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DESCRIPTION 

 

METHOD FOR MANUFACTURING MAGNETIC RECORDING MEDIUM 

 

Technical Field 

[0001] The invention some constitutional examples o f which 

are described in the specification relates to a met hod for 

manufacturing a magnetic recording medium.  Particu larly, it 

relates to a method for manufacturing a magnetic re cording 

medium which is used in a hard disc magnetic record ing device 

(HDD).  More particularly, it relates to a method f or 

manufacturing a magnetic recording medium suitable to use in 

a heat-assisted magnetic recording system. 

 

Background Art 

[0002] Perpendicular magnetic recording system is a dopted 

as a technique for increasing the magnetic recordin g density.  

A perpendicular magnetic recording medium at least comprises 

a non-magnetic substrate, and a magnetic recording layer formed 

of a hard-magnetic material.  Optionally, the perpe ndicular 

magnetic recording medium may further comprise: a s oft-magnetic 

backing layer formed of a soft magnetic material an d playing 

a role in concentrating the magnetic flux generated  by a 

magnetic head onto the magnetic recording layer; a base layer 

for orienting the hard-magnetic material in the mag netic 

recording layer in an intended direction; a protect ive layer 
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for protecting the surface of the magnetic recordin g layer; and 

the like. 

[0003] It is proposed to use a granular magnetic ma terial 

to form the magnetic recording layer in the magneti c recording 

medium, in order to obtain favorable magnetic prope rties.  The 

granular magnetic material comprises magnetic cryst al grains 

and a non-magnetic body segregated to surround the magnetic 

crystal grains.  Magnetic crystal grains within the  granular 

magnetic material are magnetically separated from e ach other 

by the non-magnetic body. 

[0004] For the purpose of further increasing the re cording 

density of perpendicular magnetic recording medium,  an urgent 

need for reduction in the grain diameter of the mag netic crystal 

grains in the granular magnetic material arises in recent years.  

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

magnetic crystal grains leads to a decrease in ther mal stability 

of the recorded magnetization (signals).  In order to 

compensate for the decrease in thermal stability du e to the 

reduction in the grain diameters of the magnetic cr ystal grains, 

the magnetic crystal grains in the granular magneti c material 

need to be formed of a material with higher magneto crystalline 

anisotropy.  One of proposed materials having the r equired 

higher magnetocrystalline anisotropy is L1 0 type ordered alloys.  

Typical L1 0 type ordered alloys include FePt, CoPt, FePd, CoPd , 

and the like. 

[0005] Excellent crystalline orientation of the L1 0 type 

ordered alloys is necessary to achieve the higher 
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magnetocrystalline anisotropy with the L1 0 type ordered alloys.  

As a method for forming a thin film of the L1 0 type ordered alloy 

having excellent crystalline orientation at a low s ubstrate 

temperature, Japanese Patent Laid-Open No. 2010-503 139 

describes the method comprising the steps of: depos iting a lower 

layer consisting of a Cr-based alloy of (002) orien tation onto 

a substrate; depositing a buffer layer of (002) ori entation onto 

the lower layer, and depositing an FePt magnetic re cording layer 

onto the buffer layer at a substrate temperature lo wer than 

400°C, wherein the buffer layer comprises MgO or Sr TiO 3, the 

thickness of the buffer layer is from 2 nm to 8 nm,  and the lattice 

misfit between the lower layer and the magnetic rec ording layer 

is from 3% to 10% (see PTL1).  Here, the buffer lay er comprising 

MgO is deposited at room temperature or at a substr ate 

temperature from 30°C to 300°C.  However, there is no 

description about the relationship between the subs trate 

temperature when depositing the buffer layer and th e crystal 

axis orientation dispersion of the magnetic recordi ng layer, 

at all. 

[0006] Besides, International Patent Publication No . WO 

2011/021652 proposes a method for forming a magneti c recording 

layer consisting of an L1 0 type ordered alloy onto a base layer 

which consists of a first layer consisting of an am orphous alloy, 

a second layer consisting of a Cr alloy having a bo dy-centered 

cubic (bcc) structure, and a third layer consisting  of MgO (see 

PTL2).  The purpose of this proposal is to decrease  the particle 

diameter of the magnetic crystal grains in the magn etic 
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recording layer consisting of the L1 0 type ordered alloy by 

reducing the crystalline particle diameter of the s econd layer 

consisting of the Cr alloy.  The third layer consis ting of MgO 

prevents the atoms constituting the Cr alloy of the  second layer 

from migrating into the magnetic recording layer co nsisting of 

the L1 0 type ordered alloy in the case where the substrate  

temperature when forming the magnetic recording lay er is higher 

than 350°C.  There is no description about the rela tionship 

between the substrate temperature when forming the third layer 

consisting of MgO and the crystal axis orientation dispersion 

of the magnetic recording layer formed thereon, at all. 

[0007] On the other hand, reduction in the sizes of  the 

magnetic crystal grains means reduction in the cros s-sectional 

areas of the crystal magnetic grains having a certa in height, 

since the thickness of the magnetic recording layer  is basically 

uniform in in-plane directions of the medium.  As a  result, a 

diamagnetic field acting on the magnetic crystal gr ains 

themselves decreases, whereas a magnetic field requ ired 

reversing the magnetization of the magnetic crystal  grains 

(magnetic switching field) increases.  As described  above, the 

improvement of the recording density implies that a  larger 

magnetic field is required for recording signals, i n view of 

the shape of the magnetic crystal grains. 

[0008] Energy-assisted magnetic recording systems s uch as 

a heat-assisted recording system or a microwave-ass isted 

recording system have been proposed as the other me ans against 

the problem of increase in the magnetic field stren gth required 
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for recording (see NPL1).  The heat-assisted record ing system 

utilizes the temperature dependence of the magnetic  anisotropy 

constant (Ku) of a magnetic material, which is a ch aracteristic 

where the higher the temperature, the lower the Ku.   This system 

uses a head having a function to heat a magnetic re cording layer.  

That is, writing is conducted while the temperature  of the 

magnetic recording layer is raised to temporarily r educe the 

Ku and thereby reducing the magnetic switching fiel d.  The 

recorded signals (magnetization) can be maintained stably, 

since the Ku returns its original high value after the 

temperature of the magnetic recording layer drops.  In the 

application of the heat-assisted system, it is nece ssary to 

design a magnetic recording layer, taking its tempe rature 

characteristics into consideration in addition to t he 

conventional design guidelines. 
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Summary of Invention 

Technical Problem 

[0011] The problem to be solved by the invention so me 

constitutional examples of which are described in t he 

specification is to provide a method for manufactur ing a 

magnetic recording medium comprising a magnetic rec ording layer 

having a larger magnetic anisotropy constant Ku. 

 

Solution to Problem 

[0012] 

 The method for manufacturing a magnetic recording medium 

according to one constitutional example of the pres ent 

invention comprises the steps of: (a) preparing a s ubstrate; 

(b) heating the substrate to a temperature of 350°C  or higher, 

and depositing a non-magnetic material comprising M gO as a main 

component to form a base layer; and (c) forming a m agnetic 

recording layer onto the base layer.  Here, the met hod may 

further comprise the step of (b') depositing Cr met al or an alloy 

having a bcc structure and comprising Cr as a main component, 

to form a second base layer, prior to the step (b).   Further, 

it is preferable to deposit a material for forming an ordered 
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alloy, in the step (c).  Further, it is preferable to deposit 

a magnetic material for forming magnetic crystal gr ains and a 

non-magnetic material for forming a non-magnetic gr ain boundary 

which surrounds the magnetic crystal grains, in the  step (c). 

 

Advantageous Effects of Invention 

[0013] By adopting the above-described configuratio n, it 

becomes possible to decrease the crystal axis orien tation 

dispersion, arithmetic average roughness Ra, and ma ximum height 

Rz of the base layer onto which the magnetic record ing layer 

is formed, and thereby decreasing the crystal axis orientation 

dispersion of the magnetic recording layer and incr easing the 

magnetic anisotropy constant Ku of the magnetic rec ording layer.  

The magnetic recording medium manufactured by the 

above-described manufacturing method is suitable to  use it in 

energy-assisted recording systems. 

 

Brief Description of Drawings 

[0014] 

 [Fig. 1] Fig. 1 is a cross-sectional diagram showi ng 

a configuration example of the magnetic recording m edium 

obtained by the manufacturing method according to o ne 

constitutional example of the present invention; 

 [Fig. 2] Fig. 2 is a cross-sectional diagram showi ng 

another configuration example of the magnetic recor ding medium 

obtained by the manufacturing method according to a nother 

constitutional example of the present invention; 
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 [Fig. 3] Fig. 3 is a graphical representation show ing 

the relationship between the crystal axis orientati on 

dispersion of the base layer obtained in Experiment al Example 

A and the substrate temperature when forming the ba se layer; 

 [Fig. 4A] Fig. 4A is an atomic force microscopic ( AFM) 

image of the base layer formed at a surface tempera ture of 250°C, 

in Experimental Example A; 

 [Fig. 4B] Fig. 4B is an AFM image of the base laye r formed 

at a surface temperature of 300°C, in Experimental Example A; 

 [Fig. 4C] Fig. 4C is an AFM image of the base laye r formed 

at a surface temperature of 350°C, in Experimental Example A; 

 [Fig. 4D] Fig. 4D is an AFM image of the base laye r formed 

at a surface temperature of 400°C, in Experimental Example A; 

 [Fig. 5] Fig. 5 is a graphical representation show ing 

the relationship between the crystal axis orientati on 

dispersion of the magnetic recording layer obtained  in Examples 

1 and 2 and the substrate temperature when forming the base 

layer; and 

 [Fig. 6] Fig. 6 is a graphical representation show ing 

the relationship between the magnetic anisotropy co nstant of 

the magnetic recording layer obtained in Examples 1  and 2 and 

the substrate temperature when forming the base lay er. 

 

Description of Embodiments 

[0015] The method for manufacturing a magnetic reco rding 

medium according to one constitutional example of t he present 

invention comprises the steps of: (a) preparing a s ubstrate; 
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(b) heating the substrate to a temperature of 350°C  or higher, 

and depositing a non-magnetic material comprising M gO as a main 

component to form a base layer; and (c) forming a m agnetic 

recording layer onto the base layer.  Fig. 1 shows a 

cross-sectional diagram of the magnetic recording m edium 

obtained by the above-described method, the medium comprising 

non-magnetic substrate 10, base layer 40, and magne tic 

recording layer 50. 

[0016] The "substrate" prepared in the step (a) inc ludes 

the non-magnetic substrate 10.  Alternatively, lami nated 

article in which layers commonly known in the art, such as an 

adhesive layer, a soft-magnetic backing layer, a he at sink layer, 

a seed layer, and the like, are formed on the non-m agnetic 

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

Fig. 2 shows a cross-sectional diagram of the magne tic recording 

medium comprising the non-magnetic substrate 10, th e adhesive 

layer 20, the seed layer 30, second base layer 40b,  the base 

layer 40, the magnetic recording layer 50, and prot ective layer 

60.  In the constitution shown in Fig. 2, the parti al structure 

consisting of the non-magnetic substrate 10, the ad hesive layer 

20, and the seed layer 30 is considered as the "sub strate" in 

the step (a).  The second base layer 40b will be ex plained later. 

[0017] The non-magnetic substrate 10 may be various  

substrates having a flat surface.  For example, the  

non-magnetic substrate 10 may be formed of material  commonly 

used in magnetic recording media.  The useful mater ial includes 
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NiP-plated Al alloy, monocrystalline MgO, MgAl 2O4, SrTiO 3, 

tempered glass, crystallized glass, and the like. 

[0018] The adhesive layer 20 that may be formed opt ionally 

is used for enhancing the adhesion between the laye r formed on 

the adhesive layer 20 and the layer formed under th e adhesive 

layer 20.  The layer formed under the adhesive laye r 20 includes 

the non-magnetic substrate 10.  The material for fo rming the 

adhesive layer 20 includes a metal such as Ni, W, T a, Cr or Ru, 

or an alloy containing the above-described metal.  The adhesive 

layer may be a single layer or have a laminated str ucture with 

a plurality of layers. 

[0019] The soft-magnetic backing layer (not shown) that may 

be formed optionally controls the magnetic flux emi tted from 

a magnetic head, to improve the read-write characte ristics of 

the magnetic recording medium.  The material for fo rming the 

soft-magnetic backing layer includes: a crystalline  material 

such as an NiFe alloy, a sendust (FeSiAl) alloy, or  a CoFe alloy; 

a microcrystalline material such as FeTaC, CoFeNi o r CoNiP; and 

an amorphous material including a Co alloy such as CoZrNb or 

CoTaZr.  The optimum thickness of the soft-magnetic  backing 

layer depends on the structure and characteristics of the 

magnetic head used in magnetic recording.  When for ming the 

soft-magnetic backing layer continuously with other  layers, the 

soft-magnetic backing layer preferably has a thickn ess in a 

range from 10 nm to 500 nm (both inclusive), in vie w of 

productivity. 
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[0020] When using the magnetic recording medium in a 

heat-assisted magnetic recording system, a heat sin k layer (not 

shown) may be provided.  The heat sink layer is a l ayer for 

effectively absorbing excess heat of the magnetic r ecording 

layer 50 that is generated during heat-assisted mag netic 

recording.  The heat sink layer can be formed of a material 

having a high thermal conductivity and a high speci fic heat 

capacity.  Such material includes a Cu simple subst ance, an Ag 

simple substance, an Au simple substance, or an all oy material 

composed mainly of these substances.  As used herei n, the 

expression "composed mainly of" means that the cont ent of the 

concerned material is 50 % by weight or more.  In c onsideration 

of its strength or the like, the heat sink layer ca n be formed 

of an Al-Si alloy, a Cu-B alloy or the like.  Furth er, the 

function of concentrating the perpendicular magneti c field 

generated by the head, which is the function of the  

soft-magnetic backing layer, can be imparted to the  heat sink 

layer by forming the heat sink layer of a sendust ( FeSiAl) alloy, 

a soft-magnetic CoFe alloy, or the like.  The optim um thickness 

of the heat sink layer depends on the amount and di stribution 

of heat generated during heat-assisted magnetic rec ording, as 

well as the layer configuration of the magnetic rec ording medium 

and the thickness of each constituent layer.  When forming the 

heat sink layer continuously with other constituent  layers, the 

heat sink layer preferably has a thickness of 10 nm  or more and 

100 nm or less, in view of the productivity.  The h eat sink layer 

can be formed by any process known in the art, such  as a 
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sputtering method or a vacuum deposition method.  I n the present 

specification, the term "sputtering method" include s any 

technique known in the art, such as a DC magnetron sputtering 

method and RF magnetron sputtering method.  Normall y, the heat 

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

layer can be formed directly under the adhesive lay er 20, the 

soft-magnetic backing layer, the seed layer 30, or the like, 

in view of properties required for the magnetic rec ording 

medium. 

[0021] The seed layer 30 is a layer provided for th e purpose 

of preventing the crystalline structure of the laye r formed 

below from affecting the crystalline orientation an d the size 

of the magnetic crystal grains in the magnetic reco rding layer 

50.  In the case where the soft-magnetic backing la yer is 

provided, the seed layer 30 needs to be non-magneti c, in order 

to prevent the magnetic influence on the soft-magne tic backing 

layer.  The material for forming the seed layer 30 includes 

oxides such as MgO or SrTiO 3, nitrides such as TiN, metals such 

as Cr or Ta, a NiW alloy, and Cr-based alloys such as CrTi, CrZr, 

CrTa, and CrW.  The seed layer 30 can be formed by any process 

known in the art, such as a sputtering method. 

[0022] Next, the base layer 40 is formed by deposit ing a 

non-magnetic material comprising MgO as a main comp onent, in 

the step (b).  The base layer 40 is a layer for con trolling the 

crystalline orientation of the magnetic recording l ayer which 

is in contact with the base layer 40, while ensurin g adhesion 

between the seed layer 30 and the magnetic recordin g layer 50.  
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As used herein, the "non-magnetic material comprisi ng MgO as 

a main component" means a material comprising 50% b y weight or 

more of MgO.  The non-magnetic material can be depo sited by any 

process known in the art, such as a sputtering meth od. 

[0023] The substrate is heated to a temperature of 350°C 

or higher, when forming the base layer.  The heatin g temperature 

of the substrate is preferably in a range from 350° C to 450°C, 

in view of the factors such as thermal stability of  the substrate 

and the layers which have been formed, variation in  crystalline 

structures of the layers which have been formed, an d inhibition 

of thermomigration.  By forming the base layer 40 a t the 

temperature in the above-described range, it become s possible 

to reduce the crystal axis orientation dispersion o f the base 

layer 40, and to reduce the arithmetic average roug hness Ra and 

the maximum height Rz of the surface of the base la yer 40.  

Besides, in the present specification, the arithmet ic average 

roughness Ra and maximum height Rz are determined b y observation 

of measurement area of 1 µm by 1 µm by AFM. 

[0024] Reduction in the crystal axis orientation 

dispersion of the base layer 40 means that the depo sited 

non-magnetic material has a high crystal axis orien tation.  

Reduction in the crystal axis orientation dispersio n of the base 

layer 40 and reduction in the arithmetic average ro ughness Ra 

of the surface of the base layer 40 are effective t o improve 

crystal axis orientation of the magnetic recording layer 50 that 

is formed on the base layer 40.  Especially in the case where 

the magnetic recording layer 50 comprises an ordere d alloy, the 
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reduction in the crystal axis orientation dispersio n of the base 

layer 40 and the reduction in the arithmetic averag e roughness 

Ra of the surface of the base layer 40 contribute t o improvement 

in the degree of order of the ordered alloy.  Furth er, reduction 

in the maximum height Rz of the surface of the base  layer make 

it possible to decrease the flying height of the ma gnetic head 

to improve the magnetic recording density, when uti lizing the 

finally obtained magnetic recording medium. 

[0025] Next, the magnetic recording layer 50 is for med onto 

the base layer 40, in the step (c). 

[0026] The magnetic recording layer 50 may comprise  an 

ordered alloy.  The ordered alloy may be alloys com prising at 

least one element selected from the group consistin g of Fe and 

Co, and at least one element selected from the grou p consisting 

of Pt, Pd, Au and Ir.  Preferable ordered alloy inc ludes L1 0 

type ordered alloys selected from the group consist ing of FePt, 

CoPt, FePd and CoPd.  The ordered alloy may further  comprise 

at least one element selected from the group consis ting of Ni, 

Mn, Cr, Cu, Ag, Au and Cr, for modification of prop erties.  

Desirable modification of properties includes reduc tion in the 

temperature required for ordering of the L1 0 type ordered alloy. 

[0027] Alternatively, the magnetic recording layer 50 may 

have a granular structure consisting of magnetic cr ystal grains 

and a non-magnetic grain boundary which surrounds t he magnetic 

crystal grains.  The magnetic crystal grains may co mprise the 

above-described ordered alloy.  The non-magnetic gr ain 

boundary may comprise oxides such as SiO 2, TiO 2, and ZnO, 
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nitrides such as SiN and TiN, carbon (C), boron (B) , and the 

like. 

[0028] Further, the magnetic recording layer 50 may  

comprise a plurality of magnetic layers.  Each of t he magnetic 

layers may have a non-granular structure or the gra nular 

structure.  The magnetic recording layer 50 may hav e an 

exchange-coupled composite (ECC) structure, in whic h bonding 

layer such as Ru is deposited so as to be sandwiche d between 

the magnetic layers.  Further, a second magnetic la yer as a 

continuous layer not including a granular structure  (CAP layer) 

is formed over a magnetic layer having the granular  structure. 

[0029] The magnetic recording layer 50 can be forme d by 

depositing given materials by a sputtering method.  When 

forming the magnetic recording layer comprising the  ordered 

alloy, targets comprising a material for constituti ng the 

ordered ally can be used.  More particularly, a tar get 

comprising the elements for constituting the ordere d alloy at 

a predetermined ratio can be used.  Alternatively, the magnetic 

recording layer 50 may be formed by using a plurali ty of targets 

each of which comprises a single element, and adjus ting electric 

powers applied to the respective targets to control  the ratio 

among the elements.  When forming the magnetic reco rding layer 

50 having a granular structure, it is possible to u se a target 

comprising a material for constituting the magnetic  crystal 

grains and a material for constituting the non-magn etic grain 

boundary at a predetermined ratio.  Alternatively, the 

magnetic recording layer 50 may be formed by using a target 
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comprising a material for constituting the magnetic  crystal 

grains and a target comprising a material for const ituting the 

non-magnetic grain boundary, and adjusting electric  powers 

applied to the respective targets to control the co nstitutional 

ratio between the magnetic crystal grains and the n on-magnetic 

grain boundary.  Here, when constituting the magnet ic crystal 

grains of the ordered alloy, a plurality of targets , each of 

which separately comprises an element for constitut ing the 

ordered alloy, may be used. 

[0030] If the magnetic recording layer 50 comprises  the 

ordered alloy, heating of the substrate is involved  during 

formation of the magnetic recording layer 50.  In t his case, 

the substrate temperature is in a range from 350°C to 450°C.  

By adopting the substrate temperature within this r ange, it 

becomes possible to improve the degree of order of the ordered 

alloy in the magnetic recording layer 50. 

[0031] Optionally, the protective layer 60 may be f ormed 

onto the magnetic recording layer 50.  The protecti ve layer 60 

can be formed of a material that is conventionally used in the 

field of magnetic recording media.  Specifically, t he 

protective layer 60 can be formed of non-magnetic m etal such 

as Pt and Ta, a carbon-based material such as diamo nd-like 

carbon, or silicon-based material such as silicon n itride.  The 

protective layer 60 may be a single layer or have a  laminated 

structure.  The protective layer 60 of the laminate d structure 

may have a laminated structure of two types of carb on-based 

material having different characteristics from each  other, a 
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laminated structure of metal and a carbon-based mat erial, a 

laminated structure of two types of metals having d ifferent 

characteristics from each other, or a laminated str ucture of 

metallic oxide film and a carbon-based material, fo r example.  

The protective layer 60 can be formed by any proces s known in 

the art such as a sputtering method or a vacuum dep osition 

method. 

[0032] Further, optionally, a liquid lubricant laye r (not 

shown) may be formed onto the protective layer 60.  The liquid 

lubricant layer can be formed of a material convent ionally used 

in the field of magnetic recording media, for examp le, 

perfluoropolyether-based lubricants or the like.  T he liquid 

lubricant layer can be formed by a coating method, for example, 

a dip-coating method, a spin-coating method, or the  like. 

[0033] The method for manufacturing a magnetic reco rding 

medium according to the other constitutional exampl e of the 

present invention may further comprise the step of (b') 

depositing Cr metal or an alloy having a bcc struct ure and 

comprising Cr as a main component, to form a second  base layer 

40b, prior to the step (b).  The alloy having a bcc  structure 

and comprising Cr as a main component includes CrTi , CrZr, CrTa, 

CrW, and the like.  The second base layer 40b can b e formed by 

any process known in the art such as a sputtering m ethod or a 

vacuum deposition method.  The second base layer 40 b is 

effective to reduce the crystal axis orientation di spersion of 

the base layer 40, and thereby reducing the crystal  axis 

orientation dispersion of the magnetic recording la yer 50.  
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Deposition of Cr metal or the alloys comprising Cr as a main 

component can be achieved by any process known in t he art, such 

as sputtering. 

[0034] It is found that the crystal axis orientatio n 

dispersion of the second base layer 40b formed in t he step (b') 

is reduced by heating of the substrate in the subse quent step 

(b).  Here, the higher the heating temperature of t he substrate 

in the step (b), the lower the crystal axis orienta tion 

dispersion of the second base layer 40b.  Decrease in the 

crystal axis orientation dispersion of the second b ase layer 

40b attributes to decrease in the crystal axis orie ntation 

dispersion of the magnetic recording layer 50 and t o increase 

in the magnetic anisotropy constant Ku of the magne tic recording 

layer. 

 

[Examples] 

[0035] 

   (Experimental Example A) 

 A chemically strengthened glass substrate having a  flat 

surface (N-10 glass substrate manufactured by HOYA CORPORATION) 

was washed to prepare non-magnetic substrate 10.  T he washed 

non-magnetic substrate 10 was brought into an inlin e-type 

sputtering device.  Then, Ta adhesive layer 20 of a  thickness 

of 5 nm was formed by an RF magnetron sputtering me thod using 

a pure Ta target in Ar gas at a pressure of 0.20 Pa .  The 

substrate temperature was room temperature (25°C) w hen forming 
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the Ta adhesive layer 20.  The sputtering power was  200 W when 

forming the Ta adhesive layer 20. 

[0036] Next, MgO seed layer 30 of a thickness of 1 nm was 

formed by an RF magnetron sputtering method using a n MgO target 

in Ar gas at a pressure of 0.20 Pa.  The substrate temperature 

was room temperature (25°C) when forming the MgO se ed layer 30.  

The sputtering power was 600 W when forming the MgO  seed layer 

30. 

[0037] Next, Cr second base layer 40b of a thicknes s of 20 

nm was formed by an RF magnetron sputtering method using a pure 

Cr target in Ar gas at a pressure of 0.20 Pa.  The substrate 

temperature was room temperature (25°C) when formin g the Cr 

second base layer 40b.  The sputtering power was 60 0 W when 

forming the Cr second base layer 40b. 

[0038] Next, MgO base layer 40 of a thickness of 10  nm was 

formed by an RF magnetron sputtering method using a n MgO target 

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

was set to 25°C, 250°C, 300°C, 350°C, and 400°C, wh en forming 

the MgO base layer 40.  The sputtering power was 50 0 W when 

forming the MgO base layer 40. 

[0039] Laminated bodies thus obtained were analyzed  by an 

X-ray diffraction method.  As a result, a (002) Cr peak due to 

the Cr second base layer 40b and a (002) MgO peak d ue to the 

MgO base layer 40 were observed.  Then, the (002) C r peak and 

the (002) MgO peak were analyzed by a rocking curve  method, to 

obtain the crystal axis orientation dispersions ∆θ50 of the Cr 

second base layer 40b and the MgO base layer 40.  T he rocking 
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curving method is one of measuring techniques for X -ray 

diffraction, which determine angle of dispersion of  a 

predetermined crystalline face.  The measurement wa s carried 

out by altering an incident angle ( θ) while a detection angle 

(2 θ) was fixed.  The ∆θ50 was obtained as a full width at half 

maximum of the obtained peak.  The measurement resu lts were 

shown in Fig. 3 and Table 1. 

[0040] The arithmetic average roughness Ra and the maximum 

height Rz of the MgO base layer40, which was a topm ost layer 

of the obtained laminated bodies, were measured by an AFM.  In 

the measurement, the dimensions of a measurement ar ea were set 

to 1 µm by 1 µm.  Further, two measurement areas per sample were 

measured, and the arithmetic average roughness Ra a nd the 

maximum height Rz were determined as averages of th e measured 

value, respectively.  The measurement results were shown in 

Table 1.  In addition, the AFM images of the MgO ba se layers 

40 which were formed at the substrate temperatures of 250°C, 

300°C, 350°C, and 400°C were shown in Figs. 4A-4D, respectively. 

[0041] 
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  [Table 1] 

Table 1: Properties of the laminated bodies of Expe rimental 

Example A 

sample  substrate 

temperature 

when 

forming 

base layer 

(°C) 

crystal axis 

orientation 

dispersion ∆θ50 

(degree) 

arithmetic 

average 

roughness 

Ra 

(nm) 

maximum 

height 

Rz 

(nm) 

base 

layer 

second 

base 

layer 

A1 25 6.27 4.51 2.47 20.12 

A2 250 4.85 3.51 1.345 16.573 

A3 300 4.56 3.34 0.428 9.360 

A4 350 3.64 3.17 0.499 8.301 

A5 400 3.50 2.97 0.463 7.234 

 

[0042] From the results shown in Table 1 and Fig. 3 , it is 

understood that the crystal axis orientation disper sions ∆θ50 

of the MgO base layer 40 and the Cr second base lay er 40b are 

decreased with the rise in the substrate temperatur e during the 

formation of the MgO base layer 40.  This feature m eans 

improvement in the crystalline orientations of the MgO base 

layer 40 and the Cr second base layer 40b.  In addi tion, it is 

understood from the results shown in Table 1 that t he arithmetic 

average roughness Ra of the surface of the MgO base  layer 40 

decreases when the substrate temperature during for mation of 
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the MgO base layer 40 is 300°C or higher.  Further,  it is 

understood from the results shown in Figs. 4A-4D th at generation 

of irregular protrusions on the surface of the MgO base layer 

40 can be suppressed, when the substrate temperatur e during the 

formation of the MgO base layer 40 is 350°C or high er.  In Figs. 

4A-4D, regions with white appearance correspond to protrusions 

having a remarkably great height in comparison with  other 

regions.  Many irregular protrusions are observed o n the 

surface of the MgO base layer 40 shown in Fig. 4A, which has 

been formed at the substrate temperature of 250°C.  Several 

irregular protrusions are observed on the surface o f the MgO 

base layer 40 shown in Fig. 4B, which has been form ed at the 

substrate temperature of 300°C, although the freque ncy of 

occurrence is decreased.  On the contrary, no irreg ular 

protrusions are observed on the MgO base layers 40 shown in Figs. 

4C and 4D, which have been formed at the substrate temperatures 

of 350°C and 400°C, respectively.  This result is a lso 

corroborated by the measurement results of the maxi mum height 

Rz shown in Table 1. 

[0043] 

   (Experimental Example B) 

 A chemically strengthened glass substrate having a  flat 

surface (N-10 glass substrate manufactured by HOYA CORPORATION) 

was washed to prepare non-magnetic substrate 10.  T he washed 

non-magnetic substrate 10 was brought into an inlin e-type 

sputtering device.  Then, Ta adhesive layer 20 of a  thickness 

of 5 nm was formed by an RF magnetron sputtering me thod using 
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a pure Ta target in Ar gas at a pressure of 0.20 Pa .  The 

substrate temperature was room temperature (25°C) w hen forming 

the Ta adhesive layer 20.  The sputtering power was  200 W when 

forming the Ta adhesive layer 20. 

[0044] Next, MgO seed layer 30 of a thickness of 1 nm was 

formed by an RF magnetron sputtering method using a n MgO target 

in Ar gas at a pressure of 0.20 Pa.  The substrate temperature 

was room temperature (25°C) when forming the MgO se ed layer 30.  

The sputtering power was 600 W when forming the MgO  seed layer 

30. 

[0045] Next, Cr second base layer 40b of a thicknes s of 20 

nm was formed by an RF magnetron sputtering method using a pure 

Cr target in Ar gas at a pressure of 0.20 Pa.  The substrate 

temperature was room temperature (25°C) when formin g the Cr 

second base layer 40b.  The sputtering power was 60 0 W when 

forming the Cr second base layer 40b. 

[0046] Finally, thus obtained laminated bodies were  

post-heated for 50 minutes to a temperature of 300° C or 400°C.  

The crystal axis orientation dispersion ∆θ50 and the arithmetic 

average roughness Ra of the Cr second seed layer 40 b were 

measured according to the methods similar to those of 

Experimental Example A, in regard to an unheated la minated body 

(B1), a 300°C-post-heated laminated body (B2), and a 

450°C-post-heated laminated body (B3).  The measure ment 

results were shown in Table 2. 

[0047] 
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  [Table 2] 

Table 2: Properties of the laminated bodies of 

Experimental Example B 

Sample  Second Base Layer 

 Post- heating 

temperature 

(°C) 

Crystal axis 

orientation 

dispersion 

∆θ50 (deg.) 

Arithmetic 

average 

roughness 

Ra (nm) 

B1 - 5.19 0.207 

B2 300 4.18 0.222 

B3 450 2.88 0.167 

 

[0048] In comparison among the samples B1 to B3, it  has been 

understood that the crystal axis orientation disper sion ∆θ50 

of the Cr second base layer 40b can be reduced by p ost-heating 

the Cr second base layer 40b which has been formed at a room 

temperature.  Based on the results of the samples A 1-A5, it is 

understood that the effect of post-heating is obtai ned by 

heating the substrate when forming the MgO base lay er 40 onto 

the Cr second base layer.  In view of these results , it has been 

understood that heating the substrate when forming the MgO base 

layer 40 is effective in not only reducing the crys tal axis 

orientation dispersion ∆θ50 of the MgO base layer 40, but also 

reducing the crystal axis orientation dispersion ∆θ50 of the 

Cr second base layer 40b which has been already for med. 

[0049] 

  (Example 1) 
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 Laminated bodies consisting of the non-magnetic su bstrate 

10, the Ta adhesive layer 20, the MgO seed layer 30 , the Cr second 

base layer 40b, and the MgO base layer 40 was forme d by repeating 

the procedure of Experimental Example A, except tha t the 

substrate temperature when forming the MgO base lay er 40 was 

set to 25°C, 300°C, 350°C, 400°C, and 450°C, respec tively. 

[0050] Next, FePt magnetic recording layer 50 of a thickness 

of 10 nm was formed by an RF sputtering method usin g an FePt 

target in Ar gas at a pressure of 1.00 Pa.  The sub strate 

temperature was set to 350°C, when forming the FePt  magnetic 

recording layer 50.  The sputtering power was 300 W  when forming 

the FePt magnetic recording layer 50. 

[0051] Finally, protective layer 60, which had a la minated 

structure of a Pt film of a thickness of 5 nm and a  Ta film of 

a thickness of 5nm, was formed by an RF sputtering method using 

a Pt target and a Ta target in Ar gas at a pressure  of 0.18 Pa, 

to obtain magnetic recording media.  The substrate temperature 

was set to a room temperature (25°C), when forming the 

protective layer 60.  The sputtering power was 300 W when 

forming the Pt film and the Ta film. 

[0052] The obtained magnetic recording media were a nalyzed 

by an X-ray diffraction method.  As a result, a (00 1) FePt peak 

and a (002) FePt peak due to the FePt magnetic reco rding layer 

50 were observed.  Subsequently, crystal axis orien tation 

dispersion ∆θ50 was obtained by analyzing the (002) FePt peak 

by the rocking curve method.  The measurement resul ts were shown 

in Fig. 5 and Table 3. 
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[0053] Besides, the magnetic anisotropy constants K u of the 

obtained magnetic recording media were determined b y evaluating 

the dependence of spontaneous magnetization on the angle at 

which the magnetic field is applied, with a PPMS ap paratus 

(Physical Property Measurement System, manufactured  by Quantum 

Design, Inc.).  The determination of the magnetic a nisotropy 

constant Ku was in accordance with the method descr ibed in the 

publications of R. F. Penoyer, "Automatic Torque Ba lance for 

Magnetic Anisotropy Measurement", The Review of Sci entific 

Instruments, August 1959, Vol. 30, No. 8, pp. 711-7 14 and Soshin 

Chikazumi, "Physics of ferromagnetism Vol. II", Sho kabo Co., 

Ltd., pp. 10-21 (see NPL2 and NPL3).  The measureme nt results 

were shown in Fig. 6 and Table 3. 

[0054] 

  [Table 3] 

Table 3: Properties of the magnetic recording media  of 

Example 1 

Sample Substrate 

temperature 

when forming 

base layer 

(°C) 

Crystal axis 

orientation 

dispersion 

∆θ50 (deg.) 

Magnetic 

Anisotropy 

Constant 

Ku 

(x10 7erg/cc, 

J/cm 3) 

1 25 8.65 1.93 

2 300 6.58 2.25 

3 350 6.10 2.74 
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4 400 6.00 2.63 

5 450 5.22 2.88 

 

[0055] In comparison among the samples 1 to 5, it i s 

understood that the crystal axis orientation disper sion ∆θ50 

of the FePt magnetic recording layer, which is form ed on the 

MgO base layer 40, is reduced by raising the substr ate 

temperature when forming the MgO base layer 40 to 3 00°C or higher.  

It is considered that this feature is caused by dec rease in the 

crystal axis orientation dispersions ∆θ50 of the Cr second base 

layer 40b and the MgO base layer 40 and decrease in  the arithmetic 

average roughness Ra and the maximum height Rz of t he surface 

of the MgO base layer 40, due to the heating during  formation 

of the MgO base layer 40. 

[0056] In particular, it has been understood that t he 

magnetic anisotropy constant Ku of the FePt magneti c recording 

layer 50 becomes 2.5 × 10 7 erg/cc (2.5 J/cm 3) or larger by raising 

the substrate temperature when forming the MgO base  layer to 

350°C or higher.  This phenomenon corresponds to th e absence 

of irregular protrusions on the surface of the MgO base layer 

40 shown in Figs. 4C and 4D.  This feature makes it  possible 

to reduce the particle diameter of the magnetic cry stal grains 

in the FePt magnetic recording layer 50, and thereb y attributing 

improvement in the recording density of the obtaine d magnetic 

recording media.  Further, the absence of irregular  

protrusions on the surface of the MgO base layer 40  attributes 
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a further effect that the obtained magnetic recordi ng media 

exhibit superior flying properties of the magnetic head. 

[0057] 

   (Example 2) 

 Laminated bodies consisting of the non-magnetic su bstrate 

10, the Ta adhesive layer 20, the MgO seed layer 30 , the Cr second 

base layer 40b, and the MgO base layer 40 was forme d by repeating 

the procedure of Experimental Example A.  The subst rate 

temperature when forming the MgO base layer 40 was set to 25°C, 

300°C, 350°C, and 400°C, respectively. 

[0058] 

 Next, FePt-C magnetic recording layer 50 of a thic kness 

of 4 nm was formed onto the MgO base layer 40 by a co-sputtering 

method using an FePt target and a C target in Ar ga s at a pressure 

of 1.00 Pa.  The volume percentage of C was set to 30% by volume. 

The substrate temperature was set to 450°C, when fo rming the 

FePt-C magnetic recording layer 50.  The sputtering  power for 

the FePt target was 150 W, and the sputtering power  for the C 

target was 200 W, when forming the FePt-C magnetic recording 

layer 50. 

[0059] Finally, protective layer 60, which had a la minated 

structure of a Pt film of a thickness of 5 nm and a  Ta film of 

a thickness of 5 nm, was formed by an RF sputtering  method using 

a Pt target and a Ta target in Ar gas at a pressure  of 0.18 Pa, 

to obtain magnetic recording media.  The substrate temperature 

was set to a room temperature (25°C), when forming the 
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protective layer 60.  The sputtering power was 300 W when 

forming the Pt film and the Ta film. 

[0060] The crystal axis orientation dispersion ∆θ50 of the 

magnetic recording layer 50 and the magnetic anisot ropy 

constant Ku of the magnetic recording media were ev aluated by 

the same methods as those in Example 1.  The measur ement results 

were shown in Figs. 5 and 6, and Table 4. 

[0061] 

  [Table 4] 

Table 4: Properties of the magnetic recording media of 

Example 2 

Sample Substrate 

temperature 

when forming 

base layer 

(°C) 

Crystal axis 

orientation 

dispersion 

∆θ50 (deg.) 

Magnetic 

Anisotropy 

Constant 

Ku 

(x10 7erg/cc, 

J/cm 3) 

6 25 9.38 1.84 

7 300 8.35 1.90 

8 350 8.11 2.08 

9 400 7.46 2.10 

 

[0062] In comparison among the samples 6 to 9, it i s 

understood that, by raising the substrate temperatu re when 

forming the MgO base layer 40 to 350°C or higher, t he crystal 

axis orientation dispersion ∆θ50 of the FePt magnetic recording 

layer, which is formed on the MgO base layer 40, is  reduced and 
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the magnetic anisotropy constant Ku is increased, e ven when the 

magnetic recording layer has a granular structure. 

 

[Reference Signs List] 

[0063] 

10 Non-magnetic substrate 

20 Adhesive layer 

30 Seed layer 

40 Base layer 

40b Second base layer 

50 Magnetic recording layer 

60 Protective layer 
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CLAIMS 

 

[Claim 1] A method for manufacturing a magnetic rec ording 

medium comprising the steps of: 

(a) preparing a substrate; 

(b) heating the substrate to a temperature of 350°C  or higher 

and depositing a non-magnetic material comprising M gO as a main 

component, to form a base layer; and 

(c) forming a magnetic recording layer onto the bas e layer. 

 

[Claim 2] The method for manufacturing a magnetic r ecording 

medium according to Claim 1, further comprising the  step of: 

(b') depositing Cr metal or an alloy having a bcc s tructure 

and comprising Cr as a main component, to form a se cond base 

layer, 

prior to the step (b). 

 

[Claim 3] The method for manufacturing a magnetic r ecording 

medium according to Claim 1, wherein a material for  forming an 

ordered alloy is deposited in the step (c). 

 

[Claim 4] The method for manufacturing a magnetic r ecording 

medium according to Claim 1, wherein a magnetic mat erial for 

forming magnetic crystal grains and a non-magnetic material for 

forming a non-magnetic grain boundary which surroun ds the 

magnetic crystal grains are deposited in the step ( c). 
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[Claim 5] The method for manufacturing a magnetic r ecording 

medium according to Claim 4, wherein the magnetic m aterial 

comprises a material for forming an ordered alloy. 


