
 DESCRIPTION 

MAGNETIC RECORDING MEDIUM 

Technical Field 

[0001] The present invention relates to a magnetic recording medium, and relates typically to 

a magnetic recording medium for use in a hard disk magnetic recording drive (HDD). 

 

Background Art 

[0002] A perpendicular magnetic recording system is employed as a technology for realizing 

a high density of magnetic recording. A perpendicular magnetic recording medium contains at 

least a non-magnetic substrate, and a magnetic recording layer formed from a hard magnetic 

material. 

[0003] For the purpose of obtaining good magnetic properties, it is proposed to form a 

magnetic recording layer of a perpendicular magnetic recording medium using a granular 

structure. A magnetic recording layer of a granular structure contains magnetic crystal grains 

and a non-magnetic grain boundary material segregating so as to surround the circumference 

of the magnetic crystal grain. Respective magnetic crystal grains in the magnetic recording 

layer of the granular structure are separated magnetically with the non-magnetic grain 

boundary material. 

[0004] Recently, for the purpose of further improving a recording density of a perpendicular 

magnetic recording medium, it is required to reduce grain diameters of magnetic crystal grains 

in a magnetic recording layer of a granular structure. Particularly in the case of HAMR (heat-

assisted magnetic recording) medium, there is a demand for reducing an average grain diameter 

and grain diameter dispersion by controlling a grain structure of a recording layer with an 

underlayer of Ru or the like, in the same way as existing perpendicular magnetic recording 

media. 

[0005] In Patent Literature 1, there is described a magnetic recording medium having a 

configuration that contains a substrate, a Ru-TiO2  layer, a ZnO layer, a MgO layer, and an FePt 

magnetic recording layer in this order. This aims at a good balance between a minute granular 

diameter and magnetic properties of the FePt magnetic recording layer composed of a granular 

structure is intended. 
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[0006] In Patent Literature 2, there is described a magnetic recording medium containing a 

substrate, a magnetic recording layer, and a TiN-X layer disposed between the substrate and 

the magnetic recording layer. This aims at improvement of orientation properties in epitaxial 

growth of the magnetic recording layer and control of granularity of the magnetic recording 

layer. 

 

Citation List 

Patent Literature 

[0007] 

 PTL 1: Japanese Patent Application 2016-003596 

 PTL 2: Japanese Patent Laid-Open No. 2015-530691 

Non Patent Literature 

[0008] 

 NPL 1: R. F. Penoyer, “Automatic Torque Balance for Magnetic Anisotropy 

Measurements,” The Review of Scientific Instruments, Vol. 30 No. 8, 711 - 714, August 1959 

 NPL 2: Chikazumi Soshin, “Physics of Ferromagnetism,” (Vol. 2) 10 - 21, Shokabo 

Co., Ltd. 

 

Summary of Invention 

Technical Problem 

[0009] In Patent Literature 1, although FePt grains can be made small, there was a problem 

that an FePt grain diameter became large compared to a grain diameter in a MgO layer. 

[0010] Moreover, in Patent Literature 2, segregation of a non-magnetic body, which was 

expected to surround the circumference of an FePt magnetic crystal grain was irregular. 

Therefore, there was a problem that many parts in which FePt magnetic grains were connected 

to cause insufficient magnetic separation between respective magnetic grains. 

[0011] One problem to be solved by the present invention is to provide a magnetic recording 

medium in which an average grain diameter and grain diameter dispersion are reduced. Another 

problem to be solved by the present invention is to provide a magnetic recording medium 
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having a magnetic property (magnetic anisotropy energy) applicable as a magnetic recording 

medium. 

 

Solution to Problem 

[0012] An example of means for solving the problem of the present invention is a magnetic 

recording medium, containing a substrate, a grain diameter control layer, a first seed layer, a 

second seed layer, and a magnetic recording layer containing an ordered alloy in this order, 

wherein the second seed layer is composed of crystal grains having TiN as a main component, 

and a grain boundary material having at least one or more selected from the group consisting 

of metal oxides and carbon as a main component. 

[0013] Here, it is preferable that, when the grain boundary material is a metal oxide and ΔG5 0 0  

is defined as a standard Gibbs energy of formation at 500°C, the grain boundary material is 

selected from materials such that ΔG5 0 0  of a nitride that is formed through a reaction between 

a metal element in the metal oxide and nitrogen is higher than ΔG5 0 0  of TiN. Alternatively, it 

is preferable that, when the grain boundary material is a metal oxide and ΔG5 0 0  is defined as 

a standard Gibbs energy of formation at 500°C, the grain boundary material is selected from 

materials such that ΔG5 0 0  of an oxide that is formed through a reaction between a metal 

element in the metal oxide and oxygen is lower than ΔG5 0 0  of TiO2 . 

[0014] Moreover, preferably the grain boundary material is at least one or more selected from 

the group consisting of Al2 O3 , MgO, CaO, Sc2 O3 , SrO and Y2 O3 . Alternatively, preferably 

the grain boundary material is formed from carbon. 

[0015] Moreover, preferably the grain boundary material is 5 volume % or more and less than 

50 volume % on the basis of the total amount of crystal grains having TiN as a main component 

and the grain boundary material. 

[0016] Here, preferably the second seed layer has a granular structure composed of crystal 

grains having TiN as a main component and the grain boundary material surrounding the crystal 

grain having TiN as a main component. 

[0017] Moreover, preferably the magnetic recording layer contains at least one of first element 

selected from the group consisting of Fe and Co, and at least one of second element selected 

from the group consisting of Pt, Pd, Au, Ir, Ru and Rh. 
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[0018] Furthermore, preferably the first seed layer contains a downside first seed layer and an 

upside first seed layer in this order. 

[0019] Furthermore, preferably the grain diameter control layer has a granular structure 

containing Ru crystal grains, and at least one selected from the group consisting of oxides, 

carbides and nitrides, surrounding the Ru crystal grain. 

[0020] Furthermore, a preferable state is that a non-magnetic intermediate layer is further 

contained between the grain diameter control layer and the first seed layer, and that the non-

magnetic intermediate layer has a granular structure containing Pt crystal grains, or Pt crystal 

grains and at least one selected from the group consisting of oxides, carbon, carbides and 

nitrides, surrounding the Pt crystal grain. 

[0021] Furthermore, preferably an orientation control layer formed from Ru or a Ru alloy is 

contained between the substrate and the grain diameter control layer. 

 

Advantageous Effects of Invention 

[0022] According to the present invention, it is possible to form a magnetic recording medium 

in which an average grain diameter and grain diameter dispersion are reduced. Moreover, it is 

possible to form a magnetic recording medium having a large magnetic anisotropy energy. 

 

Brief Description of Drawings 

[0023] 

 Fig. 1 is an outline cross-sectional view showing one configuration example of the 

magnetic recording medium of the present invention; 

 Fig. 2 is an outline cross-sectional view showing a configuration example of the 

magnetic recording medium in Example 1; 

 Fig. 3 is a SEM photograph of sample number = 1-3 in Example 1; 

 Fig. 4 is a SEM photograph of sample number = 2-3 in Example 2; 

 Fig. 5 is a SEM photograph of sample number = 3 in Example 3; 

 Fig. 6 is a SEM photograph of sample number = 4 in Comparative Example 1; 

 Fig. 7 shows a comparison of average grain diameters between Example 1 and 

Comparative Examples 2, 3, 5; 

4



 Fig. 8 shows a comparison of grain diameter dispersions between Example 1 and 

Comparative Examples 2, 3, 5; 

 Fig. 9 shows a comparison of magnetic anisotropy constants between Example 1 and 

Comparative Examples 2, 3, 5; 

 Fig. 10 is a SEM photograph of sample number = 5 in Comparative Example 2; 

 Fig. 11 is a SEM photograph of sample number = 6-3 in Comparative Example 3; 

 Fig. 12 shows a comparison of average grain diameters between Example 2 and 

Comparative Examples 2, 4, 5; 

 Fig. 13 shows a comparison of grain diameter dispersions between Example 2 and 

Comparative Examples 2, 4, 5; 

 Fig. 14 shows a comparison of magnetic anisotropy constants between Example 2 and 

Comparative Examples 2, 4, 5; 

 Fig. 15 is a SEM photograph of sample number = 7-3 in Comparative Example 4; 

 Fig. 16 shows a comparison of average grain diameters between Example 1 and 

Comparative Examples 2, 6; 

 Fig. 17 shows a comparison of grain diameter dispersions between Example 1 and 

Comparative Examples 2, 6; 

 Fig. 18 shows a comparison of magnetic anisotropy constants between Example 1 and 

Comparative Examples 2, 6; 

 Fig. 19A shows a magnetization curve of sample number = 1-3 in Example 1; and 

 Fig. 19B shows a magnetization curve of sample number = 10-3 in Comparative 

Example 6. 

 

Description of Embodiments 

[0024] In Figs. 1, 2, there is shown an example of embodiments for practicing the present 

invention. 

[0025] Fig 1 shows one configuration example of a magnetic recording medium 10 containing 

in a following order a substrate 1, a grain diameter control layer 2, a first seed layer 3, a second 

seed layer 4, a magnetic recording layer 5 containing an ordered alloy, in which the second 

seed layer 4 is formed from crystal grains having TiN (titanium nitride) as a main component 
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and a grain boundary material. Meanwhile, in following explanations of the present application, 

the same reference sign is given to common configurations and explanation thereof is omitted. 

[0026] In the configuration of the present embodiment, there is the grain diameter control layer 

2 having a granular structure for introducing the granular structure of the magnetic recording 

layer 5. The granular structure of the grain diameter control layer 2 is preferably composed of 

crystal grains having a minute average grain diameter and a reduced grain diameter dispersion. 

The first seed layer 3 formed thereon is formed from crystal grains that are minute and have a 

reduced grain diameter dispersion, while taking over the grain structure of the grain diameter 

control layer 2. 

[0027] Here, a granular structure means a structure in which a grain boundary material exists 

so as to surround circumference relative to an individual crystal grain lying in a columnar shape. 

It is a state in which a granular crystal grain exists and a grain boundary material exists around 

the circumference thereof, in a film surface parallel to a substrate. Complete surrounding is 

preferable because isolation properties of the grain is enhanced. On the other hand, in a film 

surface perpendicular to the substrate, a state in which columnar crystal grains separated with 

the grain boundary material go through over the front and back surfaces of respective layers is 

preferable. The granular structure is formed by segregation of the grain boundary material at 

the grain boundary of crystal grains. 

[0028] Moreover, a grain diameter means a circle equivalent diameter of a granular crystal 

grain in a film surface parallel to a substrate. An average grain diameter means an average 

value of grain diameters. A grain diameter dispersion means a dispersion value of grain 

diameters. 

[0029] Next, on the first seed layer 3, the second seed layer 4 is formed. Consequently, 

corresponding to the grain boundary of the first seed layer 3 composed of crystal grains that 

are minute with a reduced grain diameter dispersion, the grain boundary material of the second 

seed layer 4 is segregated actively. Therefore, the second seed layer 4 takes over the grain 

structure of the first seed layer 3, and eventually of the grain diameter control layer 2. More 

preferably, there is given a granular structure composed of crystal grains composed of TiN that 

is minute with a reduced grain diameter dispersion, and a grain boundary material surrounding 

the circumference of the TiN crystal grain. 
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[0030] Furthermore, the second seed layer 4 is formed directly beneath the magnetic recording 

layer 5. Consequently, the magnetic recording layer 5, which has a good granular structure 

composed of crystal grains with a minute average grain diameter and a reduced grain diameter 

dispersion, can be formed. Magnetic crystal grains composed of an ordered alloy such as FePt 

have high wettability compared to the TiN crystal grain of the second seed layer 4. Furthermore, 

in the case of a grain boundary material of the second seed layer 4 containing an oxide or 

carbon and in the case of a non-magnetic body (grain boundary material) of the magnetic 

recording layer 5 containing an oxide or carbon, the non-magnetic body of the magnetic 

recording layer 5 has higher wettability compared to the grain boundary material of the second 

seed layer 4. The reason is that magnetic crystal grains are formed actively on TiN crystal 

grains of the second seed layer 4, and that the non-magnetic body (grain boundary materials) 

segregates actively on the grain boundary material of the second seed layer 4. Eventually, it 

becomes possible to form the magnetic recording layer 5 having a granular structure reflecting 

more the grain structure of the grain diameter control layer 2. In this way, it becomes possible 

to give a minute grain diameter and reduced grain diameter dispersion of magnetic crystal 

grains. Moreover, magnetic crystal grains are formed actively on TiN crystal grains of the 

second seed layer 4, and the non-magnetic body (grain boundary material) segregates actively 

on the grain boundary material of the second seed layer 4. Therefore, the magnetic recording 

layer 5 having a granular structure composed of magnetic crystal grains magnetically separated 

individually can be formed. Furthermore, magnetic crystal grains formed straddling the grain 

boundary of the second seed layer are reduced. Magnetic crystal grains formed straddling the 

grain boundary of the second seed layer have a crystallographic defect to reduce a magnetic 

anisotropy energy. In the present embodiment, magnetic crystal grains having such 

crystallographic defect are few and, therefore, an effect is exhibited for improving a magnetic 

anisotropy energy. 

[0031] The substrate 1 may be various substrates having a flat surface. For example, a material 

for use in a general magnetic recording medium may be used to form the substrate 1. Usable 

materials include NiP-plated Al alloys, MgO single crystal, MgAl2 O4 , SrTiO3 , reinforced 

glass, crystallized glass and the like. 
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[0032] Between the substrate 1 and the grain diameter control layer 2 to be described later in 

detail, there may be provided optionally an adhesion layer 6, a soft magnetic backing layer, a 

heat sink layer, or an orientation control layer 7. 

[0033] Optionally, the adhesion layer 6 may be provided. The adhesion layer 6 is used for 

enhancing adhesion properties between a layer to be formed on the adhesion layer 6 and a layer 

to be formed under the adhesion layer 6. The layer to be formed under the adhesion layer 6 

includes the substrate 1. Materials for forming the adhesion layer 6 include metals such as Ni, 

W, Ta and Cr, CoNi-based alloys, Ni alloys, Pt alloys, Pd alloys, Ta alloys, Cr alloys, CrTi 

alloys, Si alloys, and Cu alloys. The adhesion layer 6 may be a single layer, or have a laminated 

structure of plural layers. The adhesion layer 6 that is preferable in this configuration example 

is composed of a CrTi alloy. The adhesion layer 6 can also be formed using any method known 

in the art, such as a sputtering method. 

[0034] Optionally, a soft magnetic backing layer (not illustrated) may be provided. The soft 

magnetic backing layer controls a magnetic flux from a magnetic head to improve recording/ 

reproducing characteristics of a magnetic recording medium. Materials for forming a soft 

magnetic backing layer include crystalline materials such as a NiFe alloy, sendust (FeSiAl) 

alloy and CoFe alloy, microcrystalline materials such as FeTaC, CoFeNi and CoNiP, and 

amorphous materials containing a Co alloy such as CoZrNb and CoTaZr. The optimum value 

of thickness of the soft magnetic backing layer depends on a structure and characteristics of a 

magnetic head for use in magnetic recording. In the case where a soft magnetic backing layer 

is formed continuously onto another layer, taking productivity into consideration, the soft 

magnetic backing layer preferably has a thickness falling within a range from 10 nm to 500 nm 

(including both ends). The soft magnetic backing layer can also be formed using any method 

known in the art, such as a sputtering method. 

[0035] Optionally, a heat sink layer (not illustrated) may be provided. The heat sink layer is 

used suitably in the case where the magnetic recording medium of the present invention is used 

in a heat-assisted magnetic recording system. The heat sink layer is a layer for absorbing 

effectively excessive heat of the magnetic recording layer 5 generated in heat-assisted magnetic 

recording. The heat sink layer can be formed using a material having a high thermal 

conductivity and high specific heat capacity. Such materials include elemental Cu, elemental 
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Ag, elemental Au, or alloy materials containing these as a main component. Here, “contain as 

a main component” shows that the content of the material is 50 wt% or more. In addition, from 

the viewpoint of strength and the like, the heat sink layer can be formed using an Al-Si alloy, 

Cu-B alloy or the like. Furthermore, a sendust (FeSiAl) alloy, soft magnetic CoFe alloy or the 

like can be used for forming a heat sink layer. By use of the soft magnetic material, a function 

of concentrating a perpendicular magnetic field generated by a head to the magnetic recording 

layer 5 can also be given to the heat sink layer, to thereby complement the function of the soft 

magnetic backing layer. The optimum value of the thickness of the heat sink layer varies 

according to a heat quantity and heat distribution in heat-assisted magnetic recording, and a 

layer configuration and thickness of each configuration layer of a magnetic recording medium. 

In the case where a heat sink layer is to be formed continuously to another configuration layer 

etc., taking productivity into consideration, the thickness thereof is preferably 10 nm or more 

and 100 nm or less. The heat sink layer can be formed using any method known in the art, such 

as a sputtering method or a vacuum vapor deposition method. In general cases, the heat sink 

layer is formed using a sputtering method. The heat sink layer can be formed, considering 

properties required for a magnetic recording medium, between the substrate 1 and the adhesion 

layer 6, between the adhesion layer 6 and the orientation control layer 7, and the like. 

[0036] Optionally, the orientation control layer 7 may be provided. The orientation control 

layer 7 is a layer for controlling orientation of a layer to be formed on the orientation control 

layer 7. The orientation control layer is formed between the adhesion layer 6 and the grain 

diameter control layer 2 to be described later, between the non-magnetic intermediate layer 8 

to be described later and the first seed layer 3 to be described later, or the like. The orientation 

control layer 7 may be a single layer, or may be a multilayer. Materials usable for the orientation 

control layer 7 are, suitably, materials having an hcp structure or a face-centered cubic (fcc) 

structure, but are not limited to these. The orientation control layer 7 contains, for example, Ru 

or a Ru alloy. Ru alloys are, for example, alloys of Ru and Cr, Co or the like. Ru or Ru alloys 

may further contain one or plural elements selected from the group consisting of Cr, W, Mo, 

Ta, Nb, B, Mn, Al and Ti. The orientation control layer 7 preferable in this configuration 

example is a laminated structure of Ru/ RuCr or a layer formed from Ru. The orientation 
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control layer 7 can be formed using any method known in the art, such as a sputtering method. 

Meanwhile, expression such as A/B means that A is an upper layer and B is a lower layer. 

[0037] The grain diameter control layer 2 is a layer, typically, having a granular structure for 

introducing a good granular structure up to the magnetic recording layer 5. The grain diameter 

control layer 2 can be formed using any method known in the art, such as a sputtering method. 

Specifically, the grain diameter control layer 2 contains Ru or a Ru alloy, and at least one 

material selected from the group consisting of oxides, carbides and nitrides. More preferably, 

Ru or a Ru alloy, and at least one material selected from the group consisting of oxides, carbides 

and nitrides are contained as a main component. Here, the “main component” shows that the 

content of “Ru or a Ru alloy, and at least one material selected from the group consisting of 

oxides, carbides and nitrides” is 50 volume % or more. Meanwhile, at least one material 

selected from the group consisting of oxides, carbides and nitrides to be contained with Ru or 

a Ru alloy can also be referred to as a grain boundary material. The grain boundary material 

can be, for example, an oxide such as SiO2 , TiO2  and ZnO, a carbide such as SiC, TiC and 

WC, or a nitride such as SiN and TiN. An amount of the grain boundary material contained 

with Ru or a Ru alloy to form a granular structure is preferably 5 volume % or more and less 

than 50 volume %, more preferably 10 volume % or more and 45 volume % or less, and further 

preferably 20 volume % or more and 40 volume % or less, on the basis of the combined total 

amount of Ru or a Ru alloy, and the grain boundary material. Meanwhile, in the present 

application, “volume %” of a material is also described as “vol%” and means, as a principle on 

the basis of the total amount of a layer containing the material, a percentage of the material 

contained in the layer. 

[0038] For example, the grain diameter control layer 2 has Ru, and TiOm  (m = 1.5 to 2.5) or 

SiOn  (n = 1.5 to 2.5), as the main component. The grain diameter control layer 2 has typically 

Ru-TiO2  or alternatively Ru-SiO2  as the main component. In the case where the grain diameter 

control layer 2 has Ru-TiO2  as the main component, a granular structure has Ru crystal grains 

and TiO2  segregating so as to surrounding the circumference of the Ru crystal grain, as the 

main component. Meanwhile, Ru-TiO2  means a state in which Ru coexists with TiO2 . Ru-

SiO2  means a state in which Ru coexists with SiO2 . Meanwhile, the grain diameter control 
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layer 2 may be a single layer or a multilayer. Layers of different grain boundary materials may 

be laminated, or layers of different grain boundary material concentrations may be laminated. 

[0039] Optionally, between the grain diameter control layer 2 and the first seed layer 3 to be 

described later in detail, the non-magnetic intermediate layer 8 may be provided. The non-

magnetic intermediate layer 8 is a layer for improving crystal orientation of the first seed layer 

3. In this case, the non-magnetic intermediate layer 8 contains Pt and at least one material 

selected from the group consisting of oxides, carbon, carbides and nitrides. More preferably, 

Pt and at least one material selected from the group consisting of oxides, carbon, carbides and 

nitrides are contained as a main component. Here, the “main component” shows that the 

content of “Pt and at least one material selected from the group consisting of oxides, carbon, 

carbides and nitrides” is 50 vol% or more. The non-magnetic intermediate layer 8 has a granular 

structure. At least one material selected from the group consisting of oxides, carbon, carbides 

and nitrides contained with Pt can also be referred to as a grain boundary material. The grain 

boundary material may be, for example, an oxide such as SiO2 , TiO2  or ZnO, carbon (C), a 

carbide such as SiC, TiC or WC, or a nitride such as SiN or TiN. Preferably, the grain boundary 

material of the non-magnetic intermediate layer 8 contains the same kind of compound as the 

grain boundary material of the grain diameter control layer 2. For example, when the grain 

boundary material of the non-magnetic intermediate layer 8 is an oxide, the grain boundary 

material of the grain diameter control layer 2 is preferably a material containing an oxide. In 

the same way, a combination of carbon - carbon, a carbide - a carbide, or a nitride - a nitride is 

preferable. More preferably, the same compound is contained. For example, in the case where 

the grain boundary material of the non-magnetic intermediate layer 8 is TiOm , the grain 

boundary material of the grain diameter control layer 2 preferably contains TiOm  (m = 1.5 to 

2.5). As a consequence, the grain boundary material of the non-magnetic intermediate layer 8 

is formed actively on the grain boundary material of the grain diameter control layer 2, and a 

Pt crystal grain is formed on a Ru crystal grain of the grain diameter control layer 2. Therefore, 

a good granular structure is taken over. 

[0040] In order to form a granular structure, an amount of the grain boundary material 

contained with Pt is preferably 5 vol% or more and less than 50 vol%, more preferably 10 vol% 
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or more and 45 vol% or less, and further preferably 20 vol% or more and 40 vol% or less, on 

the basis of the combined total quantity of Pt and the grain boundary material. 

[0041] Alternatively, the non-magnetic intermediate layer 8 contains Pt. More preferably, Pt 

is contained as a main component. Here, the “main component” shows that the content of “Pt 

and at least one material selected from the group consisting of oxides, carbon, carbides and 

nitrides” is 50 vol% or more. In the case where the non-magnetic intermediate layer 8 contains 

Pt as the main component, the thickness thereof is preferably from 0.1 to 3.0 nm, to keep a 

separation structure of crystal grains. 

[0042] The first seed layer 3 is a layer for setting crystalline orientation of TiN crystal grains 

in the second seed layer 4 to be described later in detail to appropriate orientation, and for 

setting eventually crystalline orientation of an ordered alloy in the magnetic recording layer 5 

to be described later in detail to appropriate orientation for a magnetic recording medium. For 

example, it becomes possible to set crystalline orientation of an L10 -type ordered alloy to (001) 

orientation appropriate to a perpendicular magnetic recording medium. Moreover, to introduce 

the separation structure of crystal grains of the grain diameter control layer to the second seed 

layer 4, the thickness of the first seed layer 3 should not be made too thick. To achieve the 

aforementioned effect, the first seed layer 3 preferably has a thickness falling within a range of 

1 nm to 30 nm. More preferably, the first seed layer 3 has a thickness falling within a range of 

2 nm to 20 nm. 

[0043] Typically, the first seed layer 3 contains a lower first seed layer 3a and an upper first 

seed layer 3b in this order, i.e. between the grain diameter control layer 2 and the second seed 

layer 4. 

[0044] The lower first seed layer 3a has a hexagonal wurtzite crystal structure. Preferably, 

ZnO, AlN, GaN or alternatively InN is contained. More preferably, ZnO, AlN, GaN or InN is 

contained as a main component. Further preferably, ZnO (zinc oxide) is contained. 

Alternatively, ZnO is contained as a main component. Here, the “main component” shows that 

the content of the material is 50 vol% or more. In this configuration example, ZnO has typically 

a (002)-oriented hexagonal wurtzite crystal structure. ZnO in this configuration example 

includes compounds, for example, whose XRD profiles obtained by θ - 2θ measurement in the 

orthogonal direction using X-ray diffraction have a peak in a range from 2θ = 33.4° to 35.4° 
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that is a representative peak of a ZnO crystal. ZnO may be compounds having a peak in a range 

from 2θ = 33.4° to 35.4°, and may have either a stoichiometric composition or a non-

stoichiometric composition. Moreover, Al, Ga, In or the like may be added to ZnO. 

Furthermore, it is believed that, even in the case where the upper first seed layer 3b is thin due 

to the presence of the lower first seed layer 3a, there is an effect on making the crystal 

orientation of the magnetic recording layer 5 good. Moreover, to introduce the separation 

structure of crystal grains of the grain diameter control layer to the upper first seed layer 3b, 

the thickness should not be made too large. To achieve the aforementioned effect, the lower 

first seed layer 3a preferably has a thickness falling within a range of 0.5 nm to 20 nm. More 

preferably, the layer has a thickness falling within a range of 1 nm to 10 nm. 

[0045] The upper first seed layer 3b contains MgO (magnesium oxide). More preferably, MgO 

is contained as a main component. Here, the “main component” shows that the content of the 

MgO is 50 vol% or more. In this configuration example, MgO has typically a (002)-oriented 

sodium chloride type crystal structure. MgO in this configuration example includes compounds, 

for example, whose XRD profiles obtained by θ - 2θ measurement in the orthogonal direction 

using X-ray diffraction have a peak in a range from 2θ = 42.0° to 44.0° that is a representative 

peak of a MgO crystal. MgO may be compounds having a peak in a range from 2θ = 42.0° to 

44.0°, and may have either a stoichiometric composition or a non-stoichiometric composition. 

Moreover, Ca, Sr, Ba or the like may be added to MgO. The upper first seed layer 3b improves 

an order degree of the magnetic recording layer 5 that is to be formed thereon and is composed 

of an ordered alloy. Furthermore, it is believed that the upper first seed layer 3b introduces the 

separation structure of crystal grains of the lower first seed layer 3a to the second seed layer 4 

to thereby accelerate separation of crystal grains in the second seed layer 4. To achieve the 

aforementioned effect, the upper first seed layer 3b preferably has a thickness falling within a 

range of 1 nm to 20 nm. More preferably, the upper first seed layer 3b has a thickness falling 

within a range of 1 nm to 10 nm. 

[0046] The first seed layer 3, the lower first seed layer 3a and the upper first seed layer 3b can 

be formed using any method known in the art, such as a sputtering method. Here, in forming 

the upper first seed layer 3b, temperature of the substrate 1 is preferably set in a range of 300°C 

to 500°C. Deposition of the film at this temperature can reduce surface roughness of the upper 

13



first seed layer 3b. On the other hand, in forming the lower first seed layer 3a, the temperature 

of the substrate 1 may be room temperature. The lower first seed layer 3a having been formed 

at room temperature can actualize surface roughness that is equal to or lower than roughness 

of the upper first seed layer 3b formed at a substrate temperature falling within a range of 300°C 

to 500°C. 

[0047] The second seed layer 4 is a layer for introducing the magnetic recording layer 5 to a 

good granular structure. The second seed layer 4 is composed of crystal grains having TiN as 

a main component and a grain boundary material having at least one or more materials selected 

from the group consisting of metal oxides and carbon as a main component. Crystal grains 

having TiN as the main component has good wettability with magnetic crystal grains of the 

magnetic recording layer 5. Therefore, on a crystal grain having TiN as the main component, a 

magnetic crystal grain of the magnetic recording layer 5 is formed preferentially. Eventually, it 

has an effect on introducing magnetic crystal grains of the magnetic recording layer 5 to a good 

granular structure. Moreover, crystal grains having TiN as the main component also have an 

effect on making crystal orientation of magnetic crystal grains in the magnetic recording layer 

5 good. To obtain the effect, the second seed layer 4 is preferably composed of high quality 

crystal grains having TiN as the main component. 

[0048] Meanwhile, in the second seed layer 4, the crystal grain and the grain boundary material 

are in a state of coexistence. The “crystal grain and the grain boundary material are in a state 

of coexistence” is a state where the grain boundary material is not mixed in the crystal grain 

having TiN as the main component. For the purpose, it is necessary that TiN and the grain 

boundary material are unlikely to react chemically each other. Moreover, specifically, the 

foregoing state is a state where crystal grains having TiN as the main component and the grain 

boundary material surrounding the grain exist, or where there are crystal grains having TiN as 

the main component and the grain boundary material existing locally at a triple point thereof 

or the like. 

[0049] Here, “crystal grains having TiN as the main component” means that the content of 

TiN is 50 vol% or more of the total amount of crystal grains of the second seed layer 4. A larger 

content of TiN can lead the magnetic recording layer 5 to a better granular structure. The 
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content is preferably 60 vol% or more, and more preferably 80 vol% or more. Further 

preferably, crystal grains of the second seed layer 4 are composed of TiN. 

[0050] The phrase “has at least one or more materials selected from the group consisting of 

metal oxides and carbon as a main component” means that the content is 50 vol% or more of 

the total amount of grain boundary material of the second seed layer 4. Unintended impurities 

contained in the grain boundary of the second seed layer 4 are distinguished clearly from “at 

least one or more materials selected from the group consisting of metal oxides and carbon.” A 

smaller content of unintended impurities can introduce the magnetic recording layer 5 to a 

better granular structure. The content is preferably 80 vol% or more, and more preferably 90 

vol% or more. Further preferably, the grain boundary material of the second seed layer 4 does 

not contain an unintended impurity, and is composed only of at least one or more materials 

selected from the group consisting of metal oxides and carbon. 

[0051] In this configuration example, TiN in the second seed layer 4 has typically a (002)-

oriented sodium chloride type crystal structure. TiN in this configuration example includes 

compounds, for example, whose XRD profiles obtained by θ - 2θ measurement in the 

orthogonal direction using X-ray diffraction have a peak in a range from 2θ = 41.6° to 43.6° 

that is a representative peak of a TiN crystal. TiN may be compounds having a peak in a range 

from 2θ = 41.6° to 43.6°, and may have either a stoichiometric composition or a non-

stoichiometric composition. Moreover, to TiN, a material forming a nitride such as Al, Ga or 

In may be added. The second seed layer 4 can be formed by any method known in the art, such 

as a sputtering method. 

[0052] Here, a change of a free energy, in which a compound is formed from a single substance 

at 500°C (standard Gibbs energy of formation), is expressed as ΔG5 0 0 . In a first aspect, in the 

case where a grain boundary material in the second seed layer 4 is a metal oxide, the grain 

boundary material is selected from materials that give a nitride, which is to be formed when a 

metal element reacts with nitrogen in the metal oxide, with higher ΔG5 0 0  than ΔG5 0 0  of TiN. 

As a consequence, a chemical reaction between the metal element in the grain boundary 

material and TiN is unlikely to occur. Therefore, there is no phenomenon such that the metal 

element in the grain boundary material and TiN form a compound and the compound is mixed 

into the crystal grain. Moreover, there is no phenomenon such that nitrogen is taken from TiN 
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by the metal element in the grain boundary material, and such that a crystallographic defect is 

generated due to nitrogen deficiency of TiN. Furthermore, the grain boundary material 

separates out as the metal oxide at a grain boundary of crystal grains having TiN as the main 

component. Eventually, the second seed layer 4, in which high quality crystal grains having 

TiN as the main component and the grain boundary material coexist, can be obtained. 

Specifically, the grain boundary material is at least one or more selected from the group 

consisting of SiO2 , CaO, MgO, B2 O3 , Ta2 O5 , Al2 O3 , Co3 O4 , Sc2 O3 , SrO and Y2 O3 . 

Meanwhile, in the present invention, metal elements include Si and B. 

[0053] In a second aspect, a grain boundary material in the second seed layer 4 is a metal oxide, 

and the grain boundary material is selected from materials that give oxides, which are to be 

formed when a metal element reacts with oxygen in the metal oxides, with lower ΔG5 0 0  than 

ΔG5 0 0  of TiO2 . As a consequence, a chemical reaction between oxygen in the grain boundary 

material and TiN is unlikely to occur. Therefore, there is no phenomenon such that oxygen and 

TiN form a compound and the compound is mixed into the crystal grain, not to generate a 

crystallographic defect of TiN. Moreover, there is no phenomenon such that the grain boundary 

material is reduced, and such that the metal element reduced from the grain boundary material 

forms a compound with TiN. Furthermore, the grain boundary material separates out as the 

metal oxide at a grain boundary of crystal grains having TiN as the main component. Eventually, 

the second seed layer 4, in which high quality crystal grains having TiN as the main component 

and the grain boundary material coexist, is obtained. Specifically, the grain boundary material 

is at least one or more selected from the group consisting of CaO, MgO, Al2 O3 , Sc2 O3 , SrO, 

Y2 O3 , ZrO2  and HfO2 . 

[0054] More preferably, a grain boundary material in the second seed layer 4 satisfies both the 

first and second aspects. Specifically, the grain boundary material is at least one or more 

selected from the group consisting of Al2 O3 , MgO, CaO, Sc2 O3 , SrO and Y2 O3 . As a 

consequence of using the above-described material, the second seed layer 4, in which the higher 

quality crystal grain having TiN as the main component and the grain boundary material coexist, 

is obtained. 

[0055] Moreover, in a third aspect, a grain boundary material in the second seed layer 4 is 

selected from carbon. ΔG5 0 0  of TiC formed when carbon reacts with Ti is higher than ΔG5 0 0  
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of TiN. Therefore, carbonization of a part of TiN does not occur, and a crystallographic defect 

is not generated in TiN. Moreover, carbon put in as a grain boundary material separates out as 

carbon at a grain boundary of crystal grains having TiN as the main component. Eventually, a 

second seed layer, in which high quality crystal grains having TiN as the main component and 

the grain boundary material coexist, is obtained. 

[0056] In the second seed layer 4, the grain boundary material is preferably 5 vol% or more 

and less than 50 vol%, more preferably 10 vol% or more and 45 vol% or less, and further 

preferably 20 vol% or more and 40 vol% or less, on the basis of the total amount of the second 

seed layer. When the amount of the grain boundary material is too large, for example, the grain 

boundary material wraps around the surface of the second seed layer (interface with a magnetic 

recording layer) to thereby disturb crystallinity of the magnetic recording layer. Moreover, for 

example, the grain boundary material cannot fully separate out and remains in TiN crystal 

grains, and therefore the crystallinity of TiN degrades to thereby disturb the crystallinity of the 

magnetic recording layer. Eventually, magnetic properties deteriorate. On the other hand, when 

the amount of the grain boundary material is too small, a separating out amount of the grain 

boundary material is too small, and a large number of parts that cannot surround a TiN crystal 

grain are generated. As a consequence, a good granular structure of the magnetic recording 

layer 5 cannot be obtained. It is necessary to appropriately select the amount of the grain 

boundary material, on the basis of the total amount of the second seed layer 4. 

[0057] More preferably, the second seed layer 4 has a granular structure composed of crystal 

grains having TiN as the main component and a grain boundary material surrounding the 

circumference of the crystal grain having TiN as the main component. Here, the “main 

component” shows that the content of TiN is 50 vol% or more of the total amount of crystal 

grains. A larger content of TiN can introduce the magnetic recording layer 5 to a better granular 

structure. The content is preferably 60 vol% or more, and more preferably 80 vol% or more. 

Further preferably, the crystal grain of the second seed layer 4 is composed of TiN. 

[0058] To perform good grain separation of the second seed layer 4, deposition may be 

performed at high temperatures. Preferable substrate temperature in deposition falls within a 

range from 20 to 600°C. There are such effects that 20°C or higher accelerate good grain 

separation of the second seed layer 4, and that 600°C or lower suppresses surface roughness. 
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[0059] To introduce a good granular structure of the magnetic recording layer 5, the second 

seed layer 4 preferably has a thickness falling within a range of 0.5 nm to 20 nm. More 

preferably, the second seed layer 4 has a thickness falling within a range of 1 nm to 10 nm. 

Further preferably, the second seed layer 4 has a thickness falling within a range of 2 nm to 5 

nm. When the thickness is too large, a part in which columnar growth of TiN cannot be 

continued begins to appear, to thereby disturb gradually the granular structure of the magnetic 

recording layer 5; and, in contrast, when the thickness is too small, TiN is formed with 

irregularity, to thereby disturb the granular structure of the magnetic recording layer 5. 

Therefore, appropriate selection of the thickness is necessary. 

[0060] The magnetic recording layer 5 contains magnetic crystal grains composed of an 

ordered alloy. Magnetic crystal grains composed of an ordered alloy contain, for example, at 

least one first element selected from the group consisting of Fe and Co, and at least one second 

element selected from the group consisting of Pt, Pd, Au, Ir, Ru and Rh. A preferable ordered 

alloy is an L10 -type ordered alloy selected from the group consisting of FePt, CoPt, FePd and 

CoPd. For characteristic modulations, the ordered alloy may additionally contain at least one 

element selected from the group consisting of Ni, Mn, Cu, Ru, Ag, Au and Cr. Desirable 

characteristic modulations include lowering of temperature necessary for regularizing the 

ordered alloy. 

[0061] In an ordered alloy for use in the present invention, a composition ratio of the first 

element compared to the second element may be set in a range from 0.7 to 1.3, preferably in a 

range from 0.8 to 1.1, on the basis of number of atoms. The use of the composition ratio in this 

range allows to obtain an L10 -type ordered structure having a large magnetic anisotropy 

constant Ku. 

[0062] Alternatively, the magnetic recording layer 5 contains a granular structure composed 

of magnetic crystal grains and a non-magnetic crystal grain boundary surrounding the magnetic 

crystal grain. Magnetic crystal grains may contain the aforementioned ordered alloy. Magnetic 

crystal grains composed of an ordered alloy have high wettability compared to TiN crystal 

grains of the second seed layer 4. Therefore, on the TiN crystal grain of the second seed layer 

4, the magnetic crystal grain is formed actively. The non-magnetic crystal grain boundary may 

contain an oxide such as SiO2 , TiO2  or ZnO, a nitride such as SiN or TiN, a material such as 
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carbon (C) or boron (B). The non-magnetic crystal grain boundary of the magnetic recording 

layer 5 preferably contains the same kind of compound as the grain boundary material of the 

second seed layer 4. For example, when a grain boundary material of the second seed layer 4 

is an oxide, a non-magnetic grain boundary material of the magnetic recording layer 5 

preferably contains an oxide. In the same way, combinations of carbon - carbon, carbide - 

carbide, or nitride - nitride are preferable. More preferably, the same compound as the grain 

boundary material of the second seed layer 4 is contained. For example, when a grain boundary 

material of the second seed layer is Al2 O3 , a non-magnetic grain boundary material of the 

magnetic recording layer 5 preferably contains Al2 O3 . 

[0063] Alternatively, a non-magnetic crystal grain boundary of the magnetic recording layer 

5 is preferably the boundary that forms a compound with a grain boundary material of the 

second seed layer 4. For example, when a grain boundary material of the second seed layer 4 

is MgO or CaO, a non-magnetic grain boundary material of the magnetic recording layer 5 is 

preferably the material containing C. As a consequence, the non-magnetic grain boundary 

material of the magnetic recording layer 5 is formed actively on the grain boundary material of 

the second seed layer. Thus, a good granular structure is obtained. 

[0064] Examples of preferable combinations of a grain boundary material of the second seed 

layer 4 and a non-magnetic crystal grain boundary of the magnetic recording layer 5 include, 

in the order of the grain boundary material and non-magnetic crystal grain boundary, Al2 O3  

and Al2 O3 , MgO and MgO, MgO and C, CaO and CaO, CaO and C, Sc2 O3  and Sc2 O3 , SrO 

and SrO, Y2 O3  and Y2 O3 , and the like. 

[0065] Moreover, the magnetic recording layer 5 may be a single layer, or may be composed 

of plural magnetic recording layers 5. It is sufficient that magnetic recording layers 5 contains 

a layer contacting the second seed layer 4 and having a granular structure containing magnetic 

crystal grains composed of an ordered alloy. Layers not contacting the second seed layer 4 may 

have a non-granular structure, or may have a granular structure. As a layer containing a non-

granular structure, a magnetic recording layer composed of a continuous layer, which is 

referred to as a magnetic cap layer, may be provided at an upper part of a magnetic recording 

layer having a granular structure. Furthermore, the magnetic recording layer 5 may have an 
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ECC (Exchange-coupled Composite) structure obtained by sandwiching and laminating a 

bonding layer such as Ru with magnetic recording layers. 

[0066] The magnetic recording layer 5 can be formed by depositing a predetermined material 

by a sputtering method. In the case where the magnetic recording layer 5 containing an ordered 

alloy is to be formed, a target containing a material for forming the ordered alloy can be used. 

In more detail, a target that contains elements at an intended ratio for composing the 

aforementioned ordered alloy can be used. Alternatively, the magnetic recording layer 5 may 

be formed using plural targets each containing a single element and adjusting powers to be 

applied to respective targets to thereby control a ratio of the elements. When the magnetic 

recording layer 5 having a granular structure is to be formed, a target containing a material for 

forming magnetic crystal grains and a material for forming a non-magnetic crystal grain 

boundary at an intended ratio can be used. Alternatively, a target containing a material for 

forming magnetic crystal grains and a target containing a material for forming a non-magnetic 

crystal grain boundary are used, and powers to be applied to respective targets are adjusted. 

The magnetic recording layer 5 may be formed by controlling in this way a composition ratio 

of magnetic crystal grains and a non-magnetic crystal grain boundary. Here, in the case where 

magnetic crystal grains are to be formed with an ordered alloy, plural targets individually 

containing an element for composing the ordered alloy may be used. 

[0067] In the case where the magnetic recording layer 5 contains an ordered alloy, formation 

of the magnetic recording layer 5 involves heating of the substrate 1. Temperature of the 

substrate 1 on this occasion falls, for example, within a range from 300°C to 600°C. Using this 

range of the substrate temperature allows to improve an order degree of the ordered alloy in 

the magnetic recording layer 5. Because of 300°C or higher, the order degree of an L10  ordered 

alloy can be improved. Because of 600°C or less, there is an effect of surface roughness to be 

suppressed. 

[0068] Optionally, a protective layer (not illustrated) may be provided. The protective layer 

can be formed using a material used commonly in a field of magnetic recording media. 

Specifically, the protective layer can be formed using a non-magnetic metal such as Pt, a 

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

such as silicon nitride. Moreover, the protective layer may be a single layer, or may have a 
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laminated structure. A protective layer of a laminated structure may be, for example, a 

laminated structure of two kinds of carbon-based materials having different properties, a 

laminated structure of a metal and a carbon-based material, or a laminated structure of a metal 

oxide layer and a carbon-based material. The protective layer can be formed using any method 

known in the art, such as a sputtering method, a CVD method or a vacuum vapor deposition 

method. 

[0069] Optionally, a liquid lubricant layer (not illustrated) may be provided. The liquid 

lubricant layer can be formed using a material for use commonly in a field of magnetic 

recording media. For example, a perfluoropolyether-based lubricant or the like can be used. 

The liquid lubricant layer can be formed using a coating method such as a dip coating method 

or a spin coating method. 

 

[Examples] 

[0070] [1] Summary of Examples and Comparative Examples 

 Table 1 shows a summary of Examples and Comparative Examples. As shown in 

Examples and Comparative Examples of Table 1, there are cases where a Ru-TiO2  grain 

diameter control layer exists (Yes) or does not exist (No), and cases where a TiN-X second seed 

layer exists (Yes) or does not exist (No). Furthermore, there are cases where X is Al2 O3 , MgO, 

C (carbon) or ZrO2  and cases where X does not exist. Moreover, as to X in the second seed 

layer, there are cases where the addition amount thereof is varied in a range from 20 to 70 vol% 

(for some cases, a range up to 60 vol%). Meanwhile, in Examples and Comparative Examples 

of this application, as a principle, expression of “A-B” or the like means that formation is 

performed so that A and B coexist. Furthermore, expression of “A-C vol% B” or the like means 

that formation is performed so that B exists in C vol% relative to the total amount of A and B. 

[0071] [Table 1] 
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[0072] In Examples 1, 2, 3, a Ru-TiO2  layer was formed as a grain diameter control layer, a 

MgO/ ZnO layer was formed as a first seed layer, and a TiN-X layer was formed as a second 

seed layer. X = Al2 O3  in Example 1, X = MgO in Example 2, and X = C (carbon) in Example 

3. Meanwhile, expression such as A/ B means that A is an upper layer and B is a lower layer. 

[0073] On the other hand, in Comparative Example 1, although a Ru-TiO2  layer is formed as 

a grain diameter control layer and a MgO/ ZnO layer is formed as a first seed layer, a second 

seed layer is not formed. It is an example for confirming effectiveness of a second seed layer. 

[0074] In Comparative Example 2, a second seed layer is composed of TiN, and X is not added. 

This is an example for confirming necessity of addition of X. The example corresponds to data 

in which an addition amount of X is 0 in Examples 1, 2, 3. 

[0075] Comparative Examples 3, 4 correspond respectively to cases where a grain diameter 

control layer does not exist in Examples 1, 2. They are examples for confirming necessity of a 

grain diameter control layer. 

[0076] In Comparative Example 5, a second seed layer is composed of TiN without the 

addition of X relative to Comparative Examples 3, 4. 

[0077] In Comparative Example 6, X = ZrO2  in a second seed layer relative to Example 1, 2, 

3. 

[0078] [2] Layer configurations and production conditions in Examples and Comparative 

Examples 

 Table 2 shows layer configurations and production conditions of Examples and 

Comparative Examples. Example 1 is used for showing an example of a specific layer 

configuration and a deposition method thereof. Fig. 2 shows an outline cross-sectional view of 

configuration of a magnetic recording medium in Example 1. As to the layer configuration in 

Example 1, as shown in Fig. 2, there are formed the adhesion layer 6, the orientation control 

layer 7, the grain diameter control layer 2, the non-magnetic intermediate layer 8, the first seed 

layer 3, the second seed layer 4 and the magnetic recording layer 5 in this order from the 

substrate 1 side. 

[0079] More specific layer configuration will be shown. First, the adhesion layer 6 composed 

of a Ni alloy (4 nm)/ CrTi alloy (15 nm) is formed on the substrate 1 made of glass. On the 

layer 6, the orientation control layer 7 composed of Ru (6 nm)/ Ru alloy (4 nm) is formed. On 
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the layer 7, the grain diameter control layer 2 composed of Ru-25 vol% TiO2  (1 nm) is formed. 

On the layer 2, the non-magnetic intermediate layer 8 composed of Pt-40 vol% TiO2  (8 nm) is 

formed. On the layer 8, the first seed layer 3 composed of MgO (2 nm) / ZnO (2 nm) is formed. 

On the layer 3, the second seed layer 4 composed of TiN-Al2 O3  (5 nm) is formed. On the layer 

4, the magnetic recording layer 5 composed of FePt-30 vol% C (4 nm) is formed. Meanwhile, 

expressions of A/ B and the like means that A is an upper layer and B is a lower layer, and 

description in parentheses means film thickness. 

[0080] A deposition method in Example 1 is as described in Table 2. Specifically, the substrate 

1 made of glass was prepared and, from a lower layer in order, deposition was performed by 

sputtering. First, a CrTi alloy and Ni alloy were deposited as the adhesion layer 6, and a Ru 

alloy and Ru were deposited as the orientation control layer 7, in this order. Ru-25 vol% TiO2  

was deposited as the grain diameter control layer 2, and Pt-40 vol% TiO2  was deposited as the 

non-magnetic intermediate layer 8, in this order. The depositions so far were performed by DC 

magnetron sputtering, using targets adjusted so as to deposit predetermined material 

compositions and adjusting power and gas pressure so as to give predetermined film 

thicknesses described in Table 2. Next, the first seed layer 3 was deposited by RF magnetron 

sputtering. As the first seed layer 3, a ZnO layer was deposited with power and gas pressure 

described in Table 2, the substrate was heated to 350°C and subsequently a MgO layer was 

deposited with power and gas pressure described in Table 2. Furthermore, the second seed layer 

4 was deposited by RF cosputtering using two targets of TiN and Al2 O3  in a state where the 

substrate was held at 350°C. A power amount on the Al2 O3  target side was fixed at 500 W and 

a power amount on the TiN target side was adjusted to thereby produce plural samples having 

different Al2 O3  amounts. Six samples respectively having an Al2 O3  amount of 20, 30, 40, 50, 

60 and 70 vol% relative to the total amount of TiN and Al2 O3  were produced. Finally, the 

substrate was heated to 450°C and then FePt-C was deposited by DC magnetron sputtering as 

the magnetic recording layer 5. The deposition was performed with power and gas pressure 

described in Table 2 so as to give film thickness of 4 nm, using a target having been adjusted 

so that C was to be deposited in 30 vol% relative to the total amount of FePt-C. 

[0081] In Example 2, TiN-MgO was used as the second seed layer relative to Example 1. In 

Example 3, TiN-C was used as the second seed layer and film thickness was 1 nm, relative to 
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Example 1. Moreover, in Example 3, an amount of C was only 40 vol% relative to the total 

amount of TiN and C. In Comparative Example 1, the deposition was performed while 

removing the second seed layer, relative to Example 1. In Comparative Example 2, TiN was 

used as the second seed layer, relative to Example 1. In Comparative Example 3, the grain 

diameter control layer was removed and Pt was used as the non-magnetic intermediate layer, 

relative to Example 1. In Comparative Example 4, the grain diameter control layer was 

removed and Pt was used as the non-magnetic intermediate layer, relative to Example 2. In 

Comparative Example 5, TiN was used as the second seed layer, relative to Comparative 

Example 3. In Comparative Example 6, TiN-ZrO2  was used as the second seed layer, relative 

to Example 1. 

[0082] The relationships between a sample number and a grain diameter control layer in 

Examples 1 to 3, and Comparative Examples 1 to 6 are shown in Tables 3 to 11. 

[0083] [Table 2] 
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[0084] [Table 3] 

 

[0085] [Table 4] 

 

[0086] [Table 5] 

 

[0087] [Table 6] 

 

[0088] [Table 7] 
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[0089] [Table 8] 

 

[0090] [Table 9] 

 

[0091] [Table 10] 

 

[0092] [Table 11] 
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[0093] [3] Evaluation technique for Examples and Comparative Examples 

 A grain structure of a film surface parallel to the substrate was observed from the 

direction perpendicular to the substrate, with a scanning electron microscope (SEM). The SEM 

observation was performed at a magnification of four hundred thousand and an acceleration 

voltage of 15 kV. Moreover, in images obtained by the SEM observation, grains and regions of 

grain boundary were separated from a region of 300 nm in width × 200 nm in height by image 

processing using image analysis software (trade name: WinRoof, manufactured by Mitani 

Corporation), and grain diameter analysis was performed. In the grain diameter analysis, a 

grain diameter on the basis of a circle equivalent diameter was calculated for separated every 

grain. An average grain diameter <D> as an average value of all the grain diameters, a grain 

diameter dispersion σ as a variance of all the grain diameters were calculated. 

[0094] Dependency of spontaneous magnetization on a magnetic field application angle was 

evaluated using a PPMS apparatus (trade name: Physical Property Measurement System, 

manufactured by Quantum Design Inc.), and a magnetic anisotropy constant Ku at a desired 

temperature was determined. In the determination of the magnetic anisotropy constant Ku, 

techniques described in R. F. Penoyer, “Automatic Torque Balance for Magnetic Anisotropy 

Measurements,” The Review of Scientific Instruments, Vol 30 No. 8, 711 - 714, August 1959; 

and Chikazumi Soshin, “Physics of Ferromagnetism” (Vol. 2) 10 - 21, Shokabo Co., Ltd. (see 

Non-patent Literatures 3 and 4) were used. 

[0095] Moreover, a magnetization curve was measured using a vibration sample type 

magnetometer (VSM), and coercive force was evaluated. The magnetization curve was 

measured with regard to a surface perpendicular to the substrate. 

[0096] [4] Comparison between Examples 1, 2, 3 and Comparative Example 1 
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 To verify an effect of the second seed layer, comparison was performed among a 

second seed layer composed of TiN-40 vol% Al2 O3  (Example 1, sample number: 1-3), a 

second seed layer composed of TiN-40 vol% MgO (Example 2, sample number: 2-3), a second 

seed layer composed of TiN-40 vol% C (Example 3, sample number: 3), and a sample having 

no second seed layer (Comparative Example 1, sample number: 4). Results of SEM observation 

are shown in Figs. 3 to 6, and results of grain diameter analyses and results of magnetic 

anisotropy constants are shown in Table 12. 

[0097] Fig 3 is an SEM photograph of sample number = 1-3 in Example 1. Fig. 4 is an SEM 

photograph of sample number = 2-3 in Example 2. Fig. 5 is an SEM photograph of sample 

number = 3 in Example 3. Fig. 6 is an SEM photograph of sample number = 4 in Comparative 

Example 1. 

[0098] [Table 12] 
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[0099] Comparisons of average grain diameters, and grain diameter dispersions 

 As shown in SEM photographs of Figs. 3 to 6, Examples 1 to 3 and Comparative 

Example 1 each show that a distinct granular structure was formed. As a consequence of 

comparison of grain diameters, it is found that grain diameters have been made small in whole 

Examples 1 to 3 relative to Comparative Example 1. As shown in Table 12, Comparative 

Example 1 in which no second seed layer was formed shows that the average grain diameter in 

the magnetic recording layer was 8.3 nm and that the grain diameter dispersion was 2.6 nm. In 

contrast, Examples 1, 2, 3 in which a second seed layer was composed of TiN-Al2 O3 , TiN-

MgO, or TiN-C show that average grain diameters in the magnetic recording layer have been 

reduced to 6.9 nm, 7.9 nm or 7.3 nm and that the grain diameter dispersion also could be made 

small to 1.9 nm, 2.3 nm or 2.0 nm. 

[0100] Comparison of magnetic properties (magnetic anisotropy energies) 

 As shown in Table 12, the magnetic anisotropy constant Ku was equivalent or was 

improved slightly. Moreover, all Examples 1, 2, 3 represented Ku of 1.0 × 107  erg/cm3  or 

higher, which confirmed their applicability as magnetic recording media. 

[0101] From these results, it was found that formation of a second seed layer composed of 

TiN-Al2 O3 , TiN-MgO or TiN-C between a MgO/ ZnO first seed layer and an FePt magnetic 

recording layer did not involve any deterioration of a magnetic property (magnetic anisotropy 

energy). It is found preferable that in this way an average grain diameter of magnetic crystal 

grains and grain diameter dispersion in a magnetic recording layer can be made small. 

[0102] [5] Comparison between Example 1 and Comparative Example 2 

 [5-1] Sample for showing effect of X = Al2 O3  in second seed layer 

 Example 1 is an example containing a second seed layer composed of TiN-Al2 O3 . To 

show the optimum addition amount of Al2 O3 , plural samples (sample numbers: 1-1 to 1-6) 

having different addition amounts of Al2 O3  in Example 1 were produced. Comparative 

Example 2 is an example of containing a second seed layer composed of TiN without addition 

of Al2 O3  (sample number: 5). 

[0103] Table 13 and Figs. 3, 7 to 10 show results at respective addition amounts of Al2 O3 . 

Fig. 3 is a SEM photograph of sample number = 1-3 in Example 1. Circles in Fig. 7 show 

comparison of average grain diameters between Example 1 and Comparative Example 2. 
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Circles in Fig. 8 show comparison of grain diameter dispersions between Example 1 and 

Comparative Example 2. Circles in Fig. 9 show comparison of magnetic anisotropy constants 

between Example 1 and Comparative Example 2. Fig. 10 is a SEM photograph of sample 

number = 5 in Comparative Example 2. 

[0104] [Table 13] 
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[0105] [5-2] Effect of X = Al2 O3  in second seed layer 

 The magnetic recording layer of the sample using TiN without addition of Al2 O3  in 

the second seed layer (Comparative Example 2) contains coarse and angular agglomerated 

grains in which plural minute grains agglutinate, as shown by the SEM photograph in Fig. 10. 

As shown in Table 13, an average grain diameter and grain diameter dispersion were about 9.7 

nm and 4.6 nm, respectively. In contrast, a magnetic recording layer of a sample in which the 

second seed layer is composed of TiN-Al2 O3  (Example 1, sample number: 1-3) has a granular 

structure composed of minute grains, as shown by the SEM photograph in Fig. 3. Moreover, as 

shown in Table 13, an average grain diameter and grain diameter dispersion were about 6.9 nm 

and 1.9 nm, respectively. It is found that both average grain diameter and grain diameter 

dispersion are reduced with TiN-Al2 O3 . 

[0106] In a sample that was formed up to the grain diameter control layer in the same 

procedure as in Example 1, an average grain diameter observed at a grain diameter control 

layer surface was about 7 nm. In other words, in sample number: 1-3 in this Example 1, an 

average grain diameter in the magnetic recording layer and an average grain diameter in the 

grain diameter control layer were approximately the same. It means that the use of TiN-Al2 O3  

as the second seed layer made an average grain diameter in the magnetic recording layer come 

closer to an average grain diameter in the grain diameter control layer, as compared with the 

use of TiN without addition of Al2 O3 . This is due to the result that using TiN-Al2 O3  as the 

second seed layer provided a granular structure of the magnetic recording layer which reflects 

the granular structure of the grain diameter control layer. 

[0107] [5-3] Optimum range of Al2 O3  amount in X = Al2 O3  of second seed layer 

 As shown with circles in Fig. 7, circles in Fig. 8 and in Table 3, the average grain 

diameters and grain diameter dispersions decrease as the Al2 O3  addition amounts increase, up 

to an Al2 O3  addition amount of 40 vol%. 

[0108] As shown with circles in Fig. 7, the average grain diameter decreases toward 7 nm that 

is the grain diameter in the grain diameter control layer in line with an Al2 O3  amount up to the 

Al2 O3  addition amount of 40 vol%. At 40 vol%, the average grain diameter becomes 

equivalent to 7 nm that is the average grain diameter in the grain diameter control layer. 
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Between 40 vol% and 70 vol%, the average grain diameter becomes constant at 7 nm that is 

equivalent to the average grain diameter in the grain diameter control layer. 

[0109] As shown with circles in Fig. 8, the grain diameter dispersion decreases greatly by 

adding Al2 O3 , compared with the case of no addition. Furthermore, the grain diameter 

dispersion continuously decreases in line with an Al2 O3  addition amount up to the addition 

amount of 40 vol%. Between 40 vol% and 70 vol%, the grain diameter dispersion becomes 

constant at around 1.8 nm. 

[0110] As shown with circles in Fig. 9 and in Table 13, a magnetic property (magnetic 

anisotropy constant) raises up to the Al2 O3  addition amount of 40 vol%. It lowers greatly at 

50 vol%. Between 50 vol% and 70 vol%, it falls below 1.0 × 107  erg/cm3 . The improvement 

of the magnetic anisotropy constant due to the increase up to 40 vol% is a result of decrease of 

a crystallographic defect due to a bridge of a grain boundary in the lower layer thereby 

providing a good crystallinity of the magnetic recording layer. On the other hand, as to the 

reason why the magnetic anisotropy constant decreased at 50 vol% or more, it is considered 

that a too large Al2 O3  addition amount caused insufficient segregation at grain boundaries and 

led to segregation at an interface between the second seed layer and the magnetic recording 

layer thereby hindering heteroepitaxial growth of FePt in the magnetic recording layer. 

Moreover, at 50 vol% or more, the magnetic property falls below 1.0 × 107  erg/cm3 , which is 

to be a reference for an application to a magnetic recording medium. 

[0111] As described above, as Al2 O3  is added to TiN, the grain structure of the magnetic 

recording layer tends to reflect the grain structure of the grain diameter control layer so that the 

average grain diameter and grain diameter dispersion are reduced and magnetic properties are 

improved. However, if an Al2 O3  addition amount is made to 50 vol% or more, there are no 

decrease of an average grain diameter and grain diameter dispersion, and magnetic properties 

deteriorate. Therefore, an Al2 O3  addition amount is preferably less than 50 vol%. 

[0112] [6] Comparison between Example 1 and Comparative Examples 2, 3, 5 

 [6-1] Samples for showing necessity of grain diameter control layer 

 The layer configuration in Example 1 is an example of inclusion of a grain diameter 

control layer composed of Ru-TiO2  and a second seed layer composed of TiN-Al2 O3 . The 

layer configuration in Comparative Example 3 is an example of containing no grain diameter 
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control layer and containing a second seed layer composed of TiN-Al2 O3 , to show the 

necessity of the grain diameter control layer. In the same way as in Example 1, plural samples 

(sample numbers: 6-1 to 6-6) having different Al2 O3  addition amounts were produced. 

[0113] Layer configurations of Comparative Example 2 and Comparative Example 5 are those 

in which the second seed layer is composed of TiN without Al2 O3  addition, compared to 

Example 1 and Comparative Example 3. 

[0114] Table 14 and Figs. 7 to 9, 11 show results of respective Al2 O3  addition amounts. Fig. 

11 is a SEM photograph of sample number = 6-3 in Comparative Example 3. Squares in Fig. 7 

show average grain diameters in Comparative Examples 3, 5. Squares in Fig. 8 show grain 

diameter dispersions in Comparative Examples 3, 5. Squares in Fig. 9 show magnetic 

anisotropy constants in Comparative Examples 3, 5. 

[0115] [Table 14] 
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[0116] [6-2] Effect of grain diameter control layer 

 In the case where a TiN-Al2 O3  second seed layer is made on a layer without containing 

a grain diameter control layer (Comparative Example 3, sample number = 6-3), the magnetic 

recording layer becomes a state in which minute grains of several nanometers in grain diameter 

and huge grains of several tens nanometers in grain diameter coexist, as shown in a SEM 

photograph in Fig. 11. It does not form a magnetic recording layer having a granular structure 

composed of uniform grains, as in the case in Fig. 3 of the magnetic recording layer being 

formed on the layer containing the grain diameter control layer (Example 1, sample number = 

1-3). 

[0117] As shown with circles and squares in Fig. 7, average grain diameters of crystal grains 

in magnetic recording layers in the cases (Comparative Examples 2, 5) where Al2 O3  is not 

contained in the second seed layer are 9.7 nm for the sample containing the grain diameter 

control layer (circles) and 9.5 nm for the sample not containing a grain diameter control layer 

(squares), both of which are large in the same degree. 

[0118] An average grain diameter of crystal grains of the magnetic recording layer of a sample 

without containing a grain diameter control layer (Comparative Example 3) decreases to 

around 8 nm by adding Al2 O3 , as shown with squares in Fig. 7. However, the average grain 

diameter does not become small even if an Al2 O3  addition amount is varied. The average grain 

diameter is larger compared to the sample (Example 1) containing the grain diameter control 

layer shown with circles in Fig. 7. 

[0119] A grain diameter dispersion of crystal grains in the magnetic recording layer of the 

sample without containing a grain diameter control layer (Comparative Example 3) decreases 

only to 3.4 nm even if Al2 O3  is added, as shown with squares in Fig. 8. However, even if an 

addition amount of Al2 O3  is varied, the grain diameter dispersion is only at a level of around 

2.5 to 3.5 nm. A grain diameter dispersion is also large compared to the sample containing the 

grain diameter control layer (Example 1) shown with circles in Fig. 8. Addition of up to 40 

vol% does not cause a grain diameter dispersion of less than 3 nm, which is a reference for an 

application to a magnetic recording medium. This means that it cannot be applied as a magnetic 

recording medium. 
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[0120] A magnetic anisotropy constant of the sample without containing a grain diameter 

control layer (Comparative Example 3) does not show substantial change until 40 vol% of 

Al2 O3  addition amounts, as shown with squares in Fig. 9, while it deteriorates greatly at 50 

vol% or more. It does not show any improvement of the magnetic anisotropy constant up to 40 

vol%, as observed in the sample containing the grain diameter control layer (Example 1) shown 

with circles in Fig. 9. Moreover, in 50 vol% or more, the magnetic anisotropy constant has 

fallen below 1.0 × 107  erg/cm3  that is a reference for an application to a magnetic recording 

medium. 

[0121] As described above, in the cases of containing the TiN-Al2 O3  second seed layer and 

without forming a grain diameter control layer, it is not possible to obtain what satisfies both 

grain diameter dispersion and magnetic anisotropy constant applicable to a magnetic recording 

medium. In the cases containing the TiN-Al2 O3  second seed layer, as a consequent of 

formation of the grain diameter control layer, both average grain diameter and grain diameter 

dispersion of magnetic crystal grains of the magnetic recording layer can be made small 

remarkably, and the magnetic anisotropy constant can also be improved. 

[0122] [7] Comparison between Example 2 and Comparative Example 2 

 [7-1] Samples for showing effect of X = MgO in second seed layer 

 Example 2 is an example containing a second seed layer composed of TiN-MgO. To 

show the optimum MgO addition amount, plural samples having different MgO addition 

amounts (sample numbers: 2-1 to 2-6) were prepared in Example 2. Comparative Example 2 

is an example (sample number: 5) containing a second seed layer composed of TiN without 

addition of MgO. 

[0123] Table 15 and Figs. 4, 12 to 14 show results at respective addition amounts. Fig. 4 is a 

SEM photograph of sample number = 2-3 in Example 2. Fig. 12 shows a comparison of average 

grain diameters between Example 2 and Comparative Example 2. Fig. 13 shows a comparison 

of grain diameter dispersions between Example 2 and Comparative Example 2. Fig. 14 shows 

a comparison of magnetic anisotropy constants between Example 2 and Comparative Example 

2. Fig. 10 is a SEM photograph of sample number = 5 in Comparative Example 2. 

[0124] [Table 15] 
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[0125] [7-2] Effect of addition of MgO to second seed layer 

 The magnetic recording layer in the sample (Comparative Example 2) in which TiN 

without the addition of MgO is used in the second seed layer contains, as shown by a SEM 

photograph in Fig. 10, coarse and angular agglomerated grains in which plural minute grains 

agglutinate. As shown in Table 15, the average grain diameter and grain diameter dispersion 

were about 9.7 nm and 4.6 nm, respectively. In contrast, the magnetic recording layer of the 

sample (Example 2, sample number: 2-3) having the second seed layer composed of TiN-MgO 

has, as shown by a SEM photograph in Fig. 4, a granular structure composed of minute grains. 

Moreover, as shown in Table 15, the average grain diameter and grain diameter dispersion were 

about 7.9 nm and 2.3 nm, respectively. It is found that, with TiN-MgO, both average grain 

diameter and grain diameter dispersion are reduced. 

[0126] A sample was formed up to the grain diameter control layer in the same procedure as 

in Example 1. Its average grain diameter, which was observed on the grain diameter control 

layer surface, was about 7 nm. It means that an average grain diameter of magnetic crystal 

grains in the magnetic recording layer has come closer to the average grain diameter in the 

grain diameter control layer, as a consequence of addition of MgO to TiN in the second seed 

layer, as compared with the case where MgO is not added. This is due to the result that using 

TiN-Al2 O3  in the second seed layer provided a good granular structure of the magnetic 

recording layer, reflecting the granular structure of the grain diameter control layer. 

[0127] [7-3] Optimum range of MgO amount of X = MgO in second seed layer 

 As shown with circles in Fig. 12, circles in Fig. 13, and in Table 15, in a MgO addition 

amount up to 50 vol%, an average grain diameter and grain diameter dispersion decrease as 

increase in a MgO addition amount. 

[0128] As shown with circles in Fig. 12, the average grain diameter decreases toward 7 nm 

that is the grain diameter in the grain diameter control layer up to 50 vol% of the MgO addition 

amount in line with the MgO addition amount, and becomes 7.7 nm in average grain diameter 

at 50 vol%. Between 50 vol% and 70 vol%, the average grain diameter becomes constant at 

around 7.7 nm. 

[0129] As shown with circles in Fig. 13, the grain diameter dispersion decreases remarkably 

as a consequence of addition of MgO, as compared with the case without the addition. 
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Furthermore, it continuously decreases up to 50 vol% of the addition amount in line with a 

MgO addition amount. In between 50 vol% and 70 vol%, the grain diameter dispersion 

becomes constant at around 2 nm. 

[0130] As shown with circles in Fig. 14 and in Table 15, the magnetic property (magnetic 

anisotropy constant) raises in a MgO addition amount up to 40 vol%. It decreases at 50 vol%, 

and gradually decreases between 50 vol% and 70 vol%. The improvement of the magnetic 

anisotropy constant up to 40 vol% is a result of decrease of a crystallographic defect due to a 

bridge of a grain boundary in the lower layer thereby providing good crystallinity of the 

magnetic recording layer. On the other hand, as to the reason why the magnetic anisotropy 

constant decreased at 50 vol% or more, it is considered that a too large MgO addition amount 

caused insufficient segregation at grain boundaries and led to segregation at an interface 

between the second seed layer and the magnetic recording layer thereby hindering 

heteroepitaxial growth of FePt in the magnetic recording layer. 

[0131] As described above, as MgO is added to TiN, the grain structure of the magnetic 

recording layer tends to reflect the grain structure of the grain diameter control layer so that the 

average grain diameter and grain diameter dispersion are reduced and the magnetic properties 

are improved. However, in the cases where a MgO addition amount is 50 vol% or more, the 

magnetic property deteriorates. Therefore, a MgO addition amount is preferably less than 50 

vol%. 

[0132] [8] Comparison between Example 2 and Comparative Examples 2, 4, 5 

 [8-1] Samples for showing necessity of grain diameter control layer 

 The layer configuration in Example 2 is an example containing a grain diameter control 

layer composed of Ru-TiO2  and a second seed layer composed of TiN-MgO. The layer 

configuration in Comparative Example 4 is an example without a grain diameter control layer 

while containing a second seed layer composed of TiN-MgO, for the purpose of showing 

necessity of a grain diameter control layer. In the same way as in Example 2, plural samples 

(sample numbers: 7-1 to 7-6) having different MgO addition amounts were prepared. 

[0133] Layer configurations in Comparative Example 2 and Comparative Example 5 are such 

that second seed layers are composed of TiN without the addition of MgO, compared to 

Example 2 and Comparative Example 4. 
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[0134] Table 16, and Figs. 12 to 15 show results at respective MgO addition amounts. Fig. 15 

is a SEM photograph of sample number = 7-3 in Comparative Example 4. Squares in Fig. 12 

show average grain diameters in Comparative Examples 4, 5. Squares in Fig. 13 show grain 

diameter dispersions in Comparative Examples 4, 5. Squares in Fig. 14 show magnetic 

anisotropy constants in Comparative Examples 4, 5. 

[0135] [Table 16] 
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[0136] [8-2] Effect of grain diameter control layer 

 In the case (Comparative Example 4, sample number = 7-3) where the TiN-MgO 

second seed layer is prepared on a layer without containing a grain diameter control layer, as 

shown by a SEM photograph in Fig. 15, the magnetic recording layer is in a state where minute 

grains of several nanometers in grain diameter and huge grains of several tens nanometers in 

grain diameter coexist. A magnetic recording layer of a granular structure with uniform grains 

is not given, unlike the case (Example 2, sample number = 2-3) in Fig. 4 where the magnetic 

layer is formed on the layer containing the grain diameter control layer. 

[0137] As shown with circles and squares in Fig. 12, average grain diameters of crystal grains 

of magnetic recording layers in the cases (Comparative Examples 2, 5) where the second seed 

layers do not contain MgO are 9.7 nm in a sample (circles) containing the grain diameter 

control layer, and 9.5 nm in a sample (squares) without containing a grain diameter control 

layer, which is large as well. 

[0138] The average grain diameter of crystal grains of the magnetic recording layer of the 

sample (Comparative Example 4) without containing a grain diameter control layer does not 

show a reduction tendency even if MgO is added, as shown with squares in Fig. 12, and is 8.6 

to 9.9 nm. The average grain diameter is larger compared to the sample (Example 1) containing 

the grain diameter control layer shown with circles in Fig. 7. 

[0139] The grain diameter dispersion of crystal grains of the magnetic recording layer of the 

sample (Comparative Example 4) without containing a grain diameter control layer decreases 

only up to around 3.2 to 4.0 nm even if MgO is added, as shown with squares in Fig. 13. The 

grain diameter dispersion is also larger compared to the sample (Example 1) containing the 

grain diameter control layer as shown with circles in Fig. 13. Since they do not fall into less 

than 3 nm that is a reference for application to a magnetic recording medium, they cannot be 

applied to a magnetic recording medium. 

[0140] The magnetic anisotropy constant of the sample (Comparative Example 4) without 

containing a grain diameter control layer increases up to 30 vol% in MgO addition amount, 

and decreases greatly at 50 vol% or more, as shown with squares in Fig. 14. The improvement 

of the magnetic anisotropy constant up to 40 vol%, which was observed in the sample (Example 

1) containing the grain diameter control layer shown with circles in Fig. 9, is not observed. 
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Moreover, at 50 vol% or more, a magnetic anisotropy constant has fallen below 1.0 × 107  

erg/cm3  that is a reference for an application to a magnetic recording medium. 

[0141] As described above, in the cases of containing the TiN-MgO second seed layer and 

without forming a grain diameter control layer, it is not possible to obtain the sample that 

satisfies both grain diameter dispersion and magnetic anisotropy constant applicable to a 

magnetic recording medium. In the cases of containing the TiN-MgO second seed layer, as a 

result of formation of a grain diameter control layer, it is possible to make both average grain 

diameter and grain diameter dispersion of magnetic crystal grains of a magnetic recording layer 

remarkably small and also improve a magnetic anisotropy constant. 

[0142] [9] Comparison between Example 1 and Comparative Examples 2, 6 

 [9-1] Samples in which ZrO2  is used as X in second seed layer  

 As to the layer configuration in Comparative Example 6, TiN-ZrO2  was used as the 

second seed layer, compared to the second seed layer of TiN-Al2 O3  in Example 1. As to a layer 

configuration in Comparative Example 6, plural samples having different ZrO2  addition 

amounts were prepared. In Table 17 and Figs. 16 to 19, addition amounts and results are shown. 

[0143] Fig. 16 shows a comparison of average grain diameters between Example 1 and 

Comparative Examples 2, 6. Fig. 17 shows a comparison of grain diameter dispersions between 

Example 1 and Comparative Examples 2, 6. Fig. 18 shows a comparison of magnetic 

anisotropy constants between Example 1 and Comparative Examples 2, 6. Fig. 19A shows a 

magnetization curve of sample number = 1-3 in Example 1. Fig. 19B shows a magnetization 

curve of sample number = 10-3 in Comparative Example 6. 

[0144] [Table 17] 
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[0145] [9-2] As to average grain diameter and grain diameter dispersion in the cases where 

ZrO2  is used as X in second seed layer  

 An average grain diameter of crystal grains of a magnetic recording layer in the case 

where TiN-ZrO2  is used as a second seed layer decreases as compared with the sample without 

addition of ZrO2  (Comparative Example 2) as shown with squares in Fig. 16. The average 

grain diameter decreases in line with the increase in ZrO2  addition amount up to a ZrO2  

addition amount of 50 vol%, and becomes constant in around 7.6 to 7.8 nm at 50 vol% or more. 

The tendency of decrease is similar to the case (Example 1) where TiN-Al2 O3  is used as the 

second seed layer, but the decrease amount is smaller. 

[0146] A grain diameter dispersion decreases by adding ZrO2  as compared with the case 

without the addition, as shown with squares in Fig. 17 and in Table 17, but the decrease amount 

is smaller as compared with the case (Example 1) where TiN-Al2 O3  is used as the second seed 

layer, as shown with circles in Fig. 17. Moreover, although the grain diameter dispersion 

decreases in line with the increase in a ZrO2  addition amount, the grain diameter dispersion is 

3.1 nm even if the addition reaches 60 vol%. The grain diameter dispersion does not become 

less than 3 nm that is a reference for an application to a magnetic recording medium. This 

means that it cannot be applied as a magnetic recording medium. 

[0147] [9-3] As to magnetic property in the case where ZrO2  is used as X in second seed layer  

 A magnetic anisotropy constant of a magnetic recording layer in the case where TiN-

ZrO2  is used as a second seed layer deteriorates by adding ZrO2  and has fallen below 1.0 × 

107  erg/cm3 , as shown with squares in Fig. 18 and in Table 17. This means that it cannot be 

used as a magnetic recording medium. 

[0148] Moreover, as shown in Fig. 19A, a magnetization curve in the case (Example 1) where 

TiN-Al2 O3  is used as the second seed layer gives a coercive force of 20 kOe, which is equal 

to or more than the coercive force of 15 kOe that is a reference for an application to a magnetic 

recording medium. On the other hand, as shown in Fig. 19B, a magnetization curve in the case 

(Comparative Example 6) where TiN-ZrO2  is used as the second seed layer gives a coercive 

force of only around 1 kOe. This means that it cannot be applied as a magnetic recording 

medium. 

[0149] [10] Consideration of TiN-X of second seed layer 
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 To form a magnetic recording layer into a good granular structure, it is necessary that 

TiN crystal grains and a grain boundary material X coexist in the second seed layer. Therefore, 

preferably TiN and X have lower reactivity with each other. Upon considering the reactivity 

between TiN and X, substrate temperature (from 20°C to 600°C) in the deposition of the second 

seed layer and substrate temperature (from 300°C to 600°C) in the deposition of the magnetic 

recording layer were taken into consideration, and standard Gibbs energy of formation at 500°C 

(expressed as ΔG5 0 0 ) was examined. 

[0150] In Table 18, standard Gibbs energies of formation ΔG5 0 0  of a nitriding reaction and 

oxidation reaction of various metal elements at 500°C are shown. Here, Si and B were also 

examined as metal elements. 

[0151] [Table 18] 
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[0152] In the case where X in TiN-X is a metal oxide, in view of Gibbs free energies ΔG5 0 0 s 

at 500°C, a metal oxide, which contains a metal element whose ΔG5 0 0  of a nitriding reaction 

is higher than ΔG5 0 0  of a nitriding reaction of Ti, is preferable. As a consequence, nitrogen 

deficiency of a TiN crystal is not generated. 

[0153] Moreover, a metal oxide, which contains a metal element whose ΔG5 0 0  of an oxidation 

reaction is lower than ΔG5 0 0  of an oxidation reaction of Ti, is preferable. As a consequence, a 

defect due to oxidation of a part of a TiN crystal is not generated. 

[0154] X in TiN-X has preferably at least one or more consisting of Al2 O3  (Example 1), MgO 

(Example 2), CaO, Sc2 O3 , SrO and Y2 O3  as a main component, which are metal oxides 

composed of a metal element having higher ΔG5 0 0  of a nitriding reaction than Ti and lower 

ΔG5 0 0  of an oxidation reaction than Ti in Table 18. 

[0155] On the other hand, in ZrO2  (Comparative Example 1) and HfO2 , ΔG5 0 0  of a nitriding 

reaction of a metal element contained in the oxides is lower than the energy of a nitriding 

reaction of Ti. Therefore, it is considered that nitrogen is taken from a TiN crystal to thereby 

generate a defect in the TiN crystal, which is unfavorable. 

[0156] Moreover, in SiO2 , B2 O3 , Ta2 O5  and Co3 O4 , ΔG5 0 0  of an oxidation reaction of a 

metal element contained in the oxides is higher than ΔG5 0 0  of an oxidation reaction of Ti. 

Therefore, it is believed that oxygen is supplied to a TiN crystal, and that a defect due to 

oxidation of a part of the TiN crystal may be generated, which is unfavorable. 

[0157] In TiN-X of a second seed layer, the cases of X = Al2 O3  or MgO did not deteriorate a 

magnetic property of an FePt layer, but in the case of X = ZrO2  a magnetic property 

deteriorated. The reason of this is considered that a defect was generated in a TiN crystal by 

ZrO2  and that crystallinity of heteroepitaxially grown FePt crystals became worse. 

[0158] In Table 19, standard Gibbs energies of formation ΔG5 0 0  of a nitriding reaction and 

carbonization reaction of Ti at 500°C are shown. 

[0159] As shown in Table 19, TiN has lower ΔG5 0 0  and is more stable than TiC. In TiN-X of 

a second seed layer, X = C also does not generate a defect in a TiN crystal. It is considered that, 

therefore, X = C (Example 3) also provided an effect similar to X = Al2 O3  (Example 1) and X 

= MgO (Example 2). 

[0160] [Table 19] 
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[0161] [11] Summary 

 In these Examples, on the Ru-TiO2  grain diameter control layer 2, and on the MgO/ 

ZnO first seed layer 3, the TiN-X second seed layer 4 was formed, and the FePt-C magnetic 

recording layer 5 was formed. 

[0162] When the magnetic recording layer 5 is deposited directly on the first seed layer 3, an 

average grain diameter and grain diameter dispersion become large. Wettability between MgO 

crystal grains of the upper first seed layer 3b and FePt crystal grains of the magnetic recording 

layer 5 is bad. Therefore, an FePt crystal grain is not adequately formed on a MgO crystal grain. 

As a result, there is generated a part in which an FePt crystal grain is formed straddling a MgO 

crystal grain, and an average grain diameter and grain diameter dispersion of the magnetic 

recording layer 5 become large. 

[0163] Consequently, on the first seed layer 3, the second seed layer 4 using TiN crystal grains 

having good wettability with an FePt crystal grain was formed, and then the magnetic recording 

layer 5 was deposited. However, when the second seed layer 4 was formed using TiN alone, 

grains were formed while straddling a grain boundary of TiN crystal grains. The reason of this 

is that wettability between the TiN crystal grain and the FePt crystal grain is good, and the FePt 

crystal grain has spread. On the other hand, when the second seed layer 4 was formed with 

TiN-X (X = Al2 O3  or MgO), the spread of the FePt crystal grain was suppressed and, as a 

consequence, the grain structure of the grain diameter control layer was taken over. Therefore, 

it became possible to form an FePt granular magnetic recording layer with a minute average 

grain diameter and suppressed grain diameter dispersion. 

[0164] By forming the first seed layer, and the second seed layer 4 composed of TiN-X on the 

grain diameter control layer 2 having a granular structure, the magnetic recording layer 5 

became a granular structure taking over the granular structure of the grain diameter control 

layer 2. It was confirmed that, as a result, effects were exhibited on causing the grain diameter 
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to be minute and reducing the grain diameter dispersion in the granular structure of the 

magnetic recording layer 5. As a consequence of the grain diameter control layer 2 and the non-

magnetic intermediate layer 8 having a granular structure, crystal grains that are minute with a 

reduced grain diameter dispersion are obtained also in the first seed layer 3. Thus, it is a result 

that X in the second seed layer 4 is actively segregated to the grain boundary of TiN crystal 

grains. 

[0165] More preferably, as a consequence of the grain diameter control layer 2 and the non-

magnetic intermediate layer 8 having the granular structure, crystal grains that are minute with 

a reduced grain diameter dispersion are obtained also in the first seed layer 3. Thus, it is a result 

that the second seed layer 4 has a granular structure composed of crystal grains composed of 

TiN and a grain boundary material X surrounding the circumference of the TiN crystal grain. 

As a consequence of the second seed layer 4 having the granular structure composed of crystal 

grains composed of TiN and the grain boundary material X surrounding the circumference of 

the TiN crystal grain, the magnetic recording layer 5, which is formed thereon and has crystal 

grains composed of an ordered alloy such as FePt, has a granular structure taking over the 

granular structure of the second seed layer 4. Eventually the magnetic recording layer 5, takes 

over the granular structure of the grain diameter control layer 2. Therefore, a magnetic 

recording layer with a minute average grain diameter and a suppressed grain diameter 

dispersion can be formed. TiN-X mediates the granular structure of the grain diameter control 

layer 2 to the granular structure of the magnetic recording layer. As the result, the average grain 

diameter and grain diameter dispersion of magnetic crystal grains of the magnetic recording 

layer 5 can be suppressed. 

 

Reference Signs List 

[0166] 1: substrate 

 2: grain diameter control layer  

 3: first seed layer 

 4: second seed layer 

 5: magnetic recording layer  

 6: adhesion layer  
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 7: orientation control layer  

 8: non-magnetic intermediate layer  

 10: magnetic recording medium  
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CLAIMS 

1. A magnetic recording medium, comprising 

a substrate, a grain diameter control layer, a first seed layer, a second seed layer, and 

a magnetic recording layer containing an ordered alloy disposed in this order, wherein 

the second seed layer is composed of 

crystal grains having TiN as a main component, and 

a grain boundary material having at least one or more selected from the group 

consisting of a metal oxide and carbon as a main component 

further comprising a non-magnetic intermediate layer between the grain diameter 

control layer and the first seed layer, wherein 

the non-magnetic intermediate layer has a granular structure containing Pt crystal 

grains, or Pt crystal grains and at least one selected from the group consisting of oxides, carbon, 

carbides and nitrides, surrounding the Pt crystal grain. 

 

2. The magnetic recording medium according to claim 1, wherein, when the grain 

boundary material is a metal oxide and, ΔG500 is defined as a standard Gibbs energy of 

formation at 500°C, the grain boundary material is selected from materials such that ΔG500 of 

a nitride that is formed through a reaction between a metal element in the metal oxide and 

nitrogen is higher than ΔG500 of TiN. 

 

3. The magnetic recording medium according to claim 1, wherein, when the grain 

boundary material is a metal oxide and, ΔG500 is defined as a standard Gibbs energy of 

formation at 500°C, the grain boundary material is selected from materials such that ΔG500 of 

an oxide that is formed through a reaction between a metal element in the metal oxide and 

oxygen is lower than ΔG500 of TiO2. 

 

4. The magnetic recording medium according to claim 1, wherein the grain boundary 

material is at least one or more selected from the group consisting of Al2O3, MgO, CaO, Sc2O3, 

SrO and Y2O3. 
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5. The magnetic recording medium according to claim 1, wherein the grain boundary 

material is in 5 volume % or more and less than 50 volume % of the total amount of crystal 

grains having TiN as the main component and the grain boundary material. 

 

6. The magnetic recording medium according to claim 1, wherein the second seed layer 

has a granular structure composed of crystal grains having TiN as the main component and the 

grain boundary material surrounding a circumference of the crystal grain having TiN as the 

main component. 

 

7. The magnetic recording medium according to claim 1, wherein the magnetic recording 

layer contains at least one first element selected from the group consisting of Fe and Co, and 

at least one second element selected from the group consisting of Pt, Pd, Au, Ir, Ru and Rh. 

 

8. The magnetic recording medium according to claim 1, wherein the first seed layer 

includes a lower first seed layer and an upper first seed layer in this order. 

 

9. The magnetic recording medium according to claim 1, wherein the grain diameter 

control layer has a granular structure containing Ru crystal grains and at least one selected from 

the group consisting of oxides, carbides and nitrides surrounding the Ru crystal grains. 

 

10. The magnetic recording medium according to claim 1, further comprising an 

orientation control layer formed from Ru or a Ru alloy between the substrate and the grain 

diameter control layer.  
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