnetic grains  and
grain boundaries surrounding said grains, (iii) repeating the procedures (i) and (ii) predetermined
times, and (iv) exposing to said atmosphere of oxygen-containing gas and forming an  oxide layer on a
surface; 



What is claimed is: 

5 1. A method for manufacturing a magnetic recording medium comprising steps of: 

(1) laminating a non-magnetic under-layer on a non-magnetic magnetic substrate; 

(2) laminating a magnetic layer on said under-layer by 

(i) exposing to an atmosphere of oxygen-containing gas and forming an 

oxide layer on a surface, 

10 (ii) depositing a magnetic layer component comprising ferromagnetic grains 

and grain boundaries surrounding said grains, 

(iii) repeating the procedures (i) and (ii) predetermined times, and 

(iv) exposing to said atmosphere of oxygen-containing gas and forming an 

oxide layer on a surface; 

15 (3) laminating a protective film on said magnetic layer; and 

(4) laminating a liquid lubricant layer on said protective film. 

2. A method for manufacturing a magnetic recording medium according to claim 1, 

wherein said steps ( I )  to (4) are performed without heating said substrate in advance. 

20 

15 (3) laminating a protective film on said magnetic layer; and  (4) laminating a liquid lubricant layer on
said protective film. 2. A method for manufacturing a magnetic recording medium according to claim 1,
wherein said steps (1) to (4) are performed without heating said substrate in advance. 20 25 30 




