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(57) ABSTRACT 

A magnetic recording layer is formed on an under-layer 
comprising a Cu crystalline grain layer and a deposited 
nitrogen atom layer on the Cu crystalline grain layer surface. 
Then the magnetic recording layer comprising very small 
average grain diameter and sharp grain diameter distribution 
is obtained. The magnetic recording medium comprising the 
magnetic recording layer shoWs excellent signal to noise 
ratio at high density recording. 
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FIG. 10 
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MAGNETIC RECORDING MEDIUM, METHOD 
FOR MANUFACTURING RECORDING MEDIUM 
AND MAGNETIC RECORDING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent 
application Ser. No. 11/080,487, ?led on Mar. 16, 2005, 
Which is based upon and claims the bene?t of priority from 
the prior Japanese Patent Application No. 2004-090669, 
?led on Mar. 25, 2004; the entire contents of both of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to magnetic recording 
media, methods for manufacturing recording media and 
magnetic recording apparatus, in particular, to magnetic 
recording media having high recording density, methods for 
manufacturing the recording media and magnetic recording 
apparatus such as hard disk drives in Which the high-density 
recording media are equipped. 

[0004] 2. Description of the Related Art 

[0005] Hard disk drives (HDDs) have been expanding 
their application scope from the ?rst computer related appli 
cation to various other applications, such as home video 
recorder and car carrying navigation system applications as 
magnetic recording systems for recording and reproducing 
information. The expansion is due to their advantage such as 
high data access speed and high data storage reliability in 
addition to their high recording capacity, performance With 
loW cost. Requirements for HDDs having larger recording 
capacity have been increased With the expansion of the HDD 
application scope. Replying to the requirements, large 
capacity recording technology has been advanced by 
increasing recording density of the magnetic recording 
media. 

1. Field of the Invention 

[0006] With increasing recording density of the magnetic 
recording media of HDDs, the recording bit siZes and the 
diameters for the magnetiZation reversal units became very 
small. As the result, thermally decreasing phenomena of 
recorded signal magnetiZation and the recording and repro 
ducing performance by thermal ?uctuation effect caused by 
the very small magnetiZation reversal units became notable. 
Furthermore, noise signals Which appear at boundary 
regions betWeen recording bits became large as a result of 
decreasing recording bit to a very small siZe, and the noise 
became to give a large in?uences upon the signal to noise 
ratio. Therefore, in order to attain further high recording 
density, it is required to stabiliZe thermal stability of the 
recorded signal magnetiZation at one hand and to attain loW 
noise characteristics at high recording density at the other 
hand. 

[0007] To decrease magnetic recording medium noise, 
siZe of magnetic crystalline grains constructing recording 
layer have been made smaller up to noW. For example, 
magnetic crystalline grains of Co4Cr magnetic-layer of 
Widely used magnetic recording media Were made small by 
adding small amount of Ta or B (refer to Japanese Patent 
Laid-open Applications Nos. HEI 11-154321 and 2003 
338029), and by precipitating nonmagnetic Cr by heat 
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treating at appropriate temperature (refer to Japanese Patent 
Laid-open Applications Nos. HEI 3-235218, and HEI 
6-259764). Recently, a method for obtaining magnetic 
recording layer having so called granular structure obtained 
by adding oxides such as SiOX to the magnetic layer Was 
applied. In the granular structured magnetic layer, nonmag 
netic grain boundary material enclose magnetic crystalline 
grains (refer to Japanese Patent Laid-open Applications Nos. 
HEI 10-92637, and 2001-56922). 

[0008] These methods, hoWever, cannot control the crys 
talline grains of the magnetic-layer and the under-layer by 
going back to the nucleation processes for the crystalline 
grains of the under-layer and the magnetic recording layer. 
These methods control an average magnetic crystalline grain 
diameter and grain boundary regions merely by choosing 
combination of raW materials, the raW material composition, 
or by choosing of depositing conditions. When the crystal 
line grain diameters in the under-layer are tried to make 
smaller, the crystalline quality and crystal orientation degree 
of the grains in the under-layer are degraded, and the 
degraded crystalline quality of the under-layer grains gives 
in?uence upon the formation of magnetic crystalline grains. 

[0009] Actually it Was found that the magnetic-layer pre 
pared using this procedure shoWed distributions of broad 
grain siZe and grain boundary Width. Magnetic recording 
media decreasing the average grain siZe of the magnetic 
crystalline grains to 5 nm shoWed poor thermal ?uctuation 
durability. Very small grain diameter components unstable to 
thermal ?uctuation Were included at large fraction. Then it 
Was di?icult to attain further high recording density using 
this method. 

SUMMARY 

[0010] In order to attain high recording density of a 
magnetic recording medium, it is required to obtain recorded 
magnetiZation stability to thermal ?uctuation and to attain 
loW noise at high recording density. Then for obtaining 
higher recording density, it is required to solve tWo prob 
lems. One of the problems to be solved is to attain loW noise 
by decreasing average diameter of the magnetic crystalline 
grains in the magnetic-layer. The other problem to be solved 
is to attain thermal stability by obtaining small crystalline 
grain siZe distribution of the magnetic crystalline grains not 
including too small grains easily in?uenced by thermal 
?uctuation. 

[0011] As a result of long exploring Work for obtaining a 
solution to the problems, the inventors of the present inven 
tion have got a remarkable ?nding. The ?nding is that the 
siZe of magnetic crystalline grains of the magnetic-layer can 
be made small With very sharp grain siZe distribution When 
the under-layer is a Cu metal ?lm accompanied With thin 
deposited layer of nitrogen atoms. After carrying out a 
further investigation, the inventors could solve the problems 
described above and completed the present invention. 

[0012] The magnetic recording medium of the present 
invention comprises substrate, an under-layer formed on the 
substrate, a magnetic recording-layer on the under-layer, and 
a protective-layer formed on the magnetic recording-layer. 
The under-layer comprises a grain diameter control under 
layer comprising Cu crystalline grains and a deposited layer 
of nitrogen atoms formed on the grain diameter control 
under-layer. 



US 2008/0090002 A1 

[0013] The method for producing magnetic recording 
medium of the present invention comprises a process for 
forming a grain diameter control under-layer comprising Cu 
crystalline grains on a substrate, a process for forming a 
deposited layer of nitrogen atoms depositing nitrogen on the 
grain diameter control under-layer surface, and a process for 
forming a magnetic recording-layer on the substrate having 
the nitrogen-layer deposited on a grain diameter control 
under-layer. 

[0014] Furthermore, the magnetic recording and reproduc 
ing apparatus of the present invention comprises the mag 
netic recording medium described above, a recording 
medium driving mechanism, driving the magnetic recording 
medium, a recording and reproducing head mechanism, 
recording information to the magnetic recording medium 
and reproducing from the magnetic recording medium, a 
head driving mechanism, driving the recording and repro 
ducing head and a recording and reproducing signal pro 
cessing system, processing recording signals and reproduc 
ing signals. 

[0015] In the present invention, grain siZe of the under 
layer crystalline Cu need not be small. So the problem of 
prior art methods encountered for obtaining small magnetic 
grains using small grain siZe under-layers can be avoided, 
and as the result, recording media having increased record 
ing and reproducing characteristics can be obtained accord 
ing to the present invention. The Grain diameter control 
under-layer comprising Cu crystalline grains of the present 
invention can contain other elements in a range in Which the 
advantage of the present invention is effective. 

[0016] The detailed mechanism of obtaining small grain 
siZes by using nitrogen deposited Cu metal ?lm-under-layer 
is not clear at present. Here, tWo papers Will be introduced 
and Will give a concise comparison betWeen the present 
invention and the papers. 

[0017] In one of the papers appeared in Surface Science 
Vol. 523 pp 189-198 (2003) an alternately arranged surface 
structure composed of regions having nitrogen absorption 
and regions having no absorption is reported. The nitrogen 
atoms Were absorbed on bulk single crystal Cu surface after 
cleaning up treatment in an ultra vacuum of 10-9 Pa. 

[0018] In the other paper appeared in Material Science and 
Engineering Vol. 596 pp. 169-177 (2002), an explanation for 
the ordered arrangement of the nitrogen atoms on the single 
crystal Cu surface is given. The ordered arrangement is 
explained as a self organiZing structure due to an stress 
interaction appeared on a clean surface of a bulk Cu single 
crystal. 

[0019] Comparing the tWo papers With the present inven 
tion, it can be pointed out that the grain diameter control 
under-layer comprising Cu crystalline grains in the present 
invention is not a bulk single crystal but a thin ?lm. 
Therefore, the state having stress in the thin ?lm of the 
present invention is quite different from the surfaces of bulk 
Cu single crystals of these papers. Therefore, the re-oriented 
ordered surface structure shoWn in these papers cannot 
alWays be expected for the ?lm of the present invention. At 
present, the mechanism of the present invention for obtain 
ing small grain siZe is not clear. To ?nd out the mechanism 
of the present invention is an important problem to be 
solved. According to the present invention, magnetic crys 
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talline grains of a magnetic-layer can be made small and 
magnetic recording media for high density recording With 
increased signal to noise ratio can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematically shoWn cross section vieW 
of a magnetic recording medium according to an embodi 
ment of the present invention. 

[0021] FIG. 2 is a schematically shoWn cross section vieW 
of a magnetic recording medium comprising an orientation 
control under-layer controlling orientation of Cu crystalline 
grains betWeen a substrate and a grain diameter control 
under-layer according to an embodiment of the present 
invention. 

[0022] FIG. 3 is a schematically shoWn in-plane vieW of a 
magnetic recording-layer for a magnetic recording medium 
shoWing magnetic crystalline grains arranged in a form of a 
tetragonal lattice structure according to an embodiment of 
the present invention. 

[0023] FIG. 4 is a schematically shoWn example of a ring 
pattern for the reciprocal lattice for the tetragonal lattice 
structure. 

[0024] FIG. 5 is a schematically shoWn cross section vieW 
of a magnetic recording medium having an intermediate 
under-layer according to an embodiment of the present 
invention. 

[0025] FIG. 6 is a schematically shoWn cross section vieW 
of a magnetic recording medium having a soft magnetic 
under-layer according to an embodiment of the present 
invention. 

[0026] FIG. 7 is across section vieW of a magnetic record 
ing medium having a biasing layer for a soft magnetic 
under-layer according to an embodiment of the present 
invention. 

[0027] FIG. 8 is a schematically shoWn oblique vieW of a 
magnetic recording apparatus according to an embodiment 
of the present invention shoWing the construction by par 
tially removing the covers. 

[0028] FIG. 9 is a graph shoWing the relation betWeen the 
number of deposited nitrogen atoms per unit area and the 
average grain diameter of the magnetic recording-layer of 
Example 1. 

[0029] FIG. 10 is a graph shoWing the relation betWeen the 
average diameter of the Cu grains and the average diameter 
of the magnetic crystalline grains in the magnetic recording 
layer. 
[0030] FIG. 11 is a graph shoWing the relation betWeen the 
number of the magnetic crystalline grains per unit area of the 
magnetic recording-layer and signal to noise ratio of differ 
ential Wave form (SNRm) of the magnetic recording-layer of 
Example 1. 

DETAILED DESCRIPTION 

[0031] Hereinafter, embodiments of the present invention 
Will be described in detail With reference to the draWings. 

[0032] FIG. 1 is a schematically shoWn cross section vieW 
of a magnetic recording medium according to an embodi 
ment of the present invention. A grain diameter controlling 



US 2008/0090002 Al 

Cu thin ?lm under-layer 12a is disposed on a substrate 11 in 
FIG. 1. A deposited layer of nitrogen atoms 12b is formed on 
the diameter control under-layer 12a. Amagnetic recording 
layer 14 is formed on the deposited layer of nitrogen atoms 
12b, and a protective and lubricant layer 15 is formed on the 
magnetic recording-layer 14. 

[0033] Quantity of the deposited nitrogen atoms per unit 
area desirable for the deposited layer of nitrogen atoms 12b 
on the surface of the grain diameter control under-layer 12a 
is in a range from l><l0l3 atoms/cm2 to l><l0l5 atoms/cm2, 
being expressed by the average number of atoms per unit 
area . . . . When the quantity is less than l><l0l3 atoms/cm2, 

signi?cant average grain diameter decreasing e?fect cannot 
be obtained at the magnetic recording-layer. Furthermore, 
experimental result shoWs that magnetic crystalline grain 
orientation of the magnetic recording-layer decreases When 
the quantity is larger than l><l0l5 atoms/cm2. The quantity of 
the deposited nitrogen atoms is more desirable to be in a 
range from 5><l0l3 atoms/cm2 to 5><l0l4 atoms/cm2. 

[0034] Number of nitrogen atoms at the deposited layer of 
nitrogen atoms 12b can be evaluated by a secondly ion mass 
spectroscopy (SIMS) method. Other methods, nuclear reac 
tor analysis (NRA) using H+ or 12C, Rutherford back 
scattering, X-ray photoelectron spectroscopy @(PS), and 
Auger electron spectroscopy (AES), for example, can be 
used for evaluating the number of nitrogen atoms. Further 
more, atom probe method described in Applied Physics 
Letters Vol. 69 pp. 3095-3097 can be used for the evaluation. 

[0035] As a means for depositing nitrogen atoms on the 
surface of grain diameter control under-layer 1211, a method 
of exposing grain diameter control under-layer 1211 after 
deposition to nitrogen ions or nitrogen radicals can be used. 
Other methods of irradiating nitrogen ions to the grain 
diameter control under-layer 1211 or sputtering the Cu sur 
face in nitrogen atmosphere can also be used. Furthermore, 
a method of exposing the surface to NH4 atmosphere and 
then removing H can be used. 

[0036] The desirable Cu crystalline grains for the grain 
diameter control under-layer 1211 are grains having broader 
?at surface for obtaining the magnetic recording layer 14 
With better crystallinity. Accordingly, larger average grain 
diameter of the Cu grains is desirable. The desirable average 
grain diameter of the Cu grains is 50 nm or larger, and more 
desirable diameter is 100 nm or larger. A single crystal ?lm 
having no grain boundary is much more desirable. When the 
Cu ?lm is not even in a certain degree, the ?lm can be 
available provided that the ?lm has large fraction of terrace 
surfaces that form the ?lm surface. 

[0037] The grain diameter control under-layer 12a in 
Which the same crystallographic plane of each Cu grain is 
oriented parallel to the same plane is desirable because 
higher magnetic crystalline grain orientation can be obtained 
in the magnetic recording-layer 14. The grain diameter 
control under-layer in Which (100) plane of each Cu grain is 
oriented parallel to the substrate surface are especially 
desirable for obtaining signi?cantly small magnetic crystal 
line grains in the magnetic recording-layer 14. 

[0038] As shoWn in FIG. 2, an orientation control under 
layer 120 for increasing (100) plane orientation of Cu grains 
in the grain diameter control under-layer 1211 can be placed 
betWeen the substrate 11 and grain diameter control under 
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layer 12a. As the orientation control under-layer 120, at least 
one material selected from the group consisting essentially 
ofNiAl, MnAl, MgO, NiO, TiN, Si, and Ge can be used. The 
orientation control under-layer 12c need not be disposed 
directly adjacent to the grain diameter control under-layer 
12a and can be disposed through an intervening layer. 

[0039] The magnetic crystalline grains in the magnetic 
recording layer 14 are formed in plural per one Cu grain of 
the grain diameter control layer 1211 on average. The desir 
able average areal density of the magnetic crystalline grains 
in the magnetic recording-layer 14 is in a range from l><l0l2 
grains/cml2 to 8><l0l2 grains/cm2 for obtaining large repro 
duced output of the recorded signal. When the average a real 
density of the magnetic crystalline grains is less than l><l0l2 
grains/cm2, the SNR decreases. The SNR decreases also 
When the average a real density is above 8><l0l2 grains/cm2. 

[0040] From experimental results by the present inventors, 
it has been found that noise level of recording and repro 
ducing characteristics can be reduced substantially and is 
desirable When the magnetic crystalline grains are arranged 
essentially in an ordered structure of tetragonal lattice. 

[0041] FIG. 3 schematically shoWs an in-plane structure of 
a magnetic recording medium according to an embodiment 
of the present invention. The White subjects express mag 
netic grains 1. Existence of tetragonal lattice structure 
arrangement of magnetic crystalline grains 1 can be evalu 
ated by image processing and analyZing transmission elec 
tron microscope (TEM) Figurers for the ?lm plane of the 
magnetic recording-layer 14. 

[0042] Using an image processing and analyZing softWare, 
a spectrum can be obtained as a result of a fast Fourier 
transformation of a binary Figure obtained by increasing 
contrast of a Figure for magnetic crystalline grains and grain 
boundary regions. The magnetic crystalline grains can be 
regarded to have an arrangement of tetragonal lattice struc 
ture essentially When patterns as shoWn in FIG. 4 can be 
recogniZed in the spectrum Practically, tWo types of peri 
odical spots or rings having a ratio of the distances to the 
center is l:l/\/2 (R1 and Rl/x/2 in FIG. 4). Similar evaluation 
can be performed using loW energy electron diffraction to 
the magnetic recording-layer and analyZing the diffraction 
patterns. 

[0043] For the magnetic recording medium of the present 
invention, a magnetic recording-layer 14 having a granular 
structure is desirable. The granular structure With nonmag 
netic grain boundary regions in the magnetic recording-layer 
14 leads to a decrease in the exchange interaction betWeen 
the magnetic crystalline grains and a signi?cant decrease in 
the transition noise of recording and reproducing character 
istics. 

[0044] Disordered alloys such as CoiCr and CoiPt, 
ordered alloys such as FeiPt, CoiPt and FeiPd, and 
multi-layered ?lms such as Co/ Pt and Co/Pd are desirable as 
materials for the magnetic recording-layer 14. These alloys 
and multi-layered ?lms are desirable for their high crystal 
line anisotropy energy and therefore for their high thermal 
?uctuation durability. Magnetic properties of these alloys 
and multi-layers can be improved if necessary by adding 
some additive elements such as Cu, B, and Cr. CoCrPt, 
CoCrPtB, CoCrPtTa, CoCrPtNd, CoCrPtCu and FePtCu 
alloys can be further desirably used as materials for the 
magnetic recording-layer 14. 
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[0045] As the materials for forming grain boundary 
regions of the granular structure, compounds such as oxides 
and carbides are desirable, because these compounds do not 
form solid solution With the materials forming the magnetic 
crystalline grains described above and can easily be sepa 
rated. Compounds such as SiOX, TiOX, CrOX, AlOX, MgOX, 
TaOX, Six, TiCX, and TaCX can be cited for forming the grain 
boundary regions. 

[0046] The magnetic recording-layer 14 can be double 
structure or multi-layered structure. In this case at least one 
of the-layers has the construction described above. 

[0047] As shoWn in FIG. 5, an intermediate under-layer 
12d for controlling characteristics of magnetic recording 
layer 14 can be disposed in addition to the grain diameter 
control under-layer 12a accompanied With deposited nitro 
gen layer 12b and the orientation control under-layer 120. 

[0048] The crystal orientation degree can be improved by 
using a granular structured-layer as the intermediate under 
layer 12d. The recording and reproducing characteristics can 
be increased by the improved crystal orientation degree in 
addition to the smaller average grain siZe and the smaller 
grain diameter distribution. 

[0049] As the nonmagnetic crystalline materials of the 
intermediate under-layer 12d shoWing granular structure, Pt, 
Pd, lr, Ag, Cu, Ru and Rh can be cited. These metal materials 
are desirable because these metal materials shoW good 
lattice compatibility With magnetic crystalline grains 
described above and can improve crystal orientation degree. 

[0050] As the materials for forming grain boundary 
regions of the intermediate under-layer 12d, compounds 
such as oxides and carbides are desirable. These compounds 
are desirable as the materials for forming grain boundary 
regions because these compounds do not form solid solution 
With the nonmagnetic crystalline materials forming the 
magnetic crystalline grains described above and can easily 
be separated. Compounds such as SiOX, TiOX, CrOX, AlOX, 
MgOX, TaOX, SiCX, TiCX, and TaCX can be cited for forming 
the grain boundary regions. The materials constructing the 
under-layer can include magnetic metal When the under 
layer is nonmagnetic as the Whole. 

[0051] The intermediate under-layer 12d With a granular 
structure can be constructed as multi-layer of tWo or more 
layers. The layer need not be placed adjacent to the magnetic 
recording-layer 14. 

[0052] The magnetic recording medium of the present 
invention is applied as a perpendicular magnetic recording 
medium When a soft magnetic under-layer 16 is placed 
betWeen the under-layers and the substrate 11 as shoWn in 
FIG. 6. 

[0053] Disposing the soft magnetic under-layer 16 in the 
magnetic recording medium described above, so-called per 
pendicular double-layered medium, comprising the mag 
netic recording layer 14 disposed on the soft magnetic layer 
16, can be constructed. The soft magnetic under-layer 16 
shares a partial function of a magnetic head by returning 
magnetic ?ux induced by the recording magnetic ?eld from 
a single pole head passing horizontally through the magnetic 
recording medium and turning back to the magnetic head. 
Therefore, the soft magnetic under-layer 16 placed in the 
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magnetic recording medium plays a role for giving a sharp 
perpendicular magnetic ?eld With su?icient magnitude to the 
magnetic recording layer 14. 

[0054] As the soft magnetic under-layer 16, for example, 
CoZrNb, FeSiAl, FeTaC, CoTaC, NiFe, Fe, FeCoB, FeCoN 
and FeTaN, can be cited. 

[0055] As shoWn in FIG. 7, a biasing-layer 17 consisted 
essentially of hard in-plane magnet-layer and antiferromag 
netic material-layer, for example, can be disposed betWeen 
the soft magnetic under-layer 16 and the substrate 11. 
Magnetic domains are easily formed in the soft magnetic 
under-layer 16, and magnetic domain Walls induce spike like 
noise. The formation of magnetic domains can be avoided 
by applying a magnetic ?eld in one radial direction of the 
biasing-layer 17 and applying biasing ?eld to the soft 
magnetic under-layer 16 placed on the biasing-layer 17. The 
biasing-layer can be a multi-layered structure With ?nely 
dispersed anisotropy ?eld to avoid formation of large mag 
netic domains. 

[0056] As the material for constructing the biasing-layer 
17, CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtTaNd, CoSm, 
CoPt, FePt, CoPtO, CoPtCrO, COPtiS1O2, CoCrPtiSiO2, 
and CoCrPtOiSiO2 can be cited. 

[0057] As shoWn in FIG. 6 and FIG. 7, the orientation 
control layer 120 described above can be disposed to 
improve (100) plane crystal orientation degree of Cu crys 
talline grains of grain diameter control under-layer 12a. 

[0058] Glass substrates, Al alloys substrates or Si single 
crystal substrates With oxide surfaces, ceramic substrates, 
and plastic substrates can be used for the substrate 11. 
Furthermore, inorganic substrates plated With NiP, for 
example can be used. 

[0059] Protective-layer 15 can be formed on the magnetic 
recording-layer 14. As the protective-layer 15, carbon or 
diamond like carbon can be used. Other materials SiNX, 
SiOX, and CNx can be cited as the protective-layer material. 

[0060] As the method for depositing each-layer described 
above, vacuum evaporation method, every kind of sputtering 
method, molecular beam epitaxy method, ion beam evapo 
ration method, laser abrasion method and chemical vapor 
deposition method can be used. 

[0061] FIG. 8 is a schematically shoWn oblique vieW of a 
magnetic recording apparatus according to an embodiment 
of the present invention shoWing the construction by par 
tially removing covers. 

[0062] In FIG. 8, the magnetic disk 81 according to the 
present invention is attached to the spindle 82, and is driven 
at a constant rotating speed by a spindle motor not shoWn in 
the Figure. The slider 83 carrying a recording head for 
recording information and a MR head reproducing the 
recorded information for gaining access to the surface of the 
magnetic disk 81 is attached at the top of a suspension 84 
constructed by a thin plate shaped ?at spring. The suspen 
sion 84 is connected to one side of an arm 85 having a 
bobbin holding a drive coil not shoWn in the Figure. 

[0063] At the other side of the arm 85, a voice coil motor 
86, a kind of linear motor, is disposed. The voice coil motor 
86 is constructed by a magnetic circuit composed of a drive 
coil rolled up to a bobbin of arm 85, permanent magnet and 
opposing yokes. 
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[0064] The arm 85 is supported by a ball bearing not 
shown in the Figure and is driven to swing circularly by the 
voice coil motor 86. The position of the slider 83 on the 
magnetic disk 81 is controlled by the voice coil motor 86. In 
the FIG. 8, a cover 88 is shoWn partially. 

[0065] Hereinafter, examples of the present invention Will 
be described to explain the present invention further in 
detail. 

EXAMPLE 1 

[0066] Nonmagnetic 2.5 inches glass substrates Were put 
into a vacuum chamber of an ANELVA Co. c-3010 type 
sputtering apparatus. 

[0067] The vacuum chambers of the sputtering apparatus 
Were evacuated to 1x10“6 Pa or less. Then the substrates 
Were heated using an infrared heater up to about 300° C. 
Keeping the substrate temperature to about 300° C., about 
200 nm CoZrNb ?lm Was deposited as a soft magnetic 
under-layer, and then an about 30 nm Cu ?lm Was deposited. 
The substrate temperature Was then elevated to about 5000 
C., and nitrogen ions Were irradiated to the Cu ?lm surface 
in 0.1 Pa nitrogen gas atmosphere using ion gun at 200 eV. 
After the nitrogen ion irradiation, a 5 nm FeSOPt5O ?lm Was 
deposited. 

[0068] And then a 5 nm carbon ?lm Was deposited. For 
depositing CoZrNb ?lm, Cu ?lm, FeSOPt5O ?lm and C ?lm, 
the Ar gas pressure Was 0.7 Pa, 0.7 Pa, 5 Pa and 0.7 Pa, 
respectively, and target material Was CoZrNb, Cu, FeSOPtSO, 
and C, respectively. The sputtering Was performed using DC 
sputtering. 

[0069] PoWer inputted to the targets Was ?xed to 1,000 W 
for CoZrNb, FeSOPt5O and C deposition, and varied from in 
a range from 100 to 1,000 W for Cu deposition. 

[0070] Then magnetic recording media having COSOPtSO, 
FeSOPdSO, and Co7OCrlOPtlO, instead of FeSOPt5O Were fab 
ricated using almost the same procedure described above. 
The quantity of nitrogen deposition to the Cu ?lm surface 
Was controlled choosing the ion irradiation time. The crys 
talline grain diameter of the Cu ?lms Was varied changing 
input poWer to the targets. 

[0071] After ?nishing the deposition, each protective 
layer Was coated With about 1.3 nm thick lubricant of 
per?uoropolyether (PEPE) by a dipping method. Then, 
various magnetic recording medium samples Were obtained. 

[0072] As a comparable example, conventional perpen 
dicular magnetic recording media Were fabricated by the 
folloWing procedure. Nonmagnetic 2.5 inches glass sub 
strates Were put into the vacuum chambers of the sputtering 
apparatus and the vacuum chambers Were evacuated to 
1x10 Pa or less. After heating the substrate using an 
infrared heater up to about 300° C., 200 nm CoZrNb ?lm as 
a soft magnetic under-layer, 10 nm Ta ?lm as a seed-layer, 
20 nm Ru ?lm as a under-layer, 15 nm CO65iCr2OiPt14i 
Tal-layer as amagnetic recording-layer, and a 5 nm protec 
tive-layer Was deposited to each substrate, and then the 
lubricant Was coated using the procedure similar to the case 
for example described above. For depositing CoZrNb ?lm, 
Ta ?lm, Ru ?lm and CoCrPtTa ?lm, the Ar gas pressure Was 
0.7 Pa, 0.7 Pa, 0.7 Pa, 5 Pa and 0.7 Pa, respectively, and 
target material Was CoZrNb, Ta, Ru and CO65Cr2O Ptl4Tal, 
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respectively. The sputtering Was performed using DC sput 
tering. PoWer inputted to the targets Was ?xed to 1,000 W. 

[0073] The microstructure, the crystalline grain diameters 
and the grain siZe distribution of each fabricated sample 
Were evaluated by a transmission electron microscope 
(TEM) With accelerating voltage of 400 kV. The quantity of 
nitrogen atoms deposited on the each Cu ?lm Was obtained 
and con?rmed by NRA using H+ method similar to the 
method description found in a report appeared at Surface 
Science Vol. 490 pp. 336-350, and SIMS method using Cs". 

[0074] Recording and reproducing characteristics (read 
Write characteristics, R/W characteristics) of each magnetic 
recording medium Was evaluated by using a spin stand. The 
magnetic head applied Was a combination of a 0.3 pm track 
Width single pole head and a 0.2 um track Width MR head. 

[0075] The same measuring condition at a constant mag 
netic head position of 20 min from the center and of 4,200 
rpm the magnetic disk rotating speed Was applied. 

[0076] Signal to noise ratio for derivative Waveforms as an 
output of a derivative circuit (SNRm) Was measured and 
characterized as the SNR of each magnetic recording 
medium. The measured signal S Was output for linear 
recording density of 119 kfci, and the measured noise Was 
root mean square value at 716 kfci. In addition, the half 
Width of the derivative Waveforms (dPWSO) Was evaluated to 
obtain as an index for the resolution of the recording. 

[0077] Table 1 shows the average crystalline grain diam 
eter dMag and the standard deviation a of the magnetic-layer 
of each magnetic recording medium. 

TABLE 1 

Average 
Magnetic diameter Standard 
Recording dMag deviation 
Layer (nm) 0(nm) 

Example 1-1 FePt 4.5 1.0 
Example 1-2 CoCrPt 4.3 1.0 
Example 1-3 CoPt 4.8 1.1 
Example 1-4 FePd 4.8 1.3 
Comparative (conventional 7. 1 2 .5 
Example 1 medium) 

[0078] Comparing each magnetic recording medium of 
the Example 1 With the magnetic recording medium of the 
Comparative example 1 for the average crystalline grain 
diameter dMag and the standard deviation 0 of the magnetic 
layer in Table 1, each magnetic recording medium of the 
Example 1 shoWs signi?cantly smaller average crystalline 
grain diameter With smaller standard deviation. 

[0079] FIG. 9 shoWs a relationship betWeen the quantity of 
deposited nitrogen 0 and the average magnetic crystalline 
grain diameter dMag for FeSOPt5O magnetic-layer obtained by 
a nuclear reaction analysis NRA. From this Figure, it can be 
found that the crystalline grains are signi?cantly small and 
are desirable 

[0080] When the 0 value is in a range from 1><10l3 
atom/cm2 to 1><10l5 atom/cm2. Similar results Were obtained 
for the cases of COSOPtSO, FeSOPd5O and Co7OCrlOPt2O mag 
netic-layer. For each magnetic recording medium, the nitro 
gen atoms deposited on the grain diameter control under 
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layer comprising Cu crystalline grains Was detected by a 
chemical element distribution measurement using SMS 
toward the depth direction. 

[0081] FIG. 10 shoWs a relationship betWeen the average 
diameter of Cu crystalline grains at Cu-layer and the average 
diameter of magnetic crystalline grains for FeSOPd5O mag 
netic-layers With 2><10l4 atom/cm2 deposited nitrogen. From 
FIG. 10, the average grain diameter of the magnetic-layer 
became signi?cantly small When the average grain diameter 
of Cu-layer is 50 nm or larger. 

[0082] FIG. 11 shoWs a relationship betWeen SNRm of 
each magnetic recording medium and number of magnetic 
crystalline grains per unit area (areal density of grains) n 
obtained by TEM observation for average diameter of Cu 
dc“ of 100 pm. As seen from FIG. 11, the SNRm increases and 
desirable When the value of n is in a range from 1><10l2 
grains/cm2 to 8><10l2 grains/cm2. When the value of n Was 
in a range from 1><10l2 grains/cm2 to 8><10l2 grains/cm2, 
plural number of magnetic grains of a magnetic recording 
medium is placed on a Cu crystalline grains on average. 

[0083] Ordered arrangement of magnetic crystalline 
grains Was investigated for each in-plane TEM Figures using 
an image processing and analyZing softWare “Image-Pro 
Plus” (Media Cybernetics Co., USA). To each TEM Figure, 
a modi?cation Was given to obtain a pattern expressed by 
binary variables by increasing the contrast betWeen regions 
of the magnetic crystal grains and other regions. The Figure 
expressed by binary Figures Was then transformed by FFT. 
As the result, no ordered arrangement of magnetic grains in 
the magnetic-layer Was recogniZed for the conventional 
medium. On the other hand, for each magnetic recording 
medium having n values in a range from 1><10l2 grains/cm2 
to 8><0l2 grains/cm2, the ordered arrangement of the mag 
netic crystalline grains to tetragonal lattice structure Was 
recognized. 

EXAMPLE 2 

[0084] Nonmagnetic 2.5 inches glass substrates Were put 
into the vacuum chambers and the vacuum chambers Were 
evacuated to 1><104 Pa or less. Then CoZrNb soft magnetic 
under-layer, Cu deposition and nitrogen deposition process 
Were performed using the method described in Example 1. 
Then a 5 nm FeSOPtSOiSiO2 magnetic-layer Was formed 
using (Fe5OiPt5O)-10 mol % SiO2 composite target. Fur 
thermore, magnetic disks having COSOPtSO, FeSOPd5O and 
COmCrlOPt2O respectively replacing FeSOPtSO-layer of the 
disks in example 1 Were fabricated using respective targets. 
Similarly, magnetic disks having TiO, Al2O3, TiC and TaC 
respectively, Were fabricated replacing SiO2-layer in 
Example 1. Then carbon protective-layer Was deposited and 
lubricant-layer Was coated for each fabricated magnetic 
recording medium. 

[0085] Table 2 shoWs SNRm values and dPW5O values for 
each magnetic recording medium. Magnetic recording 
media having magnetic recording-layer composite With the 
chemical compounds shoW increased SNRm and are desir 
able. For every ?lm composite With chemical compounds, 
granular structure and essentially tetragonal arrangement of 
the magnetic crystalline grains of the magnetic-layer are 
recogniZed by TEM observation. 
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TABLE 2 

Magnetic Signal to half Width 
recording noise ratio dPW5O 
layer SNRm (dB) (nm) 

Example 2-1 FePt 17.1 98 
Example 2-2 CoCrPt 17.3 93 
Example 2-3 CoPt 17.0 99 
Example 2-4 FePd 16.8 97 
Example 2-5 FePtiSiOZ 18.3 90 
Example 2-6 COCI‘PtiS1O2 18.6 89 
Example 2-7 COPtiS1O2 18.0 90 
Example 2-8 FePdiSiOZ 18.0 89 
Example 2-9 FePtiMgO 18.2 91 
Example 2-10 CoCrPtiMgO 18.2 90 
Example 2-11 CoPtiMgO 18.0 87 
Example 2-12 FePdiMgO 17.8 86 
Example 2-13 FePtiAl2O3 17.9 89 
Example 2-14 CoCrPtiAl2O3 17.9 86 
Example 2-15 CoPtiAl2O3 17.7 87 
Example 2-16 FePdiAl2O3 17.7 89 
Example 2-17 FePtiTiO 18.1 87 
Example 2-18 CoCrPtiTiO 18.2 90 
Example 2-19 CoPtiTiO 17.9 87 
Example 2-20 FePdiTiO 17.9 88 
Example 2-21 FePtiTiC 17. 8 90 
Example 2-22 CoCrPtiTiC 17.8 92 
Example 2-23 CoPtiTiC 17.7 90 
Example 2-24 FePdiTiC 17.8 88 
Example 2-25 FePtiTaC 17.9 87 
Example 2-2 6 CoCrPtiTaC 17. 8 90 
Example 2-27 CoPtiTaC 17.8 87 
Example 2-28 FePdiTaC 17. 8 88 
Comparative (conventional medium) 15 .4 109 
Example 2 

EXAMPLE 3 

[0086] 2.5 inch hard disk shaped nonmagnetic glass sub 
strates Were prepared and ?lm depositions Were performed 
using the process of Example 1 up to nitrogen deposition 
treatment. Then 10 nm PtiSiO2 layer Was deposited using 
Pt-10 mol % SiO2 composite target. On the PtiSiOZ-layer, 
various magnetic recording-layers Were deposited and then 
various magnetic recording media Were obtained after 
depositing carbon protective-layer and coating lubricant 
layer using the procedure described in Example 2. In addi 
tion, magnetic recording media having Pd, lr, Ag, Cu, Ru 
and Rh under-layer, respectively, instead of the Pt under 
layer, and magnetic recording media having TiO, Al2O3, 
MgO, TiC and TaC under-layer, respectively, instead of the 
SiO2 under-layer Were obtained using respective composite 
targets. 

[0087] Table 3 shoWs SNRm and dPW5O for each magnetic 
recording medium having CoCrPtiSiO2 magnetic record 
ing-layer and various under-layers. 

TABLE 3 

signal to half Width 
noise ratio dPW5O 

Under layer SNRm (dB) (nm) 

Example 3-1 PtiSiO2 19.6 80 
Example 3-2 PdiSiOZ 19.6 81 
Example 3-3 IriSiO2 19.3 79 
Example 3-4 AgiSiOZ 19.0 78 
Example 3-5 CuiSiOZ 18.9 79 
Example 3-6 RuiSiOZ 19.8 77 
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TABLE 3-continued TABLE 4 

signal to half Width Orientation signal to Half Width 
noise ratio dPW5O Controlling noise ratio DPW5O 

Under layer SNRm (dB) (nm) Under layer SNRm (dB) (nm) 

Example 3-7 RhiSiOZ 19.7 77 Example 4-1 none 19.8 77 
Example 3-8 PtiMgO 19.4 81 Example 4-2 NiAl 20.5 76 
Example 3-9 PdiMgO 19.4 80 Example 4-3 MgO 20.3 75 
Example 3-10 IriMgO 19.0 77 Example 4-4 NiO 20.0 76 
Example 3-11 AgiMgO 19.0 81 Example 4-5 MnAl 20.3 77 
Example 3-12 CuiMgO 19.3 81 Example 4-6 Si 20.0 73 
Example 3-13 RuiMgO 19.5 79 Example 4-7 Ge 20.1 76 
Example 3-14 RhiMgO 19.5 77 Example 4-8 TiN 20.4 76 
Example 3-15 PtiAl2O3 19.4 77 
Example 3-16 PdiAlZO3 19.6 82 
Example 3-17 IriAlZO3 19.2 80 . . 
Exampl? 348 AgiAl2O3 19A 79 [0091]' As shoWn 1n Table 4, SNRm increases further by 
Exalnple 3.19 cuiA1203 195 32 d1spos1ng the orientation control layer. Similar results Were 
Exalnpl? 3-20 RuiAbos 19-7 75 found for magnetic recording medium having other combi 
Example 3'21 Rhiél2o3 19'4 78 nation of under-layer and magnetic recording-layer. 
Example 3-22 PtiTlO 19.6 73 

EXHIHPIe 3'23 PdiTlo 19-9 80 [0092] Although the prevent invention has been shoWn 
Example 3-24 Il‘iTlO 19.3 78 d d -b d - h b d b d 
Example 3_25 AgiTiO 195 74 an escr1 e Wit respect to est mo e‘ em '0 rments 
Exampl? 346 CuiTiO 190 79 thereof, 1t should be understood by those skilled in art that 
Example 3-27 RuiTiO 20.0 76 the foregoing and various other changes in the form and 
EXHIHPIe 3'28 RhiTllo 19-8 78 detail Without departing from the spirit and scope of the 
Example 3-29 PtiTlC 19.3 79 resent invention 
Example 3-30 PdiTiC 19.3 75 p ' 
Example 3-31 IriTiC 19.5 77 
Exalnpl? 3-32 AgiTic 19-0 78 What is claimed is: 
Example 3-33 CuiTiC 18.9 74 - - - - 

Exampl? 364 RuiTiC 189 74 1. method for produc1ng magnet1c record1ng med1um, 
Example 3-35 RhiTiC 18.9 80 C0111pr 15mg? 
Example 3-36 PtiTaC 19.0 79 . . . 

Exampl? 3_37 PdiTaC 190 77 a process for form1ng a gram d1ameter control layer 
Example 3-38 IriTaC 19.3 73 comprising Cu crystalline grains on a substrate; 
Example 3-39 AgiTaC 19.2 74 _ _ _ 

Example 3-40 CuiTaC 19.2 78 a process for form1ng a depos1ted layer of nitrogen atoms 
EXalnpl? 3-41 RuiTac 19-1 75 depositing nitrogen on the grain diameter control 
Example 3-42 RhiTaC 19.1 79 under_1ayer Surface; and 

a process for forming a magnetic recording-layer on the 

[0088] Increase of SNRm Was found for magnetic record- Substrate havmg the mtrogen'layer depos1ted gram 
ing medium disposing an under-layer composite With chemi 
cal compound under the CoCrPtiSiO2 magnetic recording 
layer. Similar results Were found for magnetic recording 
medium having other magnetic recording-layer. Each mag 
netic recording-layer and under-layer shoW granular struc 
ture, and the magnetic crystalline grains shoW essentially 
tetragonal arrangement. 

EXAMPLE 4 

[0089] 2.5 inch hard disk shaped nonmagnetic glass sub 
strates Were prepared and traced the procedure of Example 
3 except that one orientation control layer Was disposed 
betWeen soft magnetic under-layer and grain diameter con 
trol layer. Then various magnetic recording media Were 
obtained. As the orientation control layer, 5 nm NiAl-layer 
Was deposited in 0.7 PaAr atmosphere preparing and using 
NiAl targets. In addition, magnetic recording media having 
orientation control layer of MgO, NiO, MnAl, Ge, Si, and 
TiN, respectively, are fabricated. 

[0090] Table 4 shows recording and reproducing charac 
teristics of each magnetic recording medium having 
CoCrPtiSiO magnetic recording-layer and PtiSiO2 

Z 

under-layer. 

diameter control under-layer. 
2. The method for producing magnetic recording medium 

as set forth in claim 1, 

Wherein the nitrogen atoms are deposited in an average 
areal density range from 1><10l3 atoms/cm2 to 1><10l5 
atoms/cm2 on the grain diameter control under-layer 
surface at the process for forming a deposited layer of 
nitrogen atoms. 

3. The method for producing magnetic recording medium 
as set forth in claim 1, 

Wherein the grain diameter control under-layer compris 
ing 50 nm or larger Cu crystalline grains is formed at 
the process for forming a grain diameter control under 
layer, and the nitrogen atoms are deposited on the grain 
diameter control under-layer surface at the process for 
forming a deposited layer of nitrogen atoms. 

4. The method for producing magnetic recording medium 
as set forth in claim 1, 

Wherein the Cu crystalline grains of the grain diameter 
control under-layer orienting (100) planes of the crys 
talline grains parallel to the substrate surface is formed 
at the process for forming a grain diameter control 
layer. 

5. The method for producing magnetic recording medium 
as set forth in claim 4, 
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wherein the magnetic crystalline grains are arranged 
essentially in a form of tetragonal lattice structure in the 
magnetic recording-layer plane at the process of form 
ing a magnetic recording-layer. 

6. The method for producing magnetic recording medium 
as set forth in claim 1, 
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Wherein the magnetic crystalline grains in the magnetic 
recording-layer are formed in an average areal density 
range from l><l0l2 grains/cm2 to 8><l0l2 grains/cm2 at 
the process for forming a magnetic recording-layer. 

* * * * * 


