
DESCRIPTION 

METHOD FOR PRODUCING MAGNETIC RECORDING MEDIUM 

Technical Field 

[0001] The present invention relates to a magnetic 

recording medium. In particular, the present invention relates 

to a magnetic recording medium used in a hard disc magnetic 

recording device (HDD). 

Background Art 

[0002] Perpendicular magnetic recording system is adopted 

as a technique for achieving high-density magnetic recording. 

A perpendicular magnetic recording medium at least comprises 

a non-magnetic substrate and a magnetic recording layer formed 

of a hard-magnetic material. Optionally, the perpendicular 

magnetic recording medium may further comprise: a soft-

magnetic under layer which is formed from soft-magnetic 

material and plays a role in concentrating the magnetic flux 

generated by a magnetic head onto the magnetic recording layer; 

an interlayer for orienting the hard-magnetic material in the 

magnetic recording layer in an intended direction; a protective 

film for protecting the surface of the magnetic recording 

layer; and the like. 

[0003] The magnetic recording layer of the perpendicular 

magnetic recording medium formed of a granular magnetic 

material has been proposed, for the purpose of obtaining good 

magnetic properties. The granular magnetic material comprises 

magnetic crystal grains and a non-magnetic body segregated to 

surround the magnetic crystal grains. Respective magnetic 

crystal grains in the granular magnetic material are 

magnetically separated from each other with the non-magnetic 

body. 
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[0004] For the purpose of further increasing the recording 

density of the perpendicular magnetic recording medium, a need 

for reduction in the grain diameter of the magnetic crystal 

grains in the granular magnetic material arises in recent years. 

On the other hand, the reduction in the grain diameter of the 

magnetic crystal grains leads to a decrease in thermal 

stability of the recorded magnetization (signals). Thus, the 

magnetic crystal grains in the granular magnetic material need 

to be formed of a material with higher magnetocrystalline 

anisotropy, in order to compensate the decrease in thermal 

stability due to the reduction in the grain diameter of the 

magnetic crystal grains. As the material having the required 

higher magnetocrystalline anisotropy, Japanese Patent Laid-

Open No. 2004-178753 (PTL1) proposes various L10 ordered alloys. 

Typical L10 ordered alloys include FePt, CoPt, FePd, CoPd, and 

the like. 

[0005] It has been tried to improve the magnetic 

properties of the magnetic recording layer comprising the L10 

ordered alloy by a layer formed under the magnetic recording 

layer. For example, Japanese Patent Laid-Open No. 2011-165232 

(PTL2) proposes a magnetic recording medium in which the 

magnetic recording layer is formed on an interlayer comprising 

MgO as a principal component and one or more of additional 

oxides. In this proposal, reduction in the crystal grain 

diameter in the interlayer by addition of the additional oxides, 

and formation of one magnetic crystal grain in the magnetic 

recording layer onto one crystal grain in the interlayer 

(hereinafter, referred to as "one-to-one formation") allows 

facilitation of separation of the magnetic crystal grains, 

reduction in exchange coupling, and reduction in dispersion in 

2



coercive force. 

[0006] Japanese Patent Laid-Open No. 2011-146089 (PTL3) 

proposes a magnetic recording medium in which a seed layer 

consisting of amorphous ceramics such as SiO2, an orientation 

controlling layer consisting of a crystalline material such as 

MgO and MnAl2O4, and a magnetic layer comprising FePt alloy as 

a principal component are stacked in this order. In this 

proposal, the seed layer consisting of the amorphous ceramics 

is disposed to allow improvement in the crystalline orientation 

and miniaturization of the structure of the orientation 

controlling layer. Then, the magnetic layer having a large 

magnetic anisotropy constant Ku, excellent magnetic properties 

and excellent read/write characteristics can be obtained by 

suppressing disturbance in crystalline orientation of the FePt 

alloy in the magnetic layer and reducing the grain diameter of 

the magnetic crystal grains. 

[0007] Alternatively, it has been tried to improve the 

magnetic properties of the magnetic recording layer comprising 

the L10 ordered alloy by surface treatment of a layer formed 

under the magnetic recording layer. For example, Japanese 

Patent Laid-Open No. 2014-081980 (PTL4) proposes a method for 

producing a magnetic recording medium comprising the steps of: 

exposing the surface of an interlayer consisting of CrN having 

a NaCl-type crystalline structure to oxygen, and subsequently 

forming a magnetic recording layer onto the interlayer. In 

this proposal, reduction in the surface roughness of the CrN 

interlayer caused by the exposure to oxygen allows reduction 

in surface roughness of the magnetic recording layer and 

improvement of magnetic properties of the magnetic recording 

layer. 
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[0008] One of the factors, which should be considered when 

intending increase in the recording density of the magnetic 

recording layer, is a distance between the magnetic recording 

layer and a magnetic head. In general, the recording density 

can increase, as the distance between the magnetic recording 

layer and the magnetic head decreases. On the other hand, the 

distance between the magnetic recording layer and the magnetic 

head must be larger than the surface roughness of the magnetic 

recording medium. Increase in the surface roughness of the 

magnetic recording medium leads to adversely influence to the 

flying characteristics of the magnetic head, so that the 

read/write characteristics of the magnetic recording medium 

may deteriorate. In the case of the interlayer consisting of 

conventionally used MgO, it is necessary to raise the substrate 

temperature during formation of the interlayer to not less 

than 400°C for achieving the desired surface roughness. 

Therefore, there is a need for reducing the surface roughness 

of the magnetic recording medium, especially the surface 

roughness of the magnetic recording layer. 
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Summary of Invention 

Technical Problem 

[0011] Further improvement in properties has been desired, 

also in the magnetic recording medium having a stacked 

structure of a seed layer comprising MgO and a magnetic 

recording layer comprising an L10 ordered alloy. 

Solution to Problem 

[0012] The method for producing a magnetic recording 

medium according to one embodiment comprises the steps of: 

(1) preparing a substrate; (2) forming a seed layer comprising 

(Mg1-xTix)O onto the substrate; (3) plasma etching the seed 

layer in an atmosphere comprising inert gas; and (4) forming 

a magnetic recording layer comprising an ordered alloy onto 

the seed layer which has been subjected to the step (3), 

wherein x is 0 or more and 0.8 or less. In the step (3), an 

atmosphere comprising the inert gas and oxygen may be used. 

Also, in the step (3), an etching thickness of the seed layer 

is desirably 0.4 nm or more. Further, the ordered alloy may be 

an L10 ordered alloy. Besides, the step (1) may comprise the 

steps of: (1a) preparing a non-magnetic support; (1b) forming 

an interlayer comprising MgO; (1c) plasma etching the 

interlayer in an atmosphere comprising inert gas; and (1d) 

forming an intermediate layer onto the interlayer which has 

been subjected to the step (1c). Alternatively, the step (1) 

comprises the steps of: (1a') preparing a non-magnetic support; 

and (1e') forming an intermediate layer having a stacked 

structure of plural layers, wherein at least one of the plural 
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layers comprises granular material. 

Advantageous Effects of Invention 

[0013] By adopting the above-described constitution, it 

is possible to obtain a surface having good crystallinity by 

etching the surface of the seed layer comprising (Mg1-xTix)O. 

As a result, effects such as reduction in surface roughness of 

the magnetic recording layer formed on the seed layer, 

reduction in orientation dispersion of the ordered alloy in 

the magnetic recording layer, and improvement in magnetic 

properties such as a magnetic anisotropy constant are obtained. 

Brief Description of Drawings 

[0014] 

 [Fig. 1] Fig. 1 is a schematic cross-sectional view 

showing a magnetic recording medium obtained by the production 

method which is one embodiment of the present invention; 

 [Fig. 2A] Fig. 2A is a graphical representation showing 

a relationship between an etching thickness and orientation 

dispersion ∆θ50, for the magnetic recording media of Example 1, 

Example 2, and Comparative Example 1; 

 [Fig. 2B] Fig. 2B is a graphical representation showing 

a relationship between an etching thickness and coercive force 

in the in-plane direction Hc_in, for the magnetic recording 

media of Example 1, Example 2, and Comparative Example 1; 

 [Fig. 2C] Fig. 2C is a graphical representation showing 

a relationship between an etching thickness and integrated 

intensity of (001) peak of FePt in the magnetic recording layer, 

for the magnetic recording media of Example 1, Example 2, and 

Comparative Example 1; 

 [Fig. 2D] Fig. 2D is a graphical representation showing 

a relationship between an etching thickness and a magnetic 
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anisotropy constant Ku, for the magnetic recording media of 

Example 1, Example 2, and Comparative Example 1; 

 [Fig. 2E] Fig. 2E is a graphical representation showing 

a relationship between treatment time and an α value of the M-

H hysteresis loop, for the magnetic recording media of Example 

1, Example 2, and Comparative Example 1; 

 [Fig. 3A] Fig. 3A is a graphical representation showing 

a relationship between a flow rate of oxygen and coercive force 

in the in-plane direction Hc_in, for the magnetic recording 

media of Example 3; 

 [Fig. 3B] Fig. 3B is a graphical representation showing 

a relationship between a flow rate of oxygen and arithmetic 

average surface roughness Ra, for the magnetic recording media 

of Example 3; 

 [Fig. 3C] Fig. 3C is a graphical representation showing 

a relationship between a flow rate of oxygen and an α value of 

the M-H hysteresis loop, for the magnetic recording media of 

Example 3; 

 [Fig. 4A] Fig. 4A is a graphical representation showing 

a relationship between a flow rate of oxygen and coercive force 

in the in-plane direction Hc_in, for the magnetic recording 

media of Comparative Example 2 and Comparative Example 3; 

 [Fig. 4B] Fig. 4B is a graphical representation showing 

a relationship between a flow rate of oxygen and a magnetic 

anisotropy constant Ku, for the magnetic recording media of 

Comparative Example 2 and Comparative Example 3; 

 [Fig. 4C] Fig. 4C is a graphical representation showing 

a relationship between a flow rate of oxygen and integrated 

intensity of (001) peak of FePt in the magnetic recording layer, 

for the magnetic recording media of Comparative Example 2 and 
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Comparative Example 3; 

 [Fig. 4D] Fig. 4D is a graphical representation showing 

a relationship between a flow rate of oxygen and integrated 

intensity of (002) peak of FePt in the magnetic recording layer, 

for the magnetic recording media of Comparative Example 2 and 

Comparative Example 3; 

 [Fig. 5] Fig. 5 is a graphical representation for 

showing properties of the substrate of Referential Examples 1 

and 2, which shows a relationship between treatment time of 

the surface treatment of the interlayer and integrated 

intensity of (002) peak of Cr in the Cr intermediate layer; 

 [Fig. 6] Fig. 6 is a scanning electron micrograph of 

the cross-section of the magnetic recording medium obtained in 

Example 5; and 

 [Fig. 7] Fig. 7 is a scanning electron micrograph of 

the cross-section of the magnetic recording medium obtained in 

Comparative Example 5. 

Description of Embodiments 

[0015] A method for producing a magnetic recording medium 

according to one embodiment comprises the steps of: 

(1) preparing a substrate; (2) forming a seed layer comprising 

(Mg1-xTix)O onto the substrate; (3) plasma etching the seed 

layer in an atmosphere comprising inert gas; and (4) forming 

a magnetic recording layer comprising an ordered alloy onto 

the seed layer which has been subjected to the step (3), 

wherein x is 0 or more and 0.8 or less. Fig. 1 shows a 

constitutional example of the magnetic recording medium 

produced by this method. The magnetic recording medium shown 

in Fig. 1 has a structure that substrate 10, seed layer 20 and 

magnetic recording layer 30 are stacked in this order. Besides, 
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the substrate 10 has a structure that non-magnetic support 12, 

adhesive layer 14, interlayer 16, and intermediate layer 18 

are stacked in this order. 

[0016] The "substrate 10" prepared in the step (1) 

comprises the non-magnetic support 12. A stacked body in which 

layers known in the art such as the adhesive layer 14, a soft-

magnetic under layer, a heat sink layer, the interlayer 16, 

and the intermediate layer 18 on the non-magnetic support 12 

can be used as the "substrate 10" in the step (1). 

[0017] The non-magnetic support 12 may be various 

substrates having a flat surface. For example, the non-magnetic 

support 12 may be formed of a material commonly used in 

magnetic recording media. The useful material comprises a NiP-

plated Al alloy, monocrystalline MgO, MgAl2O4, SrTiO3, tempered 

glass, crystallized glass, and the like. 

[0018] The adhesive layer 14, which may be formed 

optionally, is used for enhancing the adhesion between the 

layer formed on the adhesive layer 14 and the layer formed 

under the adhesive layer 14. The layer formed under the 

adhesive layer 14 includes the non-magnetic support 12. The 

material for forming the adhesive layer 14 comprises a metal 

such as Ni, W, Ta, Cr or Ru, or an alloy containing the above-

described metals. The adhesive layer 14 may be a single layer 

or have a stacked structure with plural layers. 

[0019] The soft-magnetic under layer (not shown), which 

may be formed optionally, controls the magnetic flux emitted 

from a magnetic head to improve the read-write characteristics 

of the magnetic recording medium. The material for forming the 

soft-magnetic under layer includes: a crystalline material 

such as an NiFe alloy, a sendust (FeSiAl) alloy, or a CoFe 
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alloy; a microcrystalline material such as FeTaC, CoFeNi or 

CoNiP; and an amorphous material including a Co alloy such as 

CoZrNb or CoTaZr. The optimum thickness of the soft-magnetic 

under layer depends on the structure and characteristics of 

the magnetic head used in magnetic recording. When forming the 

soft-magnetic under layer continuously with other layers, the 

soft-magnetic under layer preferably has a thickness in a range 

from 10 nm to 500 nm (both inclusive), in view of productivity. 

[0020] A heat sink layer (not shown) may be provided when 

the magnetic recording medium for a heat-assisted magnetic 

recording system is formed by the method of this embodiment. 

The heat sink layer is a layer for effectively absorbing excess 

heat of the magnetic recording layer 30 that is generated 

during the heat-assisted magnetic recording. The heat sink 

layer can be formed of a material having a high thermal 

conductivity and a high specific heat capacity. Such material 

includes a Cu simple substance, an Ag simple substance, an Au 

simple substance, or an alloy material composed mainly of these 

substances. As used herein, the expression "composed mainly 

of" means that the content of the concerned material is 50% by 

weight or more. In consideration of its strength or the like, 

the heat sink layer can be formed of an Al-Si alloy, a Cu-B 

alloy, or the like. The function of the soft-magnetic under 

layer, that is, the function of concentrating a perpendicular 

magnetic field generated by the head to the magnetic recording 

layer 30, can be imparted to the heat sink layer by forming 

the heat sink layer of a sendust (FeSiAl) alloy, a soft-

magnetic CoFe alloy, or the like. The optimum thickness of the 

heat sink layer depends on the amount and distribution of heat 

generated during the heat-assisted magnetic recording, as well 
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as the layer configuration of the magnetic recording medium 

and the thickness of each constituent layer. When forming the 

heat sink layer continuously with other constituent layers, 

the heat sink layer preferably has a thickness of 10 nm or 

more and 100 nm or less, in view of productivity. The heat 

sink layer can be formed by any process known in the art, such 

as a sputtering method or a vacuum deposition method. As used 

herein, the term "sputtering method" encompasses any technique 

known in the art such as a DC magnetron sputtering method, and 

an RF magnetron sputtering method. In general cases, the heat 

sink layer is formed by the sputtering method. The heat sink 

layer can be formed just under the adhesive layer 14, just 

under the soft-magnetic under layer, or just under the 

interlayer 16, or the like, in consideration of properties 

required for the magnetic recording medium. 

[0021] The interlayer 16 is a layer for blocking influence 

of the crystalline structure of the underlying layer on 

crystalline orientation, a size of magnetic crystal grains and 

the like of the magnetic recording layer 30. Further, if the 

soft-magnetic under layer is disposed, it is required that the 

interlayer 16 is non-magnetic in order to suppress magnetic 

influence on the soft-magnetic under layer. The material for 

forming the interlayer 16 includes an oxide such as MgO and 

SrTiO3, a nitride such as TiN, a metal such as Cr and Ta, an 

Ni-W alloy, and a Cr-based alloy such as CrTi, CrZr, CrTa, and 

CrW. 

[0022] The intermediate layer 18 is a layer disposed for 

improving the crystalline orientation of the magnetic 

recording layer 30, and improving the size of magnetic crystal 

grains in the magnetic recording layer 30. The intermediate 
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layer 18 may have a function to take over the crystalline 

structure of the layer formed under the intermediate layer 18 

and to reflect such structure to the magnetic recording layer 

30. If the soft-magnetic under layer is disposed, the 

intermediate layer 18 may have a function to suppress magnetic 

influence of the soft-magnetic under layer to the magnetic 

recording layer 30. The intermediate layer 18 is preferably 

non-magnetic. The material for forming the intermediate layer 

18 comprises a metal such as Cr, Ru, Pt and Ta, an NiW alloy, 

ZnO, and a Cr-based alloy such as CrTi, CrZr, CrTa, and CrW. 

Alternatively, the intermediate layer 18 may be formed of a 

granular material such as Pt-TiO2 and Ru-TiO2. The intermediate 

layer 18 may be a single layer or have a stacked structure 

with plural layers. In the intermediate layer 18 having the 

stacked structure with plural layers, at least one layer may 

be formed of the granular material. 

[0023] The adhesive layer 14, the soft-magnetic under 

layer, the heat sink layer, the interlayer 16 and the 

intermediate layer 18, which are formed on the non-magnetic 

support 12, can be formed by any process known in the art, 

such as a sputtering method. In the case where the adhesive 

layer 14, the soft-magnetic under layer, the heat sink layer, 

the interlayer 16 or the intermediate layer 18 has the stacked 

structure with plural layers, the sub-steps for forming the 

respective layers can be carried out by any process known in 

the art, such as a sputtering method. 

[0024] In this embodiment, in the case where the substrate 

10 comprising the interlayer 16 consisting of MgO, similar 

etching process to the step (3) described below may be applied 

to the interlayer 16. However, it is desirable to obtain an 
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etching thickness of 0.2 nm or more and residual thickness of 

MgO after the plasma etching of 0.6 nm or more, since the 

thickness of the interlayer 16 is generally smaller than the 

thickness of the seed layer 20. The plasma etching treatment 

of the interlayer 16 consisting of MgO allows improvement in 

the crystallinity of the intermediate layer 18 formed on the 

interlayer 16. It is considered that the improvement in 

crystallinity of the intermediate layer 18 can improve 

properties of the seed layer 20 and the magnetic recording 

layer 30 which are formed above the intermediate layer 18. In 

this variation, the step (1) may comprise the steps of: (1a) 

preparing the non-magnetic support 12; (1b) forming the 

interlayer 16 comprising MgO; (1c) plasma etching the 

interlayer 16 in an atmosphere comprising inert gas; and (1d) 

forming the intermediate layer 18 onto the interlayer 16 which 

has been subjected to the step (1c). In addition, the step (1) 

may further comprise a step of forming the adhesive layer 14 

between the steps (1a) and (1b). 

[0025] This embodiment includes a variation using the 

substrate 10 comprising the intermediate layer 18 having the 

stacked structure with plural layers, wherein at least one 

layer constituting the intermediate layer 18 comprises a 

granular material. In this variation, the step (1) may comprise 

the steps of: (1a') preparing the non-magnetic support 12; and 

(1e') forming the intermediate layer 18 having a stacked 

structure of plural layers, wherein at least one of the plural 

layers comprises granular material. In addition, the step (1) 

may further comprise a step of (1b') forming the interlayer 16 

between the steps (1a') and (1e'). Alternatively, the step (1) 

may further comprise a step of forming the adhesive layer 14 
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between the steps (1a') and (1e'). Here, if the step (1b') is 

present, it is desirable to carry out the step of forming the 

adhesive layer 14 between the steps (1a') and (1b'). 

[0026] In the step (2), the seed layer 20 is formed by 

depositing a material comprising (Mg1-xTix)O (wherein x is 0 or 

more and 0.8 or less) onto the substrate 10. The function of 

the seed layer 20 is to control the particle diameter and 

crystalline orientation of the magnetic crystal grains in the 

magnetic recording layer 30 which is an upper layer. The seed 

layer 20 may have a function to ensure adhesion between the 

layer positioned under the seed layer 20 and the magnetic 

recording layer 30. 

[0027] In this embodiment, (Mg1-xTix)O constituting the 

seed layer 20 may have stoichiometric composition (that is, 

Mg+Ti:O=1:1) or non-stoichiometric composition. The 

compositional ratio of Mg, Ti, and O can be determined by 

Rutherford backscattering spectrometry (RBS). The material 

"(Mg1-xTix)O" in the seed layer 20 of this embodiment includes 

a series of compounds having a peak in a range of 2θ from 42.0° 

to 44.0°, in the XRD profile obtained by θ-2θ measurement in 

a perpendicular-to-plane direction. 

[0028] Further, the seed layer 20 has a thickness of 1 nm 

or more and 50 nm or less, preferably 2 nm or more and 10 nm 

or less. The thickness within this range makes it possible to 

obtain the seed layer 20 having a surface with superior 

crystallinity after carrying out the step (3). Further, the 

variable x in the chemical formula of (Mg1-xTix)O is preferably 

in a range of 0.2 or more and 0.8 or less. The material (Mg1-

xTix)O having the variable x within the above-described range 

reduces electric resistance of the target to allow adoption of 
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a DC sputtering method. Adoption of the DC sputtering method 

is advantageous in improving mass productivity. 

[0029] The seed layer can be formed by any process known 

in the art, such as a sputtering method. 

[0030] In the step (3), the (Mg1-xTix)O seed layer 20 is 

plasma etched in an atmosphere comprising inert gas. The 

"atmosphere comprising inert gas" in this step may be an 

atmosphere consisting of the inert gas, or an atmosphere 

comprising the inert gas and O2. The inert gas in this 

embodiment comprises one or more elements selected from the 

group consisting of helium (He), neon (Ne), argon (Ar), krypton 

(Kr), xenon (Xe), and radon (Rn). Preferably, the inert gas in 

this embodiment is Ar. In the case using the atmosphere 

comprising the inert gas and O2, the mole fraction of O2 may 

be in a range of 0.06 to 0.4. Further, it is preferable to 

carry out the step (3) under a pressure in a range of 0.01 Pa 

to 10 Pa. 

[0031] Plasma etching may be carried out in an exclusive 

apparatus for etching after transferring the stacked body 

comprising the substrate and the (Mg1-xTix)O seed layer 20 to 

the exclusive apparatus. Alternatively, plasma etching may be 

carried out in a sputtering apparatus in which additional 

electrodes for plasma generation are attached to a substrate 

holder, by applying AC (alternating current) power to the 

additional electrodes after formation of the seed layer 20 

(so-called "reverse sputtering"). 

[0032] It is preferable to set an etching thickness of 

the (Mg1-xTix)O seed layer 20 in plasma etching in the step (3) 

within a range of 0.2 nm or more, preferably 0.4 nm or more, 

and to set the residual thickness of the (Mg1-xTix)O seed layer 
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20 after plasma etching within a range of 0.6 nm or more. The 

(Mg1-xTix)O seed layer 20 having a surface with good 

crystallinity is obtained by etching within the above-

described range, and the magnetic properties of the magnetic 

recording layer 30 which will be formed later will be improved. 

The obtainable effects of improvement of the magnetic 

properties include reduction in orientation dispersion ∆θ50, 

reduction in coercive force in the in-plane direction Hc_in, 

increase of the (001) peak of an L10 ordered alloy, increase 

in magnetic anisotropy constant Ku, and increase in the α value 

of an M-H hysteresis loop. The effect of the (Mg1-xTix)O seed 

layer 20, that is, control of the particle diameter and 

crystalline orientation of magnetic crystal grains in the 

magnetic recording layer 30, can be fully exerted by carrying 

out etching within the above-described range. 

[0033] In the step (4), the magnetic recording layer 30 

comprising an ordered alloy is formed onto the seed layer 20. 

The ordered alloy in this embodiment may be an alloy comprising 

at least one element selected from the group consisting of Fe 

and Co, and at least one element selected from the group 

consisting of Pt, Pd, Au and Ir. The preferable ordered alloy 

is an L10 ordered alloy selected from the group consisting of 

FePt, CoPt, FePd, and CoPd. The more preferable ordered alloy 

is the FePt alloy having the L10 ordered structure. The ordered 

alloy may further comprise at least one element selected from 

the group consisting of Ni, Mn, Cu, Ru, Ag, Au, and Cr. 

[0034] Alternatively, the magnetic recording layer 30 may 

have a granular structure comprising magnetic crystal grains 

and a non-magnetic crystal grain boundary surrounding the 

magnetic crystal grains. The magnetic crystal grains may 
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comprise the above-described ordered alloy. The non-magnetic 

crystal grain boundary may comprise at least one material 

selected from the group consisting of an oxide such as SiO2, 

TiO2 and ZnO, a nitride such as SiN and TiN, carbon (C), and 

boron (B). For example, the non-magnetic crystal grain boundary 

may comprise a mixture of carbon (C) and boron (B). 

[0035] Alternatively, the magnetic recording layer 30 may 

consist of a plurality of magnetic layers. Each of the 

plurality of magnetic layers may have either of a non-granular 

structure or the granular structure. Further, the magnetic 

recording layer 30 may have an exchange-coupled composite (ECC) 

structure in which a coupling layer such as Ru is interposed 

between the magnetic layers. Further, a second magnetic layer 

may be disposed on the top of the magnetic layer having the 

granular structure, as a continuous layer not having the 

granular structure (CAP layer). 

[0036] The step (4) can be carried out by any method known 

in the art, such as a sputtering method. In the case of forming 

the magnetic recording layer 30 comprising the ordered alloy 

by the sputtering method, a target comprising material for 

constituting the ordered alloy can be used. More specifically, 

a target comprising the above-described elements constituting 

the ordered alloy at the predetermined ratio can be used. 

Alternatively, the magnetic recording layer 30 may be formed 

by using a plurality of targets comprising a single element, 

and adjusting electric power applied to the respective targets 

to control the ratio of the elements. In the case of forming 

the magnetic recording layer 30 having a granular structure, 

a target comprising a material for forming the magnetic crystal 

grains and a material for forming the non-magnetic crystal 
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grain boundary at the predetermined ratio can be used. 

Alternatively, the magnetic recording layer 30 may be formed 

by using a target comprising the material for forming the 

magnetic crystal grains and a target comprising the material 

for forming the non-magnetic crystal grain boundary, and 

adjusting electric power applied to the respective targets to 

control the constitutional ratio of the magnetic crystal grains 

and the non-magnetic crystal grain boundary. Here, in the case 

where the magnetic crystal grains are formed from the ordered 

alloy, a plurality of targets which separately comprise the 

elements constituting the ordered alloy may be used. 

[0037] In the case where the magnetic recording layer 30 

comprises the ordered alloy, heating of the substrate is 

involved during formation of the magnetic recording layer 30. 

The substrate temperature in this case is within a range from 

300°C to 450°C. Adoption of the substrate temperature within 

this range allows improvement in the order parameter of the 

ordered alloy in the magnetic recording layer 30. 

[0038] Optionally, a protective layer (not shown) may be 

formed on the magnetic recording layer 30. The protective layer 

can be formed of a material conventionally used in the field 

of magnetic recording media. Specifically, the protective 

layer can be formed of non-magnetic metal such as Pt and Ta, 

a carbon-based material such as diamond-like carbon, or 

silicon-based material such as silicon nitride. The protective 

layer may be a single layer or have a stacked structure. The 

stacked structure of the protective layer may be a stacked 

structure of two types of carbon-based material having 

different characteristics from each other, a stacked structure 

of a metal and a carbon-based material, a stacked structure of 
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two types of metals having different characteristics from each 

other, or a stacked structure of a metallic oxide film and a 

carbon-based material, for example. The protective layer can 

be formed by any process known in the art such as a sputtering 

method or a vacuum deposition method. 

[0039] Further, a liquid lubricant layer (not shown) may 

be optionally formed onto the protective layer. The liquid 

lubricant layer can be formed of a material conventionally 

used in the field of magnetic recording media 

(perfluoropolyether-based lubricants or the like, for example). 

The liquid lubricant layer can be formed by a coating method 

such as a dip-coating method or a spin-coating method. 

[Examples] 

[0040] (Example 1) 

 < Step (1) > 

 A chemically strengthened glass substrate having a 

smooth surface (N-10 glass substrate manufactured by HOYA 

CORPORATION) was washed to prepare non-magnetic support 12. 

The washed non-magnetic support 12 was brought into a 

sputtering device to form substrate 10. Hereinafter, 

intermediate in the course of formation of the substrate 10 is 

referred to as a substrate to be deposited. Then, Ta adhesive 

layer 14 having a thickness of 5 nm was formed by a DC magnetron 

sputtering method using a Ta target disposed 180 mm apart from 

the substrate to be deposited in Ar gas at a pressure of 0.2 

Pa. The electric power applied to the target was 200 W. 

[0041] Next, an MgO interlayer 16 having a thickness of 1 

nm was formed by an RF magnetron sputtering method using an 

MgO target disposed 180 mm apart from the substrate to be 

deposited in Ar gas at a pressure of 0.2 Pa. The electric power 
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applied to the target was 200 W. 

[0042] Next, Cr intermediate layer 18 having a thickness 

of 20 nm was formed by an RF magnetron sputtering method using 

a Cr target disposed 180 mm apart from the substrate to be 

deposited in Ar gas at a pressure of 0.2 Pa, to obtain substrate 

10. The electric power applied to the target was 600 W. 

[0043] <Step (2) > 

 Next, onto the substrate 10, MgO seed layer 20 having a 

thickness of 10 nm was formed by an RF magnetron sputtering 

method using an MgO target disposed 240 mm apart from the 

substrate 10 in Ar gas at a pressure of 0.18 Pa. The electric 

power applied to the target was 500 W. Here, the temperature 

of the substrate 10 was set to 450°C. 

[0044] < Step (3) > 

 Next, the MgO seed layer 20 was subjected to plasma 

etching treatment in Ar gas. Here, the flow rate of the Ar gas 

was set to 30 sccm, and the pressure was kept to 0.1 Pa. The 

period of the plasma etching treatment was varied in a range 

from 30 seconds to 400 seconds. Besides, the RF power applied 

for plasma generation was 50 W. 

[0045] < Step (4) > 

 Next, the stacked body in which the seed layer 20 had 

been subjected to the etching treatment was heated to a 

temperature of 350°C, and FePt magnetic recording layer 30 

having a thickness of 10 nm was formed by an RF magnetron 

sputtering method using an FePt target disposed 240 mm apart 

from the substrate to be deposited, in Ar gas at a pressure of 

0.18 Pa. The electric power applied to the FePt target was 300 

W. 

[0046] < Additional Step > 
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 Subsequently, a protective layer (not shown) was formed 

by an RF magnetron sputtering method in Ar gas at a pressure 

of 0.18 Pa using a Pt target and a Ta target both of which 

were disposed 320 mm apart from the substrate to be deposited, 

to obtain a magnetic recording medium, wherein the protective 

layer was a stacked body of a Pt film having a thickness of 5 

nm and a Ta film having a thickness of 5 nm. The substrate 

temperature during formation of the protective layer was room 

temperature (25°C). The Pt target and the Ta target were 

disposed 320 mm apart from the substrate to be deposited. The 

sputtering power during formation of the Pt film was 100 W, 

and the sputtering power during formation of the Ta film was 

200 W. 

[0047] (Example 2) 

 A magnetic recording medium was obtained by repeating 

the procedure of Example 1, except that the step (3) was 

carried out in an atmosphere comprising Ar and O2. The flow 

rate of O2 in the step (3) was 5 sccm, and the pressure was 

kept at 0.14 Pa. 

[0048] (Comparative Example 1) 

 A magnetic recording medium was obtained by repeating 

the procedure of Example 1, except that the step (3) was not 

carried out. 

[0049] (Example 3) 

 A magnetic recording medium was obtained by repeating 

the procedure of Example 2, except that the step (3) was 

carried out in an atmosphere comprising Ar and O2, the 

treatment time was fixed to 180 seconds, and the flow rate of 

O2 was varied in a range from 2 to 20 sccm. 

[0050] (Comparative Example 2) 
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 A magnetic recording medium was obtained by repeating 

the procedure of Example 3, except that: an MnCr2O4 target was 

used instead of the MgO target and the temperature of the 

substrate 10 was changed to 400°C, to form an MnCr2O4 seed 

layer having a thickness of 10 nm in the step (2); and the 

flow rate of O2 was varied in a range from 2 to 30 sccm, in 

the step (3). 

[0051] (Comparative Example 3) 

 A magnetic recording medium was obtained by repeating 

the procedure of Comparative Example 2, except that the step 

(3) was not carried out. 

[0052] (Example 4) 

 Two magnetic recording media were obtained by repeating 

the procedure of Example 1, except that: an Mg0.5Ti0.5O seed 

layer was formed by using an Mg0.5Ti0.5O target instead of the 

MgO target in the step (2); and the treatment time of the step 

(3) was set to 300 seconds. 

[0053] (Comparative Example 4) 

 A magnetic recording medium was obtained by repeating 

the procedure of Comparative Example 4, except that the step 

(3) was not carried out. 

[0054] (Evaluation 1) 

 The profile of Mg in the depth direction was measured by 

ESCA to determine the thickness of the MgO seed layer 20, for 

the sample after completion of the step (2) of Example 1, the 

sample to which plasma etching was carried out in the Ar gas 

for 1000 seconds in the step (3) of Example 1. And a sample to 

which plasma etching was carried out in the mixed gas of Ar 

and O2 for 1000 seconds in the step (3) of Example 2. As a 

result, the etching rate was found to be 0.004 nm/second, in 
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both of plasma etching in the Ar gas in Example 1, and plasma 

etching in the mixed gas of Ar and O2 in Example 2. 

[0055] The following evaluation was carried out for the 

magnetic recording medium obtained in each of Examples and 

Comparative Examples. A magnetization curve was measured by a 

vibrating sample magnetometer (VSM) to obtain coercive force 

in the in-plane direction Hc_in. Integrated intensities of the 

(001) and (002) peaks of FePt caused by FePt in the FePt 

magnetic recording layer 30 were measured by X-ray diffraction 

(XRD). Next, the (002) peak of FePt was analyzed by a rocking 

curve method to obtain crystalline orientation dispersion ∆θ50 

of the FePt magnetic recording layer 30. 

[0056] The M-H hysteresis loop in the perpendicular 

direction of the resultant magnetic recording medium was 

measured with a PPMS apparatus (Physical Property Measurement 

System, manufactured by Quantum Design, Inc.). An α value of 

the hysteresis loop in the perpendicular direction was 

determined from the resultant M-H hysteresis loop. The "α value 

of the hysteresis loop" means a slope of the magnetization 

curve in the vicinity of the coercive force (H = Hc), and 

calculated by the equation of α = 4π x (dM/dH). When 

determining the α value, a unit "emu/cm3" is used as the unit 

of M, and a unit "Oe" is used as the unit of H. Further, the 

magnetic anisotropy constant Ku was determined by evaluating 

the dependence of spontaneous magnetization on the angle at 

which the magnetic field is applied, by means of the PPMS 

apparatus. The methods described in the publications: R. F. 

Penoyer, "Automatic Torque Balance for Magnetic Anisotropy 

Measurement", The Review of Scientific Instruments, August 

1959, Vol. 30, No. 8, pp. 711-714 (NPL1); and Soshin Chikazumi, 
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"Physics of ferromagnetism Vol. II", Shokabo Co., Ltd., pp. 

10-21 (NPL2) were used in determination of the magnetic 

anisotropy constant Ku. 

[0057] Further, an area of 1 µm by 1 µm of the magnetic 

recording medium was observed with an atomic force microscope 

(AFM) to obtain an arithmetic average surface roughness Ra of 

the area. In these Examples and Comparative Examples, randomly 

selected two distinct areas were measured, and to adopt their 

average as the arithmetic average surface roughness Ra of the 

magnetic recording medium. 

[0058] Table 1 shows properties of the magnetic recording 

media of Example 1, Example 2, and Comparative Example 1. 

Besides, Fig. 2A is a graphical representation showing a 

relationship between the etching thickness and the orientation 

dispersion ∆θ50, Fig. 2B is a graphical representation showing 

a relationship between the etching thickness and the coercive 

force in the in-plane direction Hc_in, Fig. 2C is a graphical 

representation showing a relationship between the etching 

thickness and the integrated intensity of (001) peak of FePt 

in the magnetic recording layer, Fig. 2D is a graphical 

representation showing a relationship between the etching 

thickness and the magnetic anisotropy constant Ku, and Fig. 2E 

is a graphical representation showing a relationship between 

the treatment time and the α value of the M-H hysteresis loop. 

[0059] It is understood from Table 1 and Figs. 2A-2E that 

the properties of the magnetic recording medium are improved 

in a region where the etching thickness is 0.2 nm or more, 

especially in an area of the etching thickness of 0.4 nm or 

more. Specifically, the following matters are observed, for 

the magnetic recording layer 30: reduction in the orientation 
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dispersion ∆θ50; reduction in the coercive force in the in-

plane direction Hc_in; increase in the integrated intensity of 

the FePt (001) peak in the XRD analysis; increase in the 

magnetic anisotropy constant Ku; and increase in the α value 

of the M-H hysteresis loop. It is understood that, for ∆θ50, 

Hc_in, the integrated intensity of the FePt (001) peak, and 

Ku, similar trends are obtained in Example 1 conducting plasma 

etching in the Ar atmosphere and in Example 2 conducting 

oxidative plasma etching in the atmosphere comprising Ar and 

O2. On the other hand, the α value of the M-H hysteresis loop 

further increases in Example 2 conducting oxidative plasma 

etching, even though the reason is unclear. 

[0060] [Table 1] 
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[0061] Table 2 shows properties of the magnetic recording 

media of Example 3. For comparison, Table 2 also shows 
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properties of the magnetic recording media which was subjected 

to plasma etching for 180 seconds in Comparative Example 1 and 

Example 1. Further, Fig. 3A is a graphical representation 

showing the relationship between the flow rate of oxygen and 

the coercive force in the in-plane direction Hc_in, Fig. 3B is 

a graphical representation showing the relationship between 

the flow rate of oxygen and the arithmetic average surface 

roughness Ra, and Fig. 3C is a graphical representation showing 

the relationship between the flow rate of oxygen and the α 

value of the M-H hysteresis loop. 

[0062] [Table 2] 
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[0063] As understood from Table 2, the integrated 

intensity of the FePt (001) peak, and Ku are not very 

influenced by the presence or absence of O2 during plasma 

etching, and the flow rate of O2 in a range of less than 10 
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sccm. On the contrary, as understood from Table 2 and Fig. 3A, 

Hc_in decreases as the flow rate of O2 during plasma etching 

increases. Further, it is understood from Table 2, Fig. 3B and 

Fig. 3C that the surface roughness Ra of the magnetic recording 

medium decreases in an area of the flow rate of O2 of less than 

10 sccm, but increases in an area of the flow rate of O2 of 10 

sccm or more. Further, the α value of M-H hysteresis loop 

increases in the area of the flow rate of O2 of less than 10 

sccm, but decreases in the area of the flow rate of O2 of 10 

sccm or more. In view of the above, it is understood that the 

use of O2 at the suitable flow rate during plasma etching of 

the step (3) is effective to improve some properties. On the 

other hand, it is understood that, when O2 is used at an 

excessive flow rate, no improvement in properties is achieved, 

rather some properties deteriorate. As understood from the 

above-described result, it is preferable to set molar fraction 

of O2 in a range of 0.06 or more and 0.4 or less, when the 

atmosphere comprising the inert gas and O2 is used. 

[0064] Table 3 shows properties of the magnetic recording 

media of Comparative Examples 2 and 3. Further, Fig. 4A is a 

graphical representation showing the relationship between the 

flow rate of oxygen and the coercive force in the in-plane 

direction Hc_in, Fig. 4B is a graphical representation showing 

the relationship between the flow rate of oxygen and the 

magnetic anisotropy constant Ku, Fig. 4C is a graphical 

representation showing the relationship between the flow rate 

of oxygen and the integrated intensity of the FePt (001) peak 

of the magnetic recording layer, and Fig. 4D is a graphical 

representation showing the relationship between the flow rate 

of oxygen and the integrated intensity of the FePt (002) peak 
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of the magnetic recording layer. 

[0065] [Table 3] 

 

[0066] As understood from Table 3 and Figs. 4A-D, no 

improvement in properties of the magnetic recording medium is 

achieved by plasma etching in the Ar gas or in the mixed gas 
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of Ar and O2, in the case where the MnCr2O4 seed layer is used. 

Specifically, it is understood from Table 3 and Fig. 4A that 

the coercive force in the in-plane direction Hc_in increases. 

Along with this result, the magnetic anisotropy constant Ku 

decreases, as shown in Table 3 and Fig. 4B. Further, it is 

understood from Table 3, Fig. 4C and Fig. 4D that both of the 

integrated intensities of the FePt (001) peak the FePt (002) 

peak decrease. 

[0067] Table 4 shows properties of the magnetic recording 

media of Example 4 and Comparative Example 4 which have the 

Mg0.5Ti0.5O seed layer 20. 

[0068] [Table 4] 
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[0069] As understood from Table 4, also in the magnetic 

recording medium having the Mg0.5Ti0.5O seed layer 20, the 

properties of the magnetic recording medium are improved by Ar 

32



plasma etching of the Mg0.5Ti0.5O seed layer 20. Specifically, 

in the magnetic recording medium of Example 4 subjected to 

plasma etching, reduction in the coercive force in the in-

plane direction Hc_in, increase in the integrated intensity of 

FePt (001) peak in the XRD analysis, increase in the magnetic 

anisotropy constant Ku, and increase in the α value of M-H 

hysteresis loop are observed, in comparison with Comparative 

Example 4 not subjected to plasma etching. 

[0070] (Referential Example 1) 

 A chemically strengthened glass substrate having a 

smooth surface (N-10 glass substrate manufactured by HOYA 

CORPORATION) was washed to prepare non-magnetic support 12. 

The washed non-magnetic support 12 was brought into a 

sputtering device. Then, Ta adhesive layer 14 having a 

thickness of 5 nm was formed by an RF magnetron sputtering 

method using a Ta target disposed 180 mm apart from the 

substrate to be deposited in Ar gas at a pressure of 0.2 Pa. 

The electric power applied to the target was 200 W. 

[0071] Next, an MgO interlayer 16 having a thickness of 1 

nm was formed by an RF magnetron sputtering method using an 

MgO target disposed 180 mm apart from the substrate to be 

deposited in Ar gas at a pressure of 0.2 Pa. The electric power 

applied to the target was 200 W. 

[0072] Next, the MgO interlayer 16 was subjected to plasma 

etching treatment in gas comprising Ar and O2. Here, the flow 

rates of the Ar gas and the O2 gas were set to 30 sccm and 5 

sccm, respectively, and the pressure was kept to 0.14 Pa. The 

period of the plasma etching treatment was varied in a range 

from 0 seconds to 400 seconds. Besides, the RF power applied 

for plasma generation was 50 W. Here, the period "0 seconds" 
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means that the plasma etching treatment was not carried out. 

[0073] Next, Cr intermediate layer 18 having a thickness 

of 20 nm was formed by an RF magnetron sputtering method using 

a Cr target disposed 180 mm apart from the substrate to be 

deposited in Ar gas at a pressure of 0.2 Pa, to obtain substrate 

10. The electric power applied to the target was 600 W. 

[0074] (Referential Example 2) 

 A substrate 10 was obtained by repeating the procedure 

of Referential Example 1, except that the thickness of the MgO 

interlayer 16 was changed to 2 nm. 

[0075] (Evaluation 2) 

 The etching rate in Referential Examples 1 and 2 was 

0.004 nm/second, since the plasma etching conditions are the 

same as those in Example 2. For the resultant substrate 10, 

the integrated intensity of (002) peak of Cr in the Cr 

intermediate layer 16 was measured by X-ray diffraction (XRD). 

The measured results are shown in Table 5 and Fig. 5. 

[0076] [Table 5] 
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[0077] It is understood from Table 5 and Fig. 5 that the 

crystallinity of the Cr intermediate layer 18, which is formed 

on the MgO interlayer 16, is improved by plasma etching the 

MgO interlayer 16 in the mixed gas comprising Ar and O2. Here, 

it is considered that reduction in the crystallinity of the Cr 

intermediate layer 18 in an area of the etching thickness of 

0.48 nm or more in Referential Example 1 is caused by too small 

thickness of the MgO interlayer 16 after the treatment to exert 

its function of controlling the crystallinity. 

[0078] (Example 5) 

 < Step (1) > 

 A chemically strengthened glass substrate having a 

smooth surface (N-10 glass substrate manufactured by HOYA 

CORPORATION) was washed to prepare non-magnetic support 12. 

The washed non-magnetic support 12 was brought into a 

sputtering device to form substrate 10. Hereinafter, 

intermediate in the course of formation of the substrate 10 is 
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referred to as a substrate to be deposited. Then, a CrTi film 

having a thickness of 15 nm was formed by a DC magnetron 

sputtering method using a Cr50Ti50 target in Ar gas at a pressure 

of 0.3 Pa. Next, an RuCr film having a thickness of 5 nm was 

formed by a DC magnetron sputtering method using a Ru70Cr30 

target in Ar gas at a pressure of 0.3 Pa, to form interlayer 

16 having a stacked structure of the CrTi film and the RuCr 

film. The temperature of the substrate to be deposited during 

formation of the CrTi film and the RuCr film was room 

temperature (25°C). 

[0079] Next, an Ru film having a thickness of 5.9 nm was 

formed by a DC magnetron sputtering method using an Ru target 

in Ar gas at a pressure of 0.3 Pa. Then, an Ru-TiO2 film having 

a thickness of 0.65 nm was formed by a DC magnetron sputtering 

method using an Ru-24 vol.% TiO2 target in Ar gas at a pressure 

of 0.3 Pa. Next, a Pt-TiO2 film having a thickness of 8 nm was 

formed by a DC magnetron sputtering method using a Pt-24 vol.% 

TiO2 target in Ar gas at a pressure of 0.3 Pa. Subsequently, a 

ZnO film having a thickness of 2 nm was formed by an RF 

magnetron sputtering method using a ZnO target in Ar gas at a 

pressure of 0.3 Pa. As a result, substrate 10 having 

intermediate layer 18 was obtained, the intermediate layer 18 

having the stacked structure of the Ru film, Ru-TiO2 film, Pt-

TiO2 film and ZnO film. The temperature of the substrate to be 

deposited during formation of the Ru film, Ru-TiO2 film, Pt-

TiO2 film and ZnO film was room temperature (25°C). 

[0080] <Step (2)> 

 Next, onto the substrate 10, MgO seed layer 20 having a 

thickness of 5 nm was formed by an RF magnetron sputtering 

method using an MgO target in Ar gas at a pressure of 0.18 Pa. 
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The electric power applied to the target was 500 W. Here, the 

temperature of the substrate 10 was set to 450°C. 

[0081] < Step (3) > 

 Next, the MgO seed layer 20 was subjected to plasma 

etching treatment in the mixed gas of Ar and O2. Here, the flow 

rate of the Ar gas was set to 30 sccm, the flow rate of the O2 

gas was set to 5 sccm, and the pressure was kept to 0.14 Pa. 

The period of the plasma etching treatment was set to 180 

seconds. Besides, the RF power applied for plasma generation 

was 50 W. 

[0082] < Step (4) > 

 Next, the stacked body in which the seed layer 20 had 

been subjected to the etching treatment was heated to a 

temperature of 450°C, and FePt-C magnetic recording layer 30 

having a thickness of 4 nm was formed by an RF magnetron 

sputtering method using an FePt-30 vol% C target in Ar gas at 

a pressure of 0.9 Pa. The electric power applied to the FePt-

30 vol% C target was 300 W. 

[0083] < Additional Step > 

 Subsequently, a protective layer (not shown), which was 

a stacked body of a Pt film having a thickness of 5 nm and a 

Ta film having a thickness of 5 nm, was formed by an RF 

magnetron sputtering method using a Pt target and a Ta target 

in Ar gas at a pressure of 0.18 Pa, to obtain a magnetic 

recording medium. The substrate temperature during formation 

of the protective layer was room temperature (25°C). The 

sputtering power during formation of the Pt film was 100 W, 

and the sputtering power during formation of the Ta film was 

200 W. 

[0084] (Comparative Example 5) 
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 A magnetic recording medium was obtained by repeating 

the procedure of Example 5, except that the step (3) was not 

carried out. 

[0085] (Evaluation 3) 

 The cross-section of the magnetic recording medium 

obtained in Example 5 and the cross-section of the magnetic 

recording medium obtained in Comparative Example 5 were 

observed by a transmission electron microscope (TEM). Fig. 6 

shows a TEM photograph of the cross-section of the magnetic 

recording medium obtained in Example 5, and Fig. 7 shows a TEM 

photograph of the cross-section of the magnetic recording 

medium obtained in Comparative Example 5. Besides, Figs. 6 and 

7 also show the designed layer constitutions. 

[0086] As understood from Figs. 6 and 7, in the Ru film, 

Ru-TiO2 film, and Pt-TiO2 film constituting the intermediate 

layer, the crystal grain boundaries of the respective films 

are continuous in the thickness direction. In other words, the 

Ru crystal grain in the Ru-TiO2 film is grown on the Ru crystal 

grain in the Ru film in a columnar and one-to-one manner. Also, 

the Pt crystal grain in the Pt-TiO2 film is grown on the Ru 

crystal grain in the Ru-TiO2 film in a columnar and one-to-one 

manner. 

[0087] On the other hand, as understood from Fig. 7, in 

the magnetic recording medium of Comparative Example 5 in which 

plasma etching of the MgO seed layer 20 in the step (3) has 

not been carried out, the Pt crystal grain boundary in the Pt-

TiO2 film constituting the intermediate layer 18 does not 

coincide with the FePt magnetic crystal grain boundary in the 

FePt-C magnetic recording layer 30, in the thickness direction. 

That is, the FePt magnetic crystal grain in the FePt-C magnetic 
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recording layer 30 is not formed over the Pt crystal grain in 

the Pt-TiO2 film in the one-to-one manner. 

[0088] On the contrary, as understood from Fig. 6, in the 

magnetic recording medium of Example 5 in which plasma etching 

of the MgO seed layer 20 in the step (3) has been carried out, 

the Pt crystal grain boundary in the Pt-TiO2 film constituting 

the intermediate layer 18 coincides with the FePt magnetic 

crystal grain boundary in the FePt-C magnetic recording layer 

30, in the thickness direction. That is, the FePt magnetic 

crystal grain in the FePt-C magnetic recording layer 30 is 

formed over the Pt crystal grain in the Pt-TiO2 film in the 

one-to-one manner. 

[0089] It becomes apparent from the above results that 

plasma etching of the surface of the MgO seed layer 20 in the 

step (3) allows excellent separation of the FePt crystal grains 

in the FePt-C magnetic recording layer 30, by one-to-one growth 

which reflect the excellent crystal grain structure of the Ru 

film which is the bottom layer of the intermediate layer 18. 

 

Reference Signs List 

[0090] 

 10 Substrate 

 12 Non-magnetic support 

 14 Adhesive layer 

 16 Interlayer 

 18 Intermediate layer 

 20 Seed layer 

 30 Magnetic recording layer 
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CLAIMS 

 

[Claim 1] A method for producing a magnetic recording medium 

comprising the steps of: 

(1) preparing a substrate; 

(2) forming a seed layer comprising (Mg1-xTix)O 

onto the substrate; 

(3) plasma etching the seed layer in the 

atmosphere comprising an inert gas; and 

(4) forming a magnetic recording layer 

comprising an ordered alloy onto the seed layer which 

has been subjected to the step (3), 

wherein x is 0 or more and 0.8 or less. 

 

[Claim 2] The method for producing the magnetic recording 

medium according to Claim 1, wherein an atmosphere comprising 

the inert gas and oxygen is used in the step (3). 

 

[Claim 3] The method for producing the magnetic recording 

medium according to Claim 1, wherein an etching thickness of 

the seed layer in the step (3) is 0.4 nm or more. 

 

[Claim 4] The method for producing the magnetic recording 

medium according to Claim 1, wherein the ordered alloy is an 

L10 ordered alloy. 

 

[Claim 5] The method for producing the magnetic recording 

medium according to Claim 1, wherein the step (1) comprises 

the steps of: 

(1a) preparing a non-magnetic support; 
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(1b) forming an interlayer comprising MgO; 

(1c) plasma etching the interlayer in an 

atmosphere comprising inert gas; and 

(1d) forming an intermediate layer onto the 

interlayer which has been subjected to the step (1c). 

 

[Claim 6] The method for producing the magnetic recording 

medium according to Claim 1, wherein the step (1) comprises 

the steps of: 

(1a') preparing a non-magnetic support; and 

(1e') forming an intermediate layer having a 

stacked structure of plural layers, 

 wherein at least one of the plural layers comprises 

granular material. 
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