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(57) ABSTRACT 

Provided is a method of manufacturing a magnetic disk com 
prising a granular magnetic recording layer which causes less 
noise even with a recording capacity thereof of 250G or more 
bits per square inch; and a method for manufacturing the 
same. The magnetic disk according to the present invention 
comprises: a granular magnetic recording layer (20) which is 
formed on a disk substrate 10 directly or via an intermediate 
layer and which has non-magnetic regions between granular 
columnar particles; and an auxiliary recording layer (22) 
which is formed on the granular magnetic recording layer 20 
and which causes exchange interaction among the granular 
columnar particles, wherein the auxiliary recording layer (22) 
contains 0.1 to 3 moles of oxygen. 
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MAGNETC DISK AND METHOD FOR 
MANUFACTURING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 13/133,124, filed on Jun. 6, 2011, which is a 
National Stage of International Application No. PCT/JP2009/ 
070499 filed Dec. 7, 2009, claiming priority to Japanese 
Patent Application Nos. 2008-311 120, filed Dec. 5, 2008 and 
2009-087762, filed Mar. 31, 2009 which are hereby incorpo 
rated by reference in their entirety. 

TECHNICAL FIELD 

0002 The present invention relates to a magnetic disk 
having a carbon-based protective layer and mounted in a hard 
disk drive (HDD) of a perpendicular magnetic recording sys 
tem or the like, and a method for manufacturing the same. 

BACKGROUND ART 

0003 Characteristics required for a magnetic disk 
mounted in an HDD of a magnetic recording system or the 
like include, for example, a good SNR of a recorded signal, 
good thermal stability, and easiness to record. Among others, 
in order to improve a SNR, it is necessary to reduce the 
particle diameter of magnetic particles constituting a mag 
netic recording layer. However, if the particle diameter of 
magnetic particles is reduced, a signal becomes thermally 
unstable. In order to thermally stabilize a signal, it is neces 
sary to increase perpendicular magnetic anisotropy energy 
(Ku), however, if perpendicular magnetic anisotropy energy 
is increased too much, it becomes impossible to record infor 
mation on a magnetic head. 
0004. In order to solve such a problem, for example, a 
CGC (Continuous Granular Coupled) medium has been 
developed, which comprises a granular magnetic recording 
layer composed of granular columnar particles and non-mag 
netic regions between the granular columnar particles; and an 
auxiliary recording layer formed on the granular magnetic 
recording layer and causing exchange coupling among the 
granular columnar particles. In the CGC medium, static mag 
netic characteristics (SNR), recording characteristics, and 
thermal stability can be controlled by adjusting the exchange 
interaction between the auxiliary recording layer and the 
granular magnetic recording layer, and the exchange interac 
tion among the granular columnar particles via the auxiliary 
recording layer. 

PRIOR ART DOCUMENT 

Patent Document 

0005 Patent Document 1: Japanese Unexamined Patent 
Application Publication No. 2008-84432 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 
0006. In a conventional magnetic disk of a perpendicular 
magnetic recording system, whose recording capacity is less 
than 250 Gbits per square inch, noise can be more reduced 
when not only a granular magnetic recording layer but also an 
auxiliary recording layer is provided, as compared with when 
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only a granular magnetic recording layer is provided. How 
ever, if the recording capacity is 250G or more bits per square 
inch, noise is caused due to strong exchange interaction 
between magnetic particles in an auxiliary recording layer 
because the auxiliary recording layer is a continuous film. 
0007. One aspect of the present invention was made in 
view of the above-mentioned problem, and it is an object of 
the present invention to provide a magnetic disk comprising a 
granular magnetic recording layer, which causes less noise 
even with a recording capacity of 250 G or more bits per 
square inch, and a method for manufacturing the same. 

Means for Solving the Problem 
0008. One aspect of a magnetic disk according to the 
present invention comprises: a granular magnetic recording 
layer which is formed on a disk substrate directly or via an 
intermediate layer and which has non-magnetic regions 
between granular columnar particles; and an auxiliary record 
ing layer which is formed on the granular magnetic recording 
layer and which causes exchange coupling among the granu 
lar columnar particles, wherein the auxiliary recording layer 
contains 0.1 to 3 mol % of oxygen. 
0009. In this structure, the auxiliary recording layer con 
taining 0.1 to 3 mol% of oxygen is provided on the magnetic 
recording layer, and uniformity of the grainboundary among 
the magnetic particles in the auxiliary recording layer can be 
thereby improved. As a result, uniformity in magnetic conti 
nuity also increases, and consequently noise can be reduced 
even in a magnetic disk comprising the magnetic recording 
layer, which has a granular structure and a recording capacity 
of 250 G or more bits per square inch. 
0010. In one aspect of the magnetic disk according to the 
present invention, the oxygen is preferably contained in the 
auxiliary recording layer in a state of oxide. Here, the oxide is 
preferably precipitated on the non-magnetic regions of the 
granular magnetic recording layer. 
0011. In one aspect of the magnetic disk according to the 
present invention, it is preferable that the granular magnetic 
recording layer contains oxygen, and that the amount of oxy 
gen contained in the auxiliary recording layer is less than that 
in the granular magnetic recording layer. 
0012. In one aspect of the magnetic disk according to the 
present invention, the oxygen contained in the granular mag 
netic recording layer preferably has two or more kinds of 
oxides mixed therein. 
0013. In one aspect of the magnetic disk according to the 
present invention, a non-magnetic separation layer is prefer 
ably interposed between the granular magnetic recording 
layer and the auxiliary recording layer. 
0014. In one aspect of the magnetic disk according to the 
present invention, the granular magnetic recording layer is 
preferably composed of two or more layers. 
0015. In one aspect of the magnetic disk according to the 
present invention, the recording capacity is preferably 250 G 
or more bits per square inch. 
0016. Another aspect of a magnetic disk according to the 
present invention comprises, on a disk Substrate, at least: a 
magnetic recording layer having a granular structure where 
non-magnetic grain boundary portions are formed between 
magnetic particles composed of CoCrPt and continuously 
grow in a columnar shape; and an auxiliary recording layer 
formed on the magnetic recording layer, wherein the auxil 
iary recording layer includes: a non-granular auxiliary 
recording layer which is a magnetic layer almost magneti 
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cally continuous in the in-plane direction of the main Surface 
of the disk Substrate; and a granular auxiliary recording layer 
which is provided below the non-granular auxiliary recording 
layer, has higher coercive force than the non-granular auxil 
iary recording layer, and has a granular structure. 
0017. In this structure, the granular auxiliary recording 
layer having higher coercive force acts as a pin layer of the 
non-granular auxiliary recording layer. Therefore, while 
more blurred writing are generally caused when a thicker 
auxiliary recording layer is used, a track width can be made 
narrower (blurred writing can be reduced) and SNR can be 
improved even if a thicker auxiliary recording layer is pro 
vided. Thus, compatibility between a track width and SNR 
can be achieved. 

0018. In another aspect of the magnetic disk according to 
the present invention, the granular auxiliary recording layer 
preferably has lower at % of Crand higher at % of CoPt than 
the magnetic recording layer. The reason for this is that, in this 
composition, the granular auxiliary recording layer has 
higher coercive force than the magnetic recording layer, and 
ideally acts as a pin layer of the non-granular auxiliary record 
ing layer. 
0019. In another aspect of the magnetic disk according to 
the present invention, the difference (A-B) between a Cr 
concentration (A) of the magnetic recording layer and a Cr 
concentration (B) of the granular auxiliary recording layer is 
preferably not less than 1 at % and not more than 4 at %. That 
is, compared to the magnetic recording layer, at % of Cr is 
made smaller and at % of CoPt is made larger to increase 
coercive force. In other words, in metal layers, the difference 
(A-B) in Cr concentration (B) is preferably not less than 1 at 
% and not more than 4 at %. 

0020. In another aspect of the magnetic disk according to 
the present invention, the granular auxiliary recording layer 
preferably has thinner film thickness than the non-granular 
auxiliary recording layer. The reason for this is that, if the 
non-granular auxiliary recording layer is made thinner, 
recording itself will be impossible, therefore the thickness of 
the non-granular auxiliary recording layer is maintained to 
keep OW characteristics, while a blurred writing is prevented 
by the granular auxiliary recording layer which acts as a pin 
layer of the non-granular auxiliary recording layer. It is pref 
erable that the film thickness of the granular auxiliary record 
ing layer is 0.5 to 5.0 nm, and that of the non-granular auxil 
iary recording layer 4.0 to 8.0 nm. 
0021. A method for manufacturing a magnetic disk 
according to the present invention comprises: a magnetic 
recording layer formation step of forming at least a granular 
magnetic recording layer on a disk Substrate; and an auxiliary 
recording layer formation step of forming an auxiliary 
recording layer on the magnetic recording layer, wherein the 
auxiliary recording layer containing 0.1 to 3 mol% oxygen is 
formed in the auxiliary recording layer formation step. 
0022. In the method for manufacturing the magnetic disk 
according to the present invention, the auxiliary recording 
layer is preferably formed by sputtering with use of a sput 
tering target containing oxide in the auxiliary recording layer 
formation step. 
0023. In the method for manufacturing the magnetic disk 
according to the present invention, the auxiliary recording 
layer is preferably formed by reactive sputtering where oxy 
gen is incorporated at a partial pressure of 0.5 to 3% in the 
auxiliary recording layer formation step. 
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0024. In the method for manufacturing the magnetic disk 
according to the present invention, it is preferable that a 
non-magnetic separation layer is interposed between the 
granular magnetic recording layer and the auxiliary recording 
layer so as to control the strength of ferromagnetic coupling 
between the granular magnetic recording layer and the aux 
iliary recording layer. 
0025. In the method for manufacturing the magnetic disk 
according to the present invention, the granular magnetic 
recording layer is preferably formed of two or more layers. 

Effect of the Invention 

0026. The magnetic disk according to the present inven 
tion comprises: a granular magnetic recording layer which is 
formed on a disk substrate directly or via an intermediate 
layer and which has non-magnetic regions between granular 
columnar particles; and an auxiliary recording layer which is 
formed on the granular magnetic recording layer and which 
causes exchange coupling among the granular columnar par 
ticles, wherein the auxiliary recording layer contains 0.1 to 3 
mol% of oxygen, and thereby, less noise is caused even with 
the recording capacity of 250G or more bits per square inch. 
0027 Moreover, according to the present invention, a per 
pendicular magnetic recording medium can be provided 
which can improve recording density by achieving compat 
ibility between a track width and SNR, namely by maintain 
ing the film thickness of the auxiliary recording layer to keep 
OW characteristics in a good State while narrowing a track 
width and improving SNR. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 shows a schematic configuration of a mag 
netic disk according to Embodiment 1 of the present inven 
tion. 
0029 FIG. 2 illustrates an auxiliary recording layer of the 
magnetic disk shown in FIG. 1. 
0030 FIG. 3 illustrates a configuration of a perpendicular 
magnetic recording medium according to Embodiment 2 of 
the present invention. 
0031 FIG. 4 illustrates a layer structure from a main 
recording layer to an auxiliary recording layer of FIG. 3. 
0032 FIG. 5 shows comparisons of track widths and 
SNRs between examples where a granular auxiliary record 
ing layer and a non-granular auxiliary recording layer of a 
varied film thickness are included and comparative examples 
where only a non-granular auxiliary recording layer is 
included. 
0033 FIG. 6 illustrates growth of magnetic particles in the 
case where a magnetic layer which constitutes a magnetic 
recording layer is formed by a single deposition. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0034 Preferred embodiments of the present invention will 
be described in details with reference to the accompanying 
drawings. The dimensions, materials, and others such as spe 
cific numerical values mentioned in these embodiments are 
merely illustrated to facilitate understanding of the invention, 
and are not meant to limit the present invention unless other 
wise specified. Note that, in the specification and the draw 
ings, components having Substantially the same functions and 
structures are assigned the same reference characters to omit 



US 2015/0027877 A1 

redundant descriptions, and that components not directly 
relating to the present invention are not shown in the draw 
ings. 

Embodiment 1 

0035 FIG. 1 shows a schematic configuration of a mag 
netic disk according to Embodiment 1 of the present inven 
tion. A medium of a perpendicular magnetic recording system 
(a perpendicular magnetic recording medium) 100 shown in 
FIG. 1 is configured by sequentially laminating a disk Sub 
strate 10, an adhesive layer 12, a soft magnetic layer 14, an 
orientation control layer 16, an underlayer 18, a magnetic 
recording layer 20, an auxiliary recording layer 22, a medium 
protective layer 24, and a lubricant layer 26. 
0036. For example, a glass substrate, an aluminum sub 
strate, a silicon Substrate, or a plastic Substrate can be used as 
the disk substrate (a substrate for a magnetic disk) 10. If a 
chemically strengthened glass Substrate with a Smooth Sur 
face is used as a Substrate 1, the Substrate can be manufactured 
by a manufacturing process including for example: a material 
processing step and a first lapping step; an end forming step (a 
coring step of forming a hole, a chamfering step (a chamfered 
Surface forming step) of forming a chamfered Surface on an 
end (an outer peripheral end and/or an inner peripheral end)); 
an end polishing step (for an outer peripheral end and an inner 
peripheral end); a second lapping step; a main Surface polish 
ing step (first and second polishing steps); and a chemically 
strengthening step. 
0037. The adhesive layer 12 can improve adhesion 
between the disk substrate 10 and the soft magnetic layer 14, 
thereby preventing peeling of the soft magnetic layer 14. For 
example, a CrTialloy can be used as a material of the adhesive 
layer 12. 
0038. The soft magnetic layer 14 is a layer which causes a 
magnetic field generated from a main magnetic pole of a 
magnetic recording head to pass through. Examples of a 
material constituting the Soft magnetic layer 14 include, for 
example, a CoFeTaZr alloy. In addition, the soft magnetic 
layer 14 may be configured so that a non-magnetic spacer 
layer is interposed between a first Soft magnetic layer and a 
second soft magnetic layer to cause AFC (Antiferromagnetic 
exchange coupling). Thereby, the magnetizing direction of 
the soft magnetic layer 14 can be aligned along a magnetic 
path (magnetic circuit) with high accuracy, and the perpen 
dicular components of the magnetizing direction can be 
extremely reduced, so that less noise can be caused from the 
Soft magnetic layer 14. Here, for example, Ru (ruthenium) 
can be used as a material of the spacer layer. 
0039. The orientation control layer 16 has effects of pro 
tecting the Soft magnetic layer 14 and of promoting the align 
ment of the orientation of crystal grains in the underlayer 18. 
A material of the orientation control layer can be selected 
from Ni, Cu, Pt, Pd, Zr, Hf, and Nb. Further, the material may 
be an alloy based on any of the metals and including any one 
or more of additional elements of Ti,V, Ta, Cr, Mo, and W. For 
example, NiW. NiCr, a NiTa alloy, a CuW alloy, and a CuCr 
alloy can be selected suitably. Moreover, the orientation con 
trol layer may be formed of two or more layers. 
0040. The underlayer 18 has an hop structure and enables 
crystals of anhcp structure in the magnetic recording layer 20 
to grow into those of a granular structure (of a structure 
having non-magnetic regions between granular columnar 
particles). Therefore, as the crystal orientation of the under 
layer 18 is higher, the orientation of the magnetic recording 
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layer 20 can be improved. In addition, in order to give sepa 
rativeness, the underlayer 18 may be formed of a lower layer 
to which a lower Ar pressure is applied at the time of depo 
sition and an upper layer to which a higher Ar pressure is 
applied thereat. In addition to Ru, a material of the underlayer 
can be selected from Re, Pt, a RuCr alloy, a RuCo alloy and 
the like. Ru has an hcp structure and can satisfactorily orient 
the Co-based magnetic recording layer. Any oxide may be 
also added. 
0041. The magnetic recording layer 20 is formed on a disk 
substrate 10 directly or via an intermediate layer. In the mag 
netic recording layer 20, two or more kinds of oxides (here 
inafter referred to as “composite oxides') are contained, 
thereby causing the composite oxides to be precipitated in a 
non-magnetic grainboundary. Namely, Crand the composite 
oxides, which are non-magnetic Substances, (non-magnetic 
region 20a) in the magnetic recording layer 20 are precipi 
tated around Co, which is a magnetic Substance, to form the 
grainboundary, thereby magnetic particles (magnetic grains) 
20b growing in a granular structure of a columnar shape 
(granular magnetic recording layer). 
0042. Here, examples of a material constituting the granu 
lar magnetic recording layer include, for example, CoCrPt— 
SiO (hcp crystal structure), CoCrPt TiO (hcp crystal 
structure). Also, the thickness of the magnetic recording layer 
20 is preferably 5 to 15 nm. 
0043 Moreover, the magnetic recording layer 20 may be 
formed by laminating two or more thin films. For example, 
the magnetic recording layer can be formed of two or more 
layers (lamination film) by depositing any of the above-men 
tioned materials in multiple times. Thereby, magnetic par 
ticles can be prevented from being enlarged as magnetic 
particles are deposited, and the particle diameters from the 
lower layer to the upper layer can be made uniform. Note that 
the same material or different materials may be used as a film 
to be laminated. 
0044) The auxiliary recording layer 22 is formed above the 
granular magnetic layer, and causes exchange coupling 
among the granular columnar particles in the granular mag 
netic layer. The auxiliary recording layer 22 is preferably a 
thin film (continuous layer) which has high perpendicular 
magnetic anisotropy and shows high Saturation magnetiza 
tion MS, and has magnetic continuity in the in-plane direction 
of the disk substrate. The auxiliary recording layer 22 is 
intended to improve the reverse magnetic domain nucleus 
forming magnetic field Hn, thermal fluctuation resistance, 
and overwrite characteristics. Examples of a material of the 
auxiliary recording layer 22 include CoCrPtB CuO. 
CoCrPtB CoO, CoCrPtB Co-O CoCrPtB CrOs. 
CoCrPtB-SiO, and CoCrPtB TiO, as well as other those 
obtained by adding various oxides to alloys other than 
CoCrPtB, such as CoPt, CoCrPt, CoCrPtTa, CoCrPtCu, and 
CoCrPtBCu. Furthermore, the auxiliary recording layer can 
be formed by reactive sputtering where oxygen is added at a 
Suitable partial pressure at the time of Sputtering the alloys. 
0045. Furthermore, the auxiliary recording layer 22 con 
tains 0.1 to 3 mol% of oxygen. It is preferable that the amount 
of oxygen contained in the auxiliary recording layer 22 is less 
than that in the granular magnetic recording layer 20. With the 
amounts set up in this way, the auxiliary recording layer 22 
can be prevented from being magnetically separated, thereby 
maintaining an effect as an auxiliary recording layer (effect of 
making exchange coupling between granular columnar par 
ticles). Note that the amount of "oxygen' is calculated in 
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terms of oxygen molecules (O). For example, 2 mol % of 
CuO contain 1 mol of oxygen molecules, and 2 mol% of SiO, 
2 mol of oxygen molecules. 
0046. In the auxiliary recording layer 22, as shown in FIG. 
2, oxygen precipitates in a state of oxide, or as a compound 
obtained by combining oxygen with other atoms. The pre 
cipitate 22a is deposited on the non-magnetic region 20a of 
the magnetic recording layer 20. When the auxiliary record 
ing layer 22 is formed by Sputtering with use of a sputtering 
target containing an oxide, oxygen precipitates in a state of 
oxide. Meanwhile, when the auxiliary recording layer 22 is 
formed by reactive Sputtering where oxygen is incorporated 
at a partial pressure of 0.5 to 3%, oxygen precipitates as a 
compound obtained by combining with atoms Such as Co or 
Cr. The thickness of the auxiliary recording layer 22 is pref 
erably 5 to 10 nm. In addition, the auxiliary recording layer 22 
may be formed of two or more films. 
0047. With 0.1 to 3 mol % of oxygen positively contained 
in the auxiliary recording layer 22 in this way, structural 
non-uniformity caused in the course of laminating the auxil 
iary recording layer can be reduced, and accordingly noise 
from the auxiliary recording layer resulting from the non 
uniformity can be reduced. Furthermore, as a result of the 
improvement in the characteristics of the auxiliary recording 
layer, the exchange coupling among the granular columnar 
particles in the magnetic recording layer 20 can be controlled 
more easily. Thereby, general noises from the magnetic 
recording layer 20 to the auxiliary recording layer 22 can be 
reduced. This effect is remarkable especially in a disk with the 
recording capacity of 250 G or more bits per square inch. 
0048. The medium protective layer 24 is formed by depos 
iting carbon by a CVD method while maintaining a vacuum. 
The medium protective layer 24 is a protective layer for 
protecting the perpendicular magnetic recording layer against 
impacts from a magnetic recording head. In general, as com 
pared with carbon deposited by a sputtering method, carbon 
deposited by a CVD method has higher film hardness, and 
thereby can more effectively protect the perpendicular mag 
netic recording layer against impacts from the magnetic 
recording head. The thickness of the medium protective layer 
24 is preferably 2 to 5 nm. 
0049. The lubricant layer 26 is formed by depositing PFPE 
(perfluoropolyether) by a dip-coating method. Here, the 
thickness of the lubricant layer 26 is approximately 1 nm. 
0050. In the perpendicular magnetic recording medium 
100 shown in FIG. 1, a separation layer which is a non 
magnetic layer may be interposed between the magnetic 
recording layer 20 and the auxiliary recording layer 22. With 
the separation layer interposed, the strength of ferromagnetic 
exchange coupling between the magnetic recording layer 20 
and the auxiliary recording layer 22 can be controlled. As a 
result, the strength of magnetic coupling between the colum 
nar magnetic particles present in the magnetic recording layer 
20 can be also controlled, thereby further improving the 
medium characteristics. The separation layer can be formed 
of thin films of Ruthenium (Ru) or a Ru alloy or compound 
obtained by adding Cr, Co, oxygen or oxide to Ru. 
0051. In the manufacturing of the magnetic disk having 
the above-mentioned configuration, amorphous aluminosili 
cate glass is first molded in a disk shape by direct-pressing to 
make a glass disk. Then, the glass disk is sequentially ground, 
polished, and chemically strengthened to obtain a smooth 
non-magnetic disk Substrate 10 composed of the chemically 
strengthened glass disk. 
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0.052 On the resultant disk substrate 10, films from the 
adhesive layer 12 to the auxiliary recording layer 22 are 
sequentially deposited in an Aratmosphere by DC magnetron 
sputtering with use of a vacuumed film forming device, and 
the medium protective layer 24 is deposited by a CVD 
method. Then, the lubricant layer 26 is formed by a dip 
coating method. 
0053. In the deposition of the auxiliary recording layer 22, 
0.1 to 3 mol% of oxygen is made contained. For example, the 
auxiliary recording layer 22 is formed by Sputtering with use 
of a sputtering target containing oxide, or by reactive sputter 
ing where oxygen is incorporated at a partial pressure of 0.5 
to 3%. 
0054 Thus, the magnetic disk according to the present 
invention is provided with the auxiliary recording layer con 
taining 0.1 to 3 mol % of oxygen on the magnetic recording 
layer, thereby improving uniformity of the grain boundary 
among magnetic particles in the auxiliary recording layer. As 
a result, uniformity in magnetic continuity is also improved, 
and consequently noise can be reduced even in a magnetic 
disk comprising the magnetic recording layer, which has a 
granular structure and a recording capacity of 250 G or more 
bits per square inch. 

Embodiment 2 

0055. In Embodiment 2, a magnetic disk configuration 
different from that according to Embodiment 1 will be 
described. 
0056. In general, important for improving a recording den 
sity in a magnetic disk are improvements in static magnetic 
characteristics such as the coercive force Hc and reverse 
magnetic domain nucleus forming magnetic field Hn men 
tioned above, and in electromagnetic conversion characteris 
tics such as overwrite characteristics (OW characteristics), 
SNR (Signal Noise Ratio), and narrowing of track width. In 
particular, the auxiliary recording layer may be disposed 
above or below the magnetic recording layer in order to 
improve OW characteristics. The auxiliary recording layer is 
a magnetic layer almost magnetically continuous in the in 
plane direction on the main surface of the disk Substrate, and 
improves the OW characteristics by exerting a magnetic inter 
action on the magnetic recording layer to raise the reverse 
magnetic domain nucleus forming magnetic field Hn. 
0057. However, with the auxiliary recording layer dis 
posed, so-called “blurred writing is caused and the track 
width is increased in exchange for the improvement in the 
OW characteristics. Moreover, the blurred writing has an 
influence on adjacent recording bits and tracks, deteriorating 
the signal quality of the adjacent tracks. In other words, the 
auxiliary recording layer is originally intended to improve a 
Surface recording density by lowering coercive force Hc and 
improving SNR to improve a linear recording density, but the 
influence of the existence of the auxiliary recording layer on 
the adjacent tracks reduces track density and accordingly 
lowers surface recording density. On the other hand, if the 
thickness of the auxiliary recording layer is made thinner in 
order to avoid the blurred writing, then recording itself will be 
difficult (due to poorer OW characteristics), and more noise 
will be caused. 
0058. Therefore, it is necessary to deposit the auxiliary 
recording layer with a suitable film thickness. However, the 
behavior of the auxiliary recording layer is very sensitive to 
its film thickness: namely, if there is any difference in film 
thickness from an ideal value, blurred writing will increase or 
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the OW characteristics will deteriorate. Thus, in the auxiliary 
recording layer, the blurred writing and the OW characteristic 
are in a trade-off relation, and are difficult to stably balance as 
desired. 
0059 An object of Embodiment 2 is to provide a magnetic 
disk which can improve recording density by achieving com 
patibility between a track width and SNR, namely by main 
taining the film thickness of the auxiliary recording layer to 
keep OW characteristics in a good state while narrowing a 
track width and improving SNR. 
0060. In order to solve the above-mentioned problems, the 
inventor earnestly considered and conceived that the auxiliary 
recording layer is formed so as to have a two-layer structure, 
in which one layer at a closer side to the magnetic recording 
layer has a granular structure and acts as a pin layer (magne 
tization direction fixing layer) for another layer at a far side. 
The structure is described below with reference to the draw 
ings. 
0061 Perpendicular Magnetic Recording Medium 
0062 FIG. 3 illustrates the configuration of a perpendicu 
lar magnetic recording medium 150 according to Embodi 
ment 2. The perpendicular magnetic recording medium 150 
shown in FIG. 3 is composed of a disk substrate 110, an 
adhesion layer (adhesive layer) 112, a first soft magnetic layer 
114a, a spacer layer 114b, a second soft magnetic layer 114c, 
a primary underlayer 116 (non-magnetic layer), a first under 
layer 118a, a second underlayer 118b, a non-magnetic granu 
lar layer 120, a lower recording layer 122a, an interposed 
layer 122b, a first main recording layer 122c, a second main 
recording layer 122d, a separation layer 124, a granular aux 
iliary recording layer 126a, a non-granular auxiliary record 
ing layer 126b, a medium protective layer 128, and a lubricant 
layer 130. The first soft magnetic layer 114a, the spacer layer 
114b, and the second soft magnetic layer 114c together con 
stitutes a soft magnetic layer 114. The first underlayer 118a 
and the second underlayer 118b together constitutes an 
underlayer 118. The lower recording layer 122a, the inter 
posed layer 122b, the first main recording layer 122c, and the 
second main recording layer 122d together constitutes a mag 
netic recording layer 122. The granular auxiliary recording 
layer 126a and the non-granular auxiliary recording layer 
126b together constitutes an auxiliary recording layer 126. 
0063 As the disk substrate 110, a glass disk can be used 
which is obtained by molding amorphous aluminosilicate 
glass in a disk shape by direct-pressing. Note that there is no 
particular restriction on the type, size, thickness, and others of 
the glass disk. Examples of a material of the glass disk 
include, for example, aluminosilicate glass, Soda lime glass, 
Soda aluminosilicate glass, aluminoborosilicate glass, boro 
silicate glass, quartz glass, chain silicate glass, or glass 
ceramic Such as crystallized glass. The glass disk is sequen 
tially ground, polished, and chemically strengthened to 
obtain a Smooth non-magnetic disk Substrate 110 composed 
of chemically strengthened glass disk. 
0064 On the substrate 110, films from the adhesion layer 
112 to the auxiliary recording layer 126 are sequentially 
deposited by a DC magnetron Sputtering method, and the 
medium protective layer 128 can be deposited by a CVD 
method. Then, the lubricant layer 130 can be deposited by a 
dip coating method. Note that it is also preferable to use an 
in-line deposition method because of its high productivity. 
The structure of individual layers will be described below. 
0065. The adhesion layer 112 is formed in contact with the 
disk Substrate 110, and has functions of increasing peel 
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strength between the soft magnetic layer 130 and the disk 
substrate 110 formed thereon, and of fining and uniforming 
crystal grains of each layer deposited on the soft magnetic 
layer 114. If the disk substrate 110 is composed of amorphous 
glass, the adhesive layer 112 is preferably an amorphous 
(non-crystalline) alloy film so as to be compatible with the 
amorphous glass Surface. 
0066. The adhesion layer 112 can be selected from, for 
example, a CrTi-based amorphous layer, a CoW-based amor 
phous layer, a CrW-based amorphous layer, a CrTa-based 
amorphous layer, or a CrNb-based amorphous layer. The 
adhesion layer 112 may be a single layer composed of a single 
material, or may be formed by laminating two or more layers. 
For example, a CoW or CrW layer may be formed on a CrTi 
layer. Moreover, these adhesive layers 112 are preferably 
made by sputtering with use of a material containing carbon 
dioxide, carbon monoxide, nitrogen or oxygen, or by expos 
ing the Surface layer to these gases. 
0067. The soft magnetic layer 114 is a layer for forming a 
magnetic path temporarily at the time of recording in order to 
allow a magnetic flux to pass through the record layer per 
pendicularly in a perpendicular magnetic recording system. 
The soft magnetic layer 114 may be configured so that the 
non-magnetic spacer layer 114b is interposed between the 
first soft magnetic layer 114a and the second soft magnetic 
layer 114c to cause AFC (Antiferromagnetic exchange cou 
pling). Thereby, the magnetizing direction of the soft mag 
netic layer 114 can be aligned along the magnetic path (mag 
netic circuit) with high accuracy, and the perpendicular 
components of the magnetizing direction can be extremely 
reduced, so that less noise can be caused from the Soft mag 
netic layer 114. For example, a cobalt-based alloy such as 
CoTaZr, a Co-Fe-based alloy such as CoCrEeB or CoFe 
TaZr, or a Ni-Fe-based alloy such as a Ni Fe?Sn, multi 
layer structure can be used to compose the first soft magnetic 
layer 114a and the second soft magnetic layer 114c. 
0068. The primary underlayer (orientation control layer) 
116 is a non-magnetic layer, or namely a non-magnetic alloy 
layer, and has effects of protecting the soft magnetic layer 114 
and of promoting the alignment of the orientation of crystal 
grains in the underlayer 118. A material of the primary under 
layer 116 can be specifically selected from Ni, Cu, Pt, Pd, Zr, 
Ta, Hf, and Nb. Further, the material may be an alloy based on 
any of the metals and including any one or more of additional 
elements of Ti,V. Ta, Cr, Mo, and W. For example, NiW. NiCr, 
a NiTa alloy, a CuWalloy, and a CuCr alloy can be selected 
suitably. Moreover, the primary underlayer layer may be 
formed of two or more layers. 
0069. This improves the roughness of each boundary sur 
face between two or more layers formed on the soft magnetic 
layer 114, and thereby improves the crystal orientation of 
these layers. Therefore, SNR and recording density can be 
improved. 
0070 The underlayer 118 has an hep structure and an 
effect of growing Co crystals of an hcp structure in the mag 
netic recording layer 122 into those of a granular structure. 
Therefore, as the crystal orientation of the underlayer 118 is 
higher, namely as the crystal (0001) surface of the underlayer 
118 is more parallel to the main surface of the disk substrate 
110, the orientation of the magnetic recording layer 122 can 
be improved. In addition, in order to give separativeness, the 
underlayer 118 may be formed of a lower layer to which a 
lower Ar pressure is applied at the time of deposition and an 
upper layer to which a higher Arpressure is applied thereat. A 
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material of the underlayer 118 is typically Ru, but can be also 
selected from Re, Pt, RuCr, or RuCo. Ru has an hcp structure 
and a similar crystal interatomic distance to that of Co, and 
can therefore satisfactorily orient the Co-based magnetic 
recording layer 122. Any oxide may be also added. 
(0071. If the underlayer 118 is made of Ru, the underlayer 
can be formed of two layers composed of Ruby changing a 
gas pressure at the time of Sputtering. Specifically, when the 
first underlayer 118a at a lower layer side is formed, Argas 
pressure is made the specified pressure, namely a lower pres 
sure, while when the second underlayer 118b at a upper layer 
side is formed, Argas pressure is made higher than that when 
the first underlayer 118a at a lower layer side is formed, 
namely a higher pressure. Thereby, the crystal orientation of 
the magnetic recording layer 122 can be improved by the first 
underlayer 118a, and the grain diameter of the magnetic 
particles in the magnetic recording layer 122 can be 
decreased by the second underlayer 118b. 
0072 Moreover, when the gas pressure is made higher, the 
mean free path of plasma ions to be sputtered becomes 
shorter, and accordingly the depositing speed becomes 
slower and a film rougher. As a result, separation and microni 
Zation of the crystal grains of Ru can be promoted, and the 
crystal grains of Co can be micronized. 
0073. Furthermore, minute amounts of oxygen may be 
incorporated into Ru of the underlayer 118. Thereby, separa 
tion and micronization of the crystal grains of Ru can be 
further promoted, and the magnetic recording layer 122 can 
be further isolated and micronized. Therefore, according to 
Embodiment 2, oxygen is incorporated into the second under 
layer, which is one of two layers constituting the underlayer 
118 and deposited just below the magnetic recording layer. In 
other words, the second underlayer is composed of RuO, so 
that the above-mentioned advantages can be acquired the 
most effectively. Note that, although oxygen may be incor 
porated by reactive sputtering, a target containing oxygen is 
preferably used at the time of Sputtering deposition. 
0.074 The non-magnetic granular layer 120 is a non-mag 
netic layer having a granular structure. By forming the non 
magnetic granular layer 120 on the hcpcrystal structure of the 
underlayer 118 and growing the granular layer of the lower 
recording layer 122a (namely, the whole of the magnetic 
recording layer 122) thereon, the magnetic granular layer can 
be separated from the stage of initial growth (initial rise). 
Thereby, isolation of magnetic particles in the magnetic 
recording layer 122 can be promoted. The non-magnetic 
granular layer 120 can be composed to have a granular struc 
ture, by precipitating non-magnetic Substances among non 
magnetic crystal grains composed of a Co-based alloy to form 
a grain boundary. 
0075 According to Embodiment 2, CoCr SiO, is used 
for Such a non-magnetic granular layer 120. Thereby, SiO, 
(non-magnetic Substance) precipitates between Co-based 
alloys (non-magnetic crystal grains) to form a grain bound 
ary, so that the non-magnetic granular layer 120 can have a 
granular structure. Note that CoCr SiO is merely an 
example and is not intended to be limiting. Besides, 
CoCrRu—SiO, can be suitably used, and furthermore, Rh 
(rhodium), Pd (palladium), Ag (silver), OS (osmium), Ir (iri 
dium), and Au (gold) can be also used instead of Ru.Note that 
a non-magnetic Substance means a Substance which can form 
a grain boundary portion (grain boundary region) around 
magnetic particles so as to suppress or block exchange inter 
action between the magnetic particles (magnetic grains), and 
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also means a non-magnetic Substance which does not form a 
solid solution with cobalt (Co). For example, silicon oxide 
(SiOx), chromium (Cr), chromium oxide (Cr2O), titanium 
oxide (TiO), Zirconium oxide (ZrO2), and tantalum oxide 
(Ta-Os) can be mentioned. 
0076 Note that Embodiment 2 has a configuration with 
the non-magnetic granular layer 120 formed on the under 
layer 118 (the second underlayer 118b), but is not intended to 
limit to the configuration, and that the perpendicular magnetic 
recording medium 100 may be also configured without form 
ing the non-magnetic granular layer 120. 
0077. The magnetic recording layer 122 has a columnar 
granular structure which is formed by precipitating a non 
magnetic Substance around the magnetic particles in a hard 
magnetic material selected from a Co-based alloy, a Fe-based 
alloy, and a Ni-based alloy to form the grainboundary (granu 
lar magnetic recording layer). By providing the non-magnetic 
granular layer 120, these magnetic particles can epitaxially 
grow continuously from the granular structure thereof. 
According to Embodiment 2, the magnetic recording layer 
122 is composed of the lower recording layer 122a, the inter 
posed layer 122b, the first main recording layer 122C, and the 
second main recording layer 122d. Thereby, Small crystal 
grains in the first main recording layer 122c and the second 
main recording layer 122d grow continuously from the crys 
tal particles (magnetic particles) in the lower recording layer 
122a, so that the main recording layer can be micronized and 
SNR can be improved. 
0078. According to Embodiment 2, CoCrPt—CrOs— 
SiO is used for the lower recording layer 122a. CoCrPt— 
Cr-Os—SiO forms a granular structure where CrOs and 
SiO (oxides), which are non-magnetic Substances, precipi 
tate around the magnetic particles (grains) composed of 
CoCrPt to form a grain boundary, and where the magnetic 
particles grow in a columnar shape. The magnetic particles 
epitaxially grew continuously from the granular structure of 
the non-magnetic granular layer 120. 
007.9 The interposed layer 122b is a non-magnetic thin 
film, and is interposed between the lower recording layer 
122a and the first main recording layer 122c to separate the 
magnetic continuity therebetween. Here, with the thickness 
of the interposed layer 122b being made the specified thick 
ness (0.2 to 0.9 nm), antiferromagnetic exchange coupling 
(AFC) may occur between the lower recording layer 122a and 
the first main recording layer 122c. Thereby, the layers at the 
upper and lower sides of the interposed layer 122b attract 
each other due to magnetization and act to mutually fix their 
magnetization directions, so that fluctuation of a magnetiza 
tion axis can be reduced, and less noise can be caused. 
0080. The interposed layer 122b is preferably composed 
of Ru or a Ru compound. The reason for this is that Ru has a 
similar interatomic distance to that of Co constituting mag 
netic particles, and therefore hardly impedes epitaxial growth 
of the crystal grains of Co even if interposed into the magnetic 
recording layer 122. Moreover, the epitaxial growth is hardly 
impeded because of extremely thin thickness of the inter 
posed layer 122b. 
I0081. Here, without the interposed layer 122b, the lower 
recording layer 122a would be a magnet which is continuous 
with the first main recording layer 122c and the second main 
recording layer 122d. However, since divided by the inter 
posed layer 122b, each of those layers becomes an individual 
short magnet. Further, by making the thickness of the lower 
recording layer 122a thinner, the aspect ratio of granular 
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magnetic particles shrinks (in the perpendicular magnetic 
recording medium, the film thickness direction is equal to the 
longitudinal direction of a easy magnetization axis), thereby 
strengthening a demagnetizing field which generates inside 
the magnet. Therefore, although having hard magnetism, the 
lower recording layer 122a emits a smaller magnetic moment 
outside, and is hardly captured by a magnetic recording head. 
In other words, a magnetic recording layer with high coercive 
force andless noise can be obtained by adjusting the thickness 
of the lower recording layer 122a to set a magnetic moment 
(magnetic strength) to Such a degree that a magnetic flux 
hardly reaches a magnetic recording head and that a magnetic 
interaction can be given to the first main recording layer 122c. 
0082. According to Embodiment 2, CoCrPt—SiO 
TiO is used for the first main recording layer 122c. Thereby, 
the first main recording layer 122c also formed a granular 
structure where SiO, and TiO, (composite oxides), which are 
non-magnetic Substances, precipitate around the magnetic 
particles (grains) composed of CoCrPt to form a grainbound 
ary, and where the magnetic particles grow in a columnar 
shape. 
0083. Moreover, according to Embodiment 2, although 
the second main recording layer 122d is continuous with the 
first main recording layer 122c, their compositions and film 
thickness are different. CoCrPt. SiO, TiO, CoO is 
used for the second main recording layer 122d. Thereby, the 
second main recording layer 122d also formed a granular 
structure where SiO, TiO, and Co-O (composite oxides), 
which are non-magnetic substances, precipitate around the 
magnetic particles (grains) composed of CoCrPt to form a 
grain boundary, and where the magnetic particles grow in a 
columnar shape. 
0084 As described above, according to Embodiment 2, 
the second main recording layer 122d is configured to contain 
more oxides than the first main recording layer 122c, so that 
separation of crystal grains can be promoted in stages from 
the first main recording layer 122c to the second main record 
ing layer 122d 
0085 Moreover, the second main recording layer 122d is 
made to contain Co oxides as described above. If an oxide 
Such as SiO2 or TiO is incorporated, oxygen will be depleted, 
and a Si or Ti ion will be mixed into magnetic particles, 
thereby disturbing crystal orientation and decreasing the 
coercive force Hc. Therefore, when a Co oxide is incorpo 
rated, the Co oxide can act as an oxygen carrier for making up 
for such oxygen depletion. As the Co oxide, CoO is men 
tioned, but CoO may be used. 
I0086 Co oxide has larger Gibss free energy AG (delta G) 
than SiO, and TiO, and facilitates separation between Co 
ions and oxygen ions. Therefore, oxygen preferentially sepa 
rates from Co oxide, and compensates oxygen depletion 
caused in SiO, or TiO, to make Si or Tiions into oxides and 
precipitate the oxides on a grain boundary. This prevents 
foreign particles such as Si and Ti from being mixing into 
magnetic particles and disturbing the crystallinity of the mag 
netic particles. Any surplus Co ions could be contained in the 
magnetic particles, but would not impair magnetic character 
istics because magnetic particles themselves are Co alloys. 
Consequently, the crystallinity and crystal orientation of the 
magnetic particles can be improved, and coercive force Hc 
can be increased. Moreover, there is another advantage that 
the overwrite characteristics are also improved because the 
saturation magnetization MS is improved. 

Jan. 29, 2015 

I0087 However, there is a problem that SNR decreases 
when Co oxide is mixed in the magnetic recording layer. 
Therefore, by providing the first main recording layer 122c 
containing no Co oxide as described above, high SNR can be 
secured in the first main recording layer 122c, while higher 
coercive force Hc and over write characteristics can be 
obtained in the second main recording layer 122d. Note that 
the film thickness of the second main recording layer 122d is 
preferably thicker than that of the first main recording layer 
122c, and, as a suitable example, the film thickness of the first 
main recording layer 122c can be 4 nm while that of the 
second main recording layer 122d can be 6 mm. 
0088. Note that the substances used for the lower record 
ing layer 122a, the first main recording layer 122c, and the 
second main recording layer 122d are merely examples, and 
are not intended to be limiting. Examples of a non-magnetic 
Substance for forming a grainboundary include, for example, 
oxides such as silicon oxide (SiOx), chromium (Cr), chrome 
oxide (CrxOy), titanium oxide (TiO), Zirconium oxide 
(ZrO2), tantalum oxide (Ta-Os), iron oxide (Fe2O), and 
boron oxide (BO). Moreover, nitride such as BN and car 
bide Such as B.C. can be also suitably used. 
I0089. Furthermore, according to Embodiment 2, two 
types of non-magnetic Substances (oxides) are used for the 
lower recording layer 122a and the first main recording layer 
122c while three types of those for the second main recording 
layer 122d, but they are not intended to be limiting. For 
example, one type of non-magnetic Substance or a combina 
tion of two or more types of non-magnetic Substances may be 
used for any or all of the layers from the lower recording layer 
122a to the second main recording layer 122d. Although the 
type of non-magnetic Substances contained therein is not 
limited, especially SiO, and TiO, are preferably incorporated 
as described in Embodiment 2. Therefore, unlike Embodi 
ment 2, if only one layer constitutes the magnetic recording 
layer from the lower recording layer 122a to the second main 
recording layer 122d (if the interposed layer 122b is not 
provided), the magnetic recording layer preferably comprises 
CoCrPt. SiO, TiO. 
0090 The separation layer 124 is a non-magnetic layer 
interposed between the magnetic recording layer 122 (the 
second main recording layer 122d) and the auxiliary record 
ing layer 126. By providing the separation layer, the strength 
of ferromagnetic exchange coupling between the magnetic 
recording layer and the auxiliary recording layer can be con 
trolled. The film thickness of the separation layer is prefer 
ably within the range of 0.1 to 1.0 nm. 
0091 Moreover, according to Embodiment 2, the separa 
tion layer 124 can be composed of a thin film containing Ru, 
a Ru compound, Ru and oxygen, or Ruandan oxide. This also 
reduces noise resulting from the auxiliary recording layer 
126. The reason for this is considered that, when the separa 
tion layer 124 is deposited, oxygen contained in the separa 
tion layer 124 precipitates on the oxides in the magnetic 
recording layer 122 and Ru precipitates on the magnetic 
particles, so that the crystal structure of Co in the magnetic 
recording layer 122 can be succeeded to Co of the auxiliary 
recording layer 126. 
0092 Various materials can be used as oxides to be incor 
porated into Ru of the separation layer 124, but especially 
alloys and oxides of W. Ti and Ru can be used to improve the 
electromagnetic conversion characteristic (SNR). For 
example, the separation layer 124 may be made of RuCr, 
RuCo, RuO, RuWO, or RuTiO, or any material obtained by 
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incorporating an oxide into RuCror RuCo. Especially, RuCr, 
RuCo, and WO can have a higher effect. 
0093. As for RuWo, the oxygen incorporated into Ru 
dissociates during sputtering, and the dissociated oxygen also 
shows the effect by oxygenation. In other words, RuWo is 
preferable for that reason that the use of Wo can provide both 
effects by oxygenation and oxide addition. Another reason 
may be because of higher material affinity at the time of 
laminating since oxides are incorporated in the layers above 
and below the separation layer according to Embodiment 2. 
Other examples of oxides include oxides such as siliconoxide 
(SiOx), chromium (Cr), chrome oxide (CrxOy), titanium 
oxide (TiO), Zirconium oxide (ZrO2), tantalum oxide 
(TaOs), iron oxide (FeO), and boron oxide (BO). More 
over, nitride such as BN and carbide such as BC can be also 
suitably used. Note that RuCrand RuCo is considered to show 
excellent characteristics because of higher affinity since Cr 
and Co are contained in the layers above and below the 
separation layer. 
0094. According to Embodiment 2, the auxiliary record 
ing layer 126 is composed of two layers of the granular 
auxiliary recording layer 126a and the non-granular auxiliary 
recording layer 126b. First, the non-granular auxiliary 
recording layer 126b will be described. The non-granular 
auxiliary recording layer 12.6b is a magnetic layer almost 
magnetically continuous in the in-plane direction of the main 
Surface of the Substrate. The non-granular auxiliary recording 
layer 126b needs to be adjacent or close to the magnetic 
recording layer 122 so as to have a magnetic interaction on the 
magnetic recording layer 122. The non-granular auxiliary 
recording layer 12.6b can be composed of for example, 
CoCrPt, CoCrPtB, or any substance obtained by incorporat 
ing minute amounts of oxides into them. An object of the 
non-granular auxiliary recording layer 126b is to adjust a 
reverse magnetic domain nucleus forming magnetic field Hn 
and a coercive force Hc and to thereby improve thermal 
fluctuation resistance, OW characteristics, and SNR. In order 
to attain this object, the non-granular auxiliary recording 
layer 126b preferably has high perpendicular magnetic 
anisotropy Ku and Saturation magnetization Ms. 
0095. Note that “magnetically continuous’ means that 
magnetism continues without interruption. “Almost continu 
ous' means that the non-granular auxiliary recording layer 
126b may be not necessarily a single magnet when observed 
as a whole and may have partially discontinuous magnetism 
due to the grain boundary of magnetic particles. In the grain 
boundary, not only crystals may be discontinuous, but also Cr 
may precipitates, or may be caused to precipitate by incorpo 
rating minute amounts of oxides thereinto. However, even if 
the grain boundary containing oxide is formed in the non 
granular auxiliary recording layer 126b, the area of the grain 
boundary is preferably smaller (less content of oxide) than 
that in the magnetic recording layer 122. Although the func 
tion and effect of the non-granular auxiliary recording layer 
126b are not necessarily clear, it is considered that the non 
granular auxiliary recording layer 126b has a magnetic inter 
action (makes exchange coupling) with the granular magnetic 
particles in the magnetic recording layer 122, thereby adjust 
ing Hn and HC to improve thermal fluctuation resistance and 
SNR. It is also considered that a crystal grain which is linked 
to a granular magnetic particle (a crystal grain having a mag 
netic interaction therewith) has a larger cross sectional area 
than the granular magnetic particle, thereby receiving more 
magnetic fluxes from a magnetic head and causing magneti 
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Zation reversal more easily, consequently leading to the 
improvement in the whole OW characteristics. 
0096 FIG. 4 illustrates a layer structure from the main 
recording layer to the auxiliary recording layer. According to 
Embodiment 2, the granular auxiliary recording layer 126a. 
which has higher coercive force than the non-granular auxil 
iary recording layer 126b and has a granular structure, is 
provided below the non-granular auxiliary recording layer 
126b. In FIG. 4, a shaded area shows granular magnetic 
particles. The granular auxiliary recording layer 126a is mag 
netically separated from the second main recording layer 
122d by the separation layer 124, and can reverse its magne 
tization direction independently from the second main 
recording layer 122d. Then, the granular auxiliary recording 
layer 126a exerts a magnetic interaction on the non-granular 
auxiliary recording layer 12.6b, thereby acting to make it hard 
to reverse the magnetization direction of the auxiliary record 
ing layer 126. Note that the thickness of the separation layer 
124 deposited is so extremely thin (approximately 0.7 nm) 
that the granular auxiliary recording layer 126a grows its 
crystals in Succession to the granular structure of the second 
main recording layer 122d. 
0097. According to the above-mentioned configuration, 
the granular auxiliary recording layer 126a having higher 
coercive force acts as a pin layer of the non-granular auxiliary 
recording layer 126b. Therefore, while more blurred writing 
are generally caused when a thicker auxiliary recording layer 
is used, a track width can be made narrower (blurred writing 
can be reduced) and SNR can be improved even if a thicker 
auxiliary recording layer is provided. Thus, compatibility 
between a track width and SNR can be achieved. 
0098. The above-mentioned granular auxiliary recording 
layer 126a has lower at % of Crand higher at % of CoPt than 
the first main recording layer 122c and the second main 
recording layer 122d. The reason is that, according to this 
composition, the granular auxiliary recording layer 126a has 
higher coercive force than the first main recording layer 122c 
and the second main recording layers 122d, and ideally acts as 
a pin layer of the non-granular auxiliary recording layer 126b. 
(0099. According to Embodiment 2, the difference (A-B) 
between the Cr concentration (A) of the magnetic recording 
layer 122 and the Cr concentration (B) of the granular auxil 
iary recording layer 126a is not less than 1 at 96 and not more 
than 4 at %. Compared to the first main recording layer 122c 
and the second main recording layer 122d. at 96 of Cris made 
smaller and at % of CoPt is made larger to increase coercive 
force. 
0100. According to Embodiment 2, the granular auxiliary 
recording layer 126a has thinner film thickness than the non 
granular auxiliary recording layer 126b. The reason for this is 
that, if the non-granular auxiliary recording layer 126b is 
made thinner, recording itself will be impossible, therefore 
the thickness of the non-granular auxiliary recording layer is 
maintained to keep OW characteristics, while a blurred writ 
ing is prevented by the granular auxiliary recording layer 
which acts as a pin layer of the non-granular auxiliary record 
ing layer 126b. According to Embodiment 2, it is preferable 
that the thickness of the granular auxiliary recording layer is 
0.5 to 5.0 nm, and that of the non-granular auxiliary recording 
layer is 4.0 to 8.0 nm. 
0101 The medium protective layer 128 can be formed by 
depositing carbon by a CVD method with maintaining a 
vacuum. The medium protective layer 128 is a layer for pro 
tecting the perpendicular magnetic recording medium 100 
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against impacts from a magnetic recording head. In general, 
as compared with carbon deposited by a sputtering method, 
carbon deposited by a CVD method has higher film hardness, 
and thereby can more effectively protect the perpendicular 
magnetic recording layer 100 against impacts from the mag 
netic recording head. 
0102 The lubricant layer 130 is deposited by coating 
PFPE (perfluoropolyether) by a dip-coating method. PFPE 
has a long-chain molecular structure and is bound to an N 
atom on the surface of the medium protective layer 128 with 
high affinity. This action of the lubricant layer 130 prevents 
damage or loss to the medium protective layer 128, even if the 
magnetic recording head makes contact with the Surface of 
the perpendicular magnetic recording medium 100. 
0103) The examples, which were implemented to make 
the effects of the present invention clear, will be described 
below. Note that, in the following description, Examples 1 
and 2 correspond to Embodiments 1 and 2, respectively. 

Example 1 

Example 1-1 

0104. An aluminosilicate-based amorphous chemically 
strengthened glass Substrate with a smooth surface was used 
as a non-magnetic Substrate. After being washed, the glass 
Substrate was placed into a DC magnetron Sputtering device 
to deposita Cr-50Tithin film of 10 nm in thickness (adhesive 
layer 12), a 92(40Fe-60Co)-3Ta-5Zr thin film of 24 nm in 
thickness (first soft magnetic layer), a Ruthin film of 0.5 nm. 
in thickness (spacer layer), a 92(40Fe-60Co)-3Ta-5Zr thin 
film of 24 nm in thickness (second soft magnetic layer 14), a 
95Ni-5W thin film of 5 nm in thickness (orientation control 
layer 16), a Ruthin film of 20 nm in thickness (underlayer 18), 
a 90(Co-14Cr-16Pt)-10(SiO2) thin film of 12 nm in thickness 
(magnetic recording layer 20), and an oxygen-containing 
Co-20Cr-19Pt-3B thin film of 7 nm in thickness (auxiliary 
recording layer 22), and then to deposit a medium protective 
layer 24 composed of carbon and having a thickness of 5 nm. 
As for the Argas pressure at the time of Sputtering of each 
metallic film except for the protective layer, the pressure is set 
to 0.6 Pa for the first half (10 nm in thickness) of the under 
layer 18, 5.0 Pa for the second half (10 nm in thickness) of the 
underlayer 18, 4.0 Pa for the magnetic recording layer 20, and 
0.6 Pa for other layers. Then, the glass substrate was removed 
from the DC magnetron Sputtering device, and was washed 
before being applied with a lubricant (PFPE) by a dip-coating 
method, and then was baked to form a lubricant layer 26 of 1 
nm in thickness. Thus produced was a magnetic disk of 
Example 1-1 for a recording capacity of 250 Gbits per square 
inch. The auxiliary recording layer 22 was deposited by reac 
tive Sputtering where oxygen gas was incorporated into treat 
ment gas (Argas) at a partial pressure of 3%, and then the 
oxygen content was confirmed to be 3 mol%. 

Example 1-2 

0105. A magnetic disk of Example 1-2 was produced in 
the same manner as in Example 1-1, except that instead of the 
oxygen-containing Co-20Cr-19Pt-3B thin film of 7 nm in 
thickness, an auxiliary recording layer 22 of 7 nm in thickness 
was formed by sputtering with use of a 98(Co-20Cr-19Pt 
3B)-2(CuO) target. 
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Example 1-3 

0106. A magnetic disk of Example 1-3 was produced in 
the same manner as in Example 1-1, except that instead of the 
oxygen-containing Co-20Cr-19Pt-3B thin film of 7 nm in 
thickness, an auxiliary recording layer 22 of 7 nm in thickness 
was formed by sputtering with use of a 98(Co-20Cr-19Pt 
3B)-2(CoO) target. 

Example 1-4 

0107. A magnetic disk of Example 1-4 was produced in 
the same manner as in Example 1-1, except that instead of the 
oxygen-containing Co-20Cr-19Pt-3B thin film of 7 nm in 
thickness, an auxiliary recording layer 22 of 7 nm in thickness 
was formed by sputtering with use of a 98(Co-20Cr-19Pt 
3B)-2(SiO) target. 

Example 1-5 

0108. A magnetic disk of Example 1-5 was produced in 
the same manner as in Example 1-1, except that instead of the 
oxygen-containing Co-20Cr-19Pt-3B thin film of 7 nm in 
thickness, an auxiliary recording layer 22 of 7 nm in thickness 
was formed by sputtering with use of a 98(Co-20Cr-19Pt 
3B)-2(TiO) target. 

Example 1-6 

0109. A magnetic disk of Example 1-6 was produced in 
the same manner as in Example 1-1, except that instead of the 
oxygen-containing Co-20Cr-19Pt-3B thin film of 7 nm in 
thickness, an auxiliary recording layer 22 of 7 nm in thickness 
was formed by sputtering with use of a 94(Co-20Cr-19Pt 
3B)-6(CuO) target. 

Comparative Example 1-1 

0110. A magnetic disk of Comparative Example 1-1 was 
produced in the same manner as in Example 1-1, except that 
instead of the oxygen-containing Co-20Cr-19Pt-3B thin film 
of 7 nm in thickness, an auxiliary recording layer 22 was 
formed which is composed of a Co-20Cr-19Pt-3B thin film of 
7 nm in thickness. 

Comparative Example 1-2 

0111. A magnetic disk of Comparative Example 1-1 was 
produced in the same manner as in Example 1-1, except that 
instead of the oxygen-containing Co-20Cr-19Pt-3B thin film 
of 7 nm in thickness, an auxiliary recording layer 22 was 
formed which is composed of a 92(Co-20Cr-19Pt-3B)-8 
(Cuo) thin film of 7 nm in thickness. 
0112 The magnetic disks of Examples 1-1 to 1-6 and 
Comparative Examples 1-1 and 1-2 were investigated for 
track width (magnetic write width (MWW)) and bit error rate 
(digit). The results are shown in Table 1 below. Note that the 
biterror rate was calculated by the following formula (I), after 
107 pieces of known random data were recorded at 1300kFCI 
(overwrite characteristics) using a spin stand and the number 
of reading errors was counted. In addition, the magnetic write 
width was calculated from the track profile using the spin 
stand. 

bER=log(number of errors/number of data pieces) Formula (1) 
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Oxygen Track Bit 
content width error rate 

Auxiliary recording layer Process (mol%) (nm) (digit) 

Example 1-1 Co- 200r 19Ft. 3B Reactive sputtering 3 108 -6.1 
Example 1-2 98(Co–20Cr-19 Pt—3B)–2(CuO) Sputtering 1 106 -6.5 
Example 1-3 98(Co–20Cr-19 Pt—3B)–2(CoO) Sputtering 1 106 -6.3 
Example 1-4 98(Co–20Cr-19 Pt—3B)–2(Si2O) Sputtering 2 107 -5.7 
Example 1-5 98(Co–20Cr 19Pt—3B)–2(TiO) Sputtering 2 109 -58 
Example 1-6 94(Co–20Cr-19 Pt—3B)–6(CuO) Sputtering 3 106 -58 
Comparative Example 1-1 Co–20Cr—19Pt—3B Sputtering O 107 -5.2 
Comparative Example 1-2 92(Co–20Cr-19 Pt—3B)–8(CuO) Sputtering 4 106 -5.2 

0113. As can be seen from Table 1, the biterror rates of the 
magnetic disks of Examples 1-1 to 1-6 were relatively lower. 
The reason for this is considered that with 0.1 to 3 mol % of Example 1-9 oxygen contained in the auxiliary recording layers, structural 
non-uniformity caused in the course of laminating the auxil 
iary recording layer was able to be reduced, and accordingly 
noise from the auxiliary recording layer resulting from the 
non-uniformity was reduced. On the other hand, the bit error 
rate of the magnetic disk of Comparative Example 1-1 was 
relatively higher. The reason for this is considered that with 
out any oxygen contained in the auxiliary recording layer, the 
grain boundary portion present between magnetic particles 
became unstable and the film uniformity degraded, thereby 
noise became larger. The bit error rate of the magnetic disk of 
Comparative Example 1-2 was also relatively higher com 
pared to that of the magnetic disks of Examples 1-1 to 1-6. 
The reason for this is considered that with more than 3 mol% 
(4 mol %) of oxygen contained in the auxiliary recording 
layer, the magnetic continuity in the in-plane direction of the 
magnetic disk was excessively lost, thereby the overwrite 
characteristics deteriorated. Note that the track widths in any 
Examples were within the range of +2 nm of the values in 
Comparative Examples, and can be therefore considered 
equivalent in view of a measurement error. 
0114. Next, examples will be described where a magnetic 
recording layer is formed so as to contain two or more oxides. 

Example 1-7 

0115. A magnetic disk of Example 1-7 was produced in 
the same manner as in Example 1-1, except that instead of the 
90(Co-14Cr-16Pt)-10(SiO2) thin film of 12 nm in thickness, 
a magnetic recording layer 20 of 12 nm in thickness was 
formed by sputtering with use of a 90(Co-14Cr-16Pt)-5 
(SiO2)-5(TiO) target, and instead of the oxygen-containing 
Co-20Cr-19Pt-3B thin film of 7 nm in thickness, an auxiliary 
recording layer 22 of 7 nm in thickness was formed by sput 
tering with use of a 98(Co-20Cr-19Pt-3B)-2(CuO) target. 

Example 1-8 

0116. A magnetic disk of Example 1-8 was produced in 
the same manner as in Example 1-1, except that instead of the 
90(Co-14Cr-16Pt)-10(SiO2) thin film of 12 nm in thickness, 
a magnetic recording layer 20 of 12 nm in thickness was 
formed by sputtering with use of a 89(Co-14Cr-16Pt)-5 
(SiO)-5(TiO)-1 (CoO) target, and instead of the oxygen 
containing Co-20Cr-19Pt-3B thin film of 7 nm in thickness, 
an auxiliary recording layer 22 of 7 nm in thickness was 
formed by sputtering with use of a 98(Co-20Cr-19Pt-3B)-2 
(CuO) target. 

0117. A magnetic disk of Example 1-9 was produced in 
the same manner as in Example 1-1, except that instead of the 
90(Co-14Cr-16Pt)-10(SiO2) thin film of 12 nm in thickness, 
a magnetic recording layer 20 of 12 nm in thickness was 
formed by sputtering with use of a 90(Co-14Cr-16Pt)-5 
(SiO2)-5(TiO) target, and instead of the oxygen-containing 
Co-20Cr-19Pt-3B thin film of 7 nm in thickness, an auxiliary 
recording layer 22 of 7 nm in thickness was formed by sput 
tering with use of a 98(Co-20Cr-19Pt-3B)-2(CoO) target. 

Example 1-10 

0118. A magnetic disk of Example 1-10 was produced in 
the same manner as in Example 1-1, except that instead of the 
90(Co-14Cr-16Pt)-10(SiO) thin film of 12 nm in thickness, 
a magnetic recording layer 20 of 12 nm in thickness was 
formed by sputtering with use of a 89(Co-14Cr-16Pt)-5 
(SiO2)-5(TiO)-1 (CoO) target, and instead of the oxygen 
containing Co-20Cr-19Pt-3B thin film of 7 nm in thickness, 
an auxiliary recording layer 22 of 7 nm in thickness was 
formed by sputtering with use of a 98(Co-20Cr-19Pt-3B)-2 
(CoO) target. 

Example 1-11 

0119) A magnetic disk of Example 1-11 was produced in 
the same manner as in Example 1-1, except that instead of the 
90(Co-14Cr-16Pt)-10(SiO2) thin film of 12 nm in thickness, 
a magnetic recording layer 20 of 12 nm in thickness was 
formed by sputtering with use of a 90(Co-14Cr-16Pt)-10 
(TiO) target, and instead of the oxygen-containing Co-20Cr 
19Pt-3B thin film of 7 nm in thickness, an auxiliary recording 
layer 22 of 7 nm in thickness was formed by sputtering with 
use of a 98(Co-20Cr-19Pt-3B)-2(CuO) target. 
0.120. The magnetic disks of Examples 1-7 to 1-11 were 
investigated for magnetic write width (MWW) and bit error 
rate (digit). The results are shown in Table 2 below. Note that 
the bit error rate was calculated by the above-mentioned 
formula (I), after 107 pieces of known random data were 
recorded at 1300kFCI (overwrite characteristics) using a spin 
stand and the number of reading errors was counted. In addi 
tion, the magnetic write width was calculated from the track 
profile using the spin stand. 



US 2015/0027877 A1 Jan. 29, 2015 
11 

TABLE 2 

Oxygen Track Bit 
content width error rate 

Magnetic recording layer Auxiliary recording layer (mol%) (nm) (digit) 

Example 1-7 90(Co—14Cr—16Pt)–5(SiO2)–5(TiO2) 98(Co–20Cr 19Pt 3B) 2(CuO) 1 104 -6.8 
Example 1-8 89(Co–14Cr—16Pt)–5(SiO2)–5(TiO)—1 (CoO) 98(Co–20Cr 19Pt—3B)—2(CuO) 1 101 -6.9 
Example 1-9 90(Co—14Cr—16Pt)–5(SiO2)–5(TiO2) 98(Co–20Cr 19Pt 3B) 2(CuO) 1 105 -6.6 
Example 1-10 89(Co—14Cr—16Pt)–5(SiO2)–5(TiO2)–1 (CoO) 98(Co–20Cr-19Pt—3B)–2(CuO) 1 101 -6.7 
Example 1-11 90(Co–14Cr—16Pt)—10(TiO) 98(Co–20Cr 19Pt 3B) 2(CuO) 1 106 -6.7 

0121 According to Table 2, it was confirmed that the TABLE 3 
magnetic recording layer having two or more oxides 
improved the characteristics better. The reason for this is as Film Track Bit 
follows. In the magnetic layer with a granular structure, thickn idth 
which is deposited by sputtering, such as 90(Co-14Cr-16Pt)- CKle:SS WI eror re 
10(SiO2), oxygen is depleted, and consequently Si is incor- Separation layer (nm) (nm) (digit) 
porated into the inside of magnetic particles (CCP), deterio 
rating magnetic anisotropy energy, but oxygen depletion can Example 1-8 None O 101 -6.9 

be April by AS SE that atti, Example 1-12 Ru O.3 98 -7.2 Example 1-8 shows the best characteristics. The reason for Example 1-13 Ru 10(WO O.S 98 -7.4 this is considered that Co oxide has higher Gibbs energy (is xample u—10(WO) 
unstable as an oxide), so that Co and O can be easily sepa- Example 1-14 Ru–50Co 0.4 97 -7.5 
rated, and that the separated Co is incorporated into the inside 
of a magnetic layer to allow O to compensate oxygen deple 
tion in Sior Ti. Here, CoO was used, but CoO may be used. I0127. According to Table 3, it was confirmed that the 
0122) Next, examples will be described where a separation 
layer is formed between the magnetic recording layer and the 
auxiliary recording layer. 

Example 1-12 

0123. A magnetic disk of Example 1-12 was produced in 
the same manner as in Example 1-8, except that a separation 
layer was formed between the magnetic recording layer and 
the auxiliary recording layer. The separation layer was 
formed of a Ruthin film of 0.3 nm in thickness by sputtering 
at an Argas pressure of 0.6 Pa. 

Example 1-13 

0.124. A magnetic disk of Example 1-13 was produced in 
the same manner as in Example 1-8, except that a separation 
layer was formed between the magnetic recording layer and 
the auxiliary recording layer. The separation layer was 
formed of a Ru-10(WO) thin film of 0.5 nm in thickness by 
sputtering at an Argas pressure of 0.6 Pa. 

Example 1-14 

0.125. A magnetic disk of Example 1-14 was produced in 
the same manner as in Example 1-8, except that a separation 
layer was formed between the magnetic recording layer and 
the auxiliary recording layer. The separation layer was 
formed of a Ru-50Co thin film of 0.4 nm in thickness by 
sputtering at an Argas pressure of 0.6 Pa. 
0126 The magnetic disks of Examples 1-12 to 1-14 were 
investigated for magnetic write width (MWW) and bit error 
rate (digit). The results are shown in Table 3 below. 

characteristics were improved by interposing the separation 
layer between the magnetic recording layer and the auxiliary 
recording layer. 

I0128. Next, examples will be described where a magnetic 
recording layer is formed of two or more layers. 

Example 1-15 

I0129. A magnetic disk of Example 1-15 was produced in 
the same manner as in Example 1-12, except that a magnetic 
disk was configured so as to have a laminated structure (three 
layered structure). The laminated structure of the magnetic 
recording layer was deposited in three stages by Sputtering 
with use of an 89(Co-14Cr-16Pt)-5(SiO)-5(TiO)-1 (CoO) 
target So as to have a total thickness of 12 nm. 

Example 1-16 

0.130. A magnetic disk of Example 1-16 was produced in 
the same manner as in Example 1-12, except that a magnetic 
disk was configured so as to have a laminated structure (two 
layered structure). The laminated structure of the magnetic 
recording layer was deposited in two stages by Sputtering 
with use of an 89(Co-14Cr-16Pt)-5(SiO)-5(TiO)-1 (CoO) 
target So as to have a total thickness of 12 nm. The two-stage 
deposition may be performed by using different chambers, or 
by forming a film with a specified film thickness, removing 
the film from a chamber once, and then putting it into the 
chamber again. 
I0131 The magnetic disks of Examples 1-15 and 1-16 were 
investigated for magnetic write width (MWW) and bit error 
rate (digit). The results are shown in Table 4 below. 



US 2015/0027877 A1 

TABLE 4 

Jan. 29, 2015 

Magnetic recording layer 

First layer Second layer 

Example 1-12 89(Co–14Cr—16Pt)–5(SiO2)–5(TiO)—1 (CoO) — 
Example 1-15 89(Co—14Cr—16Pt)–5(SiO2)–5(TiO2)–1 (CoO) 89(Co—14Cr-16Pt)–5(SiO2)–5 (TiO)—1(CoO) 
Example 1-16 89(Co—14Cr—16Pt)–5(SiO2)–5(TiO2)–1 (CoO) 89(Co—14Cr-16Pt)–5(SiO2)–5 (TiO)—1(CoO) 

Magnetic recording layer Track width Bit error rate 
Third layer (nm) (digit) 

Example 1-12 — 98 -7.2 
Example 1-15 89(Co–14Cr—16Pt)–5(SiO2)–5(TiO)—1 (CoO) 95 -7.6 
Example 1-16 — 97 -7.4 

0.132. According to Table 4, it was confirmed that the method with use of CH, and a lubricant layer 130 was 
characteristics were improved by providing a magnetic 
recording layer with a laminated structure. The reason for this 
is considered as follows. Magnetic particles will be gradually 
enlarged if a magnetic layer is formed by a single deposition 
(refer to FIG. 6). However, by performing a deposition in two 
or more stages to obtain a laminated structure, the enlarge 
ment of magnetic particles was prevented and the diameters 
of the particles in the layers from a lower layer to an upper 
layer were able to be made uniform. As a result, the magnetic 
coupling between the magnetic particles in the magnetic 
recording layer 20 became uniform in the depth direction, so 
that a medium closer to that of an ideal structure as shown in 
FIG. 2 can be obtained in synergy with the separation effect of 
adding oxygen to the auxiliary recording layer. 

Example 2 

0133. On the disk substrate 110, films from the adhesion 
layer 112 to the auxiliary recording layer 126 were sequen 
tially disposed in an Ar atmosphere by DC magnetron sput 
tering with use of a vacuumed film forming device. Note that 
an Argas pressure at the time of sputtering deposition was set 
to 0.6 Pa, unless otherwise specified. An adhesion layer 112 
of 10 nm was formed using a Cr-50Ti target. As for a soft 
magnetic layer, a first soft magnetic layer 114a and a second 
soft magnetic layer 114c both of 20 nm were deposited using 
a 92(Co-40Fe)-3Ta-5Zr target, and a spacer layer 114b of 0.7 
nm was deposited using a Ru target. A primary underlayer 
116 of 5 nm was deposited using a Ni-5W target. A first 
underlayer 118a of 10 nm was deposited at 0.6 Pausing a Ru 
target. A second underlayer 118b of 10 nm was deposited at 
5.0 Pausing a Ru target. A non-magnetic granular layer 120 
of 1 nm was deposited at 4 Pausing an 88(Co-40Cr)-12(SiO2) 
target. A lower recording layer 122a of 2.0 nm was formed at 
4 Pausing a (Co-12Cr-16Pt)-2.5(CrOs)-2.5 (SiO) target. 
An interposed layer 122b of 0.4 nm was formed using a Ru 
target. A first main recording layer 122c of 4 nm was formed 
at 4 Pausing a 90(Co-12Cr-16Pt)-5(SiO)-5(TiO) target. A 
second main recording layer 122d of 6 nm was formed at 4 Pa 
using a 90(Co-12Cr-16Pt)-4.5(SiO)-4.5 (TiO)-1 (CoO) 
target. A separation layer 124 of 0.5 nm was formed using a 
Ru-10(WO) target. A granular auxiliary recording layer 
126a of a specified thickness was deposited at 4 Pausing a 
90(Co-Cr Pt)-5(SiO)-5(TiO) target. The detailed com 
position and thickness of Co-Cr Pt were set to the values 
described below. A non-granular auxiliary recording layer 
126b of 6.4 nm was formed using a Co-18Cr-15Pt-5B target. 
A medium protective layer 128 was deposited by a CVD 

formed by a dip-coating method with use of PFPE. 
0.134 FIG. 5 shows comparisons of track widths and 
SNRs between Examples 2-1 to 2-9, where a granular auxil 
iary recording layer 126a of a varied film thickness is 
included, and Comparative Examples 2-1 and 2-2. FIGS. 5(a) 
and 5(b) show tabulated and plotted data, respectively. 
I0135) In any of Examples and Comparative Examples, the 
composition and film thickness of the CoCrPt metallic phase 
in the granular auxiliary recording layer 126a were changed 
with an at 9% ratio of Co:Cr:Pt of the metallic phase in the main 
recording layer set to 72Co-12Cr-16Pt. Note that the main 
recording layer and the granular auxiliary recording layer 
have the same number of moles of oxide. 
I0136. In Examples 2-1 to 2-3 (denoted by “0” in the 
graph), the at % ratio of Co:Cr:Pt of the granular auxiliary 
recording layer 126a was set to 73Co-11Cr-16Pt, and the film 
thicknesses for the respective Examples were made into 1.4 
nm, 2.6 nm, and 3.6 nm, respectively. In Examples 2-4 and 
2-5 (denoted by “” in the graph), the at % ratio was set to 
76Co-8Cr-16Pt, and the film thicknesses for the respective 
examples were made into 0.7 nm and 1.4 nm, respectively. In 
Examples 2-6 and 2-7 (denoted by “A” in the graph), the at 96 
ratio was set to 77Co-7Cr-16Pt, and the film thicknesses for 
the respective examples were made into 0.7 nm and 1.4 nm, 
respectively. In Examples 2-8 and 2-9 (denoted by “O'” in the 
graph), the at 96 ratio was set to 72Co-12Cr-16Pt, and the film 
thicknesses for the respective examples were made into 1.4 
nm and 2.5 nm, respectively. 
0.137 In addition, in Comparative Examples 2-1 and 2-2 
(denoted by 'o' in the graph), no granular auxiliary recording 
layer 126a was formed. In oxide-containing layers such as the 
granular auxiliary recording layer 126a, the coercive force Hc 
is varied depending on the content of oxide and the compo 
sition of the main phase of CoCrPt. Especially, when the 
content of Cr, which has diamagnetism, is increased, the 
magnetism of Co is canceled and the coercive force Hc 
decreases. 
0.138 Moreover, as shown in FIG. 5(a), the granular aux 
iliary recording layers 126a of Examples 2-1 to 2-9 had a 
thinner film thickness than the non-granular auxiliary record 
ing layers 126b. 
(0.139. As shown in FIG. 5 (b), when the film thickness of 
each material of a granular auxiliary recording layer is made 
thicker, track width tends to be larger and SNR to be higher. 
This suggests that, under the dependence on the film thick 
ness of the granular auxiliary recording layer, track width and 
SNRare in a trade-offrelation, and a recording density cannot 
be thereby improved. On the other hand, from the viewpoint 
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of the existence or absence of the granular auxiliary recording 
layer, it was found that even in consideration of the trade-off 
mentioned above, the characteristics were improved better in 
Examples 2-1 to 2-9 than in Comparative Examples 2-1 and 
2-2, and that compatibility between track width and SNR 
were achieved. 
0140 Preferred embodiments of the present invention 
have been described above with reference to the attached 
drawings. However, needless to say, the present invention is 
not meant to be limited by Embodiments 1 and 2 and 
Examples 1 and 2. It is apparent that a person skilled in the art 
can conceive various modifications and alterations within the 
Scope as described in the scope of the claims. As a matter of 
course, it is to be interpreted that Such modifications and 
alterations also belong to the technical scope of the present 
invention. 

INDUSTRIAL APPLICABILITY 

0141. The present invention can be used as a perpendicular 
magnetic disk mounted in an HDD of a perpendicular mag 
netic recording system or the like. 
0142. The present invention is based on Japanese Patent 
Applications No. 2008-311 120 filed on Dec. 5, 2008, and No. 
2009-087762 filed on Mar. 31, 2009, the entire contents of 
which are incorporated herein by reference. 

Jan. 29, 2015 

1. A method for manufacturing a magnetic disk compris 
ing: a magnetic recording layer formation step of forming at 
least a granular magnetic recording layer on a disk Substrate; 
and an auxiliary recording layer formation step of forming an 
auxiliary recording layer on the magnetic recording layer, 
wherein the auxiliary recording layer containing 0.1 to 3 mol 
% oxygen is formed in the auxiliary recording layer forma 
tion step. 

2. The method for manufacturing a magnetic disk accord 
ing to claim 1, wherein the auxiliary recording layer is formed 
by sputtering with use of a sputtering target containing oxide 
in the auxiliary recording layer formation step. 

3. The method for manufacturing a magnetic disk accord 
ing to claim 1, wherein the auxiliary recording layer is formed 
by reactive Sputtering where oxygen is incorporated at a par 
tial pressure of 0.5 to 3% in the auxiliary recording layer 
formation step. 

4. The method for manufacturing a magnetic disk accord 
ing to claim 1, wherein a non-magnetic separation layer is 
interposed between the granular magnetic recording layer 
and the auxiliary recording layer. 

5. The method for manufacturing a magnetic disk accord 
ing to claim 4, wherein the granular magnetic recording layer 
is formed of two or more layers. 

k k k k k 


