1 DESCRIPTION PERPENDICULAR MAGNETIC RECORDING MEDIUM AND MANUFACTURING
METHOD OF THE SAME TECHNICAL FIELD [0001] The present invention relates to a perpendicular
magnetic recording medium installed in a perpendicular magnetic recording system HDD (Hard Disk
Drive), etc. and manufacturing method of the medium. BACKGROUND ART [00021 With increases in
capacity of information processing in recent years, various information recording techniques have
been developed. Particularly, the areal density of HDD using the magnetic recording technique has
continued to increase at an annual rate of almost 100%. Recently, it has been required that 2.5-inch
magnetic disks used in the HDD or the like PfpEmgtion storage capacity exceeding 160 GB
per disk, and to respond to such requirements, It Is desired to actualize the information recording
density exceeding 250 gigabits per square inch. [0003] To achieve the high recording density in
magnetic disks used in the HDD, etc. in recent years, perpendicular magnetic recording system
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longitudinal magnetic recording system, easy axis of the magnetic recording layer is oriented in the
plane direction of the substrate surface. Meanwhifgnin the perpendicular magnetic

MANUFACTURING METHOD OF THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a perpendicular magnetic
recording medium installed in a perpendicular magnetic recording system
HDD (Hard Disk Drive), etc. and manufacturing method of the medium.
BACKGROUND ART

[0002] With increases in capacity of information processing in recent
years, various information recording technigues have been developed.
Particuiarly, the areal density of HDD using the magnetic recording
technigue has continued to increase at an annual rate of aimost 100%.
Recently, it has been required that 2.5-inch magnetic disks used in the
HDD or the like have the information storage capacity exceeding 160 GB
per disk, and to respond to such requirements, it is desired to actualize
the information recording density exceeding 250 gigabits per square inch.
[0003] To achieve the high recording density in magnetic disks used in the
HDD, etc. in recent years, perpendicular magnetic recording system
magnetic disks (perpendicular magnetic recording disks) have been
proposed. In the conventional fongitudinal magnetic recording system,
easy axis of the magnetic recording layer is oriented in the plane direction

of the subsirate surface. Meanwhile, in the perpendicular magnetic



2 recording system, easy magnetization axis is adjusted to be oriented in the perpendicular direction to
the substrate surface. In the perpendicular magnetic recording system, as compared with the
longitudinal recording system, the demagnetizing field (lid) reduce and the coercive force Hc becomes
higher as magnetic grains are finer, and it is thereby possible to suppress the phenomenon of heat
fluctuation. The perpendicular magnetic recording system is thus suitable for increasing the recording
density. 10004] Further, with such increases in thezinformation recording density, both densities
continue to increase i.e. the linear recording density (BPI: Bit Per Inch) in the circumferential direction
of the ma%neticréliﬁege, gggtg}ﬁ tragk densibhetiaticriak Ry isch)ijuste datbub eiredeavie Buither,
technique HRIE Been Ltudied to narrow spacings (magnetic spacings) between the magnetic layer of

the magni&% 'ﬁéggﬁm@m;wh@ﬁqmm hepvagnetsuntEbso ds thienpedpe Sk ratio. The

flying heig magnetic head is 10 nm or less that has been desired in recent years. [0005] With

decreasesni{‘é%ﬁ:e@hpgng&%ighhgf hesfeaghelic benn asede seithethabtveg thedprabipafy 1¥H8%ncreased
that the magnetic

ead contacts the disk surface by external impact and/or fluctuations in flying.

Therefore, dhgi BRIPSRAICHEH BEBEHMER Fosiing itk isguoadaddvithe erefHMprirEeavERyer to

protect the surface of the magnetic recording layer against being scratched when the magnetic head
collides withtheReERNste alsmAggettitegoeing aiiskiiMee, AadiiinipdteEaby IR9EFIE orlfled of a
carbon over coat (COC) i.e. a coat with high hardness by carbon coat. In some medél@ otective
layer coex@gﬁslfgggamﬁgd-bk&ar&;mg aifcateat afiistiegienite HdMInG]T8E ﬁfﬂf’er Patent
Document 1). Meanwhile, another technique is disclosed that a diamond-like honding prqtective layer
is manufaciysehbiie %@r@hgnﬁgatmpmrtbépo%ﬁiéﬂ?ltﬂeﬁﬂbd’lﬁfteé‘)%ﬁﬂalg'%aﬁ%%‘? otdment 2).
[0006] Further, to protect the medium protective layer and the magnetic head when the magnetic head
collides, a drsaton layer is formed on the medium protective layer. For example, the lubrication layer

is formed by applying perfluoropolyether and sintering. Patent Document 1: Japanes id-Open ’
Patent Pubj@atiagh Mthﬂﬂ-mmlspateﬁﬂg'&ﬂﬁﬁént@:tbﬁpéﬂfé’gg’f&m!bfi%ﬁo;ﬁgﬁt g‘%’ﬁﬁ%ﬁon No.

both densities continue to increase i.e. the linear recording density (BPl:
Bit Per Inch) in the circumferential direction of the magnetic disk, and the
track density (TPi: Track Per inch) in the radius direction. Further,
techniques have been studied to narrow spacings (magnetic spacings)
between the magnetic layer of the magnetic disk and Read/Write elements
of the magnetic head so as to improve the S/N ratio. The flying height of
the magnetic head is 10 nm or less that has been desired in recent years.

[0005] With decreases in the flying height of the magnetic head as
described above, the possibility has increased that the magnetic head
contacts the disk surface by external impact and/or fluctuations in flying.
Therefore, the perpendicular magnetic recording disk is provided with a
medium protective layer to protect the surface of the magnetic recording
layer against being scratched when the magnetic head collides with the
perpendicular magnetic recording disk. The medium protective layer is
formed of a carbon over coat (COC) i.e. a coat with high hardness by

carbon coat. In some medium protective layer coexist hard diamond-iike



2006-114182 DISCLOSURE OF INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION
[0007] As described above, the medium protective layer and lubrication layer are required on the
magnetic recording layer, and with increases in the recording density, there is a demand for further
narrowing the spacing (gap) between the magnetic head and the magnetic recording layer.
Particularly, in the perpendicular magnetic recording media, there are many cases that a soft magnetic
layer is formed so as to apply a strong magnetic figdd in the perpendicular direction to the magnetic
recording layer, and the spacing between the magnetic head and the soft magnetic layer further
increases. Therefore, it is preferab, thityla r bsteate amny gharPiesbft
magnetic IB9 ,'Bgrtiéﬁtlar? ngtgérsé?%zegﬁéthﬁ%pﬁﬁf s%%ggfﬁarfegtk?an the maegf‘etic recording layer as
much 4 aigpossibé%t[oqgﬂ H ggg@m@&n tha RgEiuMmayRiggie Iayerdiass:i_h_)ptgdthiﬂmﬁ @ing the
conventiorta? VB Methot as described in Patent Documents 1 and 2, durability of the medium
protective laver deterigrates et gs Wesidesiaanraempast nesstafaoet ueed [0099] ThdMBsent
invention was made In view of the above-mentioned problem occurring when the medium protective
layer is forg@%ﬁﬁ@ﬁ%&%ﬁﬂ%@hﬁairm)/mipmse@brtcepmim@a@atpeh@mamﬁagr?ét-ic recording

medium provided with a medium protective layer with improvements in durability such as wear
resistance éﬁﬁ@%ﬁtﬁﬁﬁéﬂc?@ SifoYdtite thainfrdingriherd igiciiverdapeireBdMBEANBAND RUSOLVING
THE PROBLEM

head when the magnetic head collides, a lubrication layer is formed on the

medium protective layer. For example, the lubrication layer is formed by
applying perfluoropolyether and sintering.

Patent Document 1: Japanese Laid-Open Patent Publication No.
H10-11734

patent Document 2: Japanese Laid-Open Patent Publication No.
2006-114182

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] As described above, the medium protective layer and lubrication
layer are required on the magnetic recording layer, and with increases in
the recording density, there is a demand for further narrowing the spacing
(gap) between the magnetic head and the magnetic recording layer.
Particularly, in the perpendicular magnetic recording media, there are
many cases that a soft magnetic layer is formed so as to apply a strong
magnetic field in the perpendicular direction to the magnetic recording
layer, and the spacing between the magnetic head and the soft magnetic
jayer further increases. Therefore, it is preferable to thin layers closer to
the substrate surface than the soft magnetic layer, particularly, layers

closer to the surface substrate than the magnetic recording layer as much



[0010] To solve the above-mentioned problem, the inventors of the invention earnestly made studies,
and thought that when it is possible to form a medium protective layer harder than the medium
protective layer formed by the conventional method, durability can be maintained even in thinning the
medium protective layer. As a method of forming a mgdium protective layer harder than the
conventional medium protective layer, a method is considered of increasing the bias voltage to the
substrate ia $hpds¥éibraethod. [0011] However, in the CVD method, when the bias voltage is
increased, there is a problem that the coercive force (Hc) decreases in the magnetic recording
medium. TiEoDEYiHDWELEElivehayerHs fararad en sreestinveutalayer sreMess, am tha Sapdasiis
recording layer to increase write performance. Then, when the high bias voltage is applied in 5

forming the Heedwv Britiecitve Gayer ket e \Ha mebedbearhenpartiele Dedlids dranselyyvath the
continuous layer with high energy. Therefore, although the hard medium protective layer is formed, the

decrease ig geasifievedoduene paréalidestruebondeitke candnruustiayeratis &rsreddmmediately
below the medium protective layer to improve write characteristics of the magnetic recording layer.

[0012] Thuss $hetltvestons phterbyrtiar &uag out that the medium protective layer can be thinned
even in applying the high bias voltage to the substrate when the coercive force (Hc) of the recording

medium is [Ireventach Eopr deeraasing g eache dratwletioniehthefinyantions IR 3E i Rihegwords,

to solve the problem, a typical configuration of a perpendicular magnetic recording medium according

to the inveplion s whasaeieriiag bwhavinghen ansidisthatep osetitagneticiayry, donagnretiaiegording
layer, a continuous layer which is magnetically continuous in the in-plane direction of the substrate, a

blocking layes beyareenghefcansnioLsdayer, seia edivaypretective dprerdtentaini ngearbeR
formed on the blocking layer; wherein the blocking layer is configured to substantially block shocks

imposed opdberenainuensdaves dusied feeaation ©of the medidn piotestive layes suglybhat damrage to
the continuous layer is reduced. 5a [0014] By the configuration provided with the blocking layer

between thengoatituaehiayst dndabel imediugh pistestve laysis theddoaking ey es Hletks shoeke .
occurring in forming the medium protective layer, and the probability remarkably reduces that the

continuousqayes eirecihaiisiging slampyeckeeordinglycd.is made possible to form a hard medium

protective layer while maintaining the high coercive force (Hc), and the medium protective layer can be

thinned. MEANS FOR SOLVING THE PROBLEM
[0010] To solve the above-mentioned problem, the inventors of the
invention earnestly made studies, and thought that when it is possible to
form a medium protective layer harder than the medium protective layer
formed by the conventional method, durability can be maintained even in
thinning the medium protective layer. As a method of forming a medium
protective layer harder than the conventional medium protective layer, a
method is considered of increasing the bias voltage to the subsirate in the
CVD method.
{0011] However, in the CVD method, when the bias voltage is increased,
there is a probi'em that the coercive force (Hc) decreases in the magnetic
recording medium. The medium protective layer is formed on a

continuous layer provided on the magnetic recording layer to increase

write performance. Then, when the high bias volitage is applied in



[0015] Further, the medium protective layer is preferably formed using a 6 CVD (Chemical Vapour
Deposition) method or a sputtering method. [0016] By forming the medium protective layer using the
CVD method or sputtering method, it is possible to form the denser medium protective layer containing
carbon with higher hardness, and the medium protecg’ve layer can be thinned. [0017] Moreover, a bias
voltage can be applied to the substrate in forming the medium protective layer. By this means, it is

possible torformiHie GROSA SRR PERURSIVE IBXFE COYARINTSAPORNID NigkhBidneSSrticies

Furthermore, since the blocking layer is provided between the continuous layer and medium protective

layer, everyhifdetng fBRAGM RIRIGCEYE layRtisdeimeybiesrRngrhe figh pias ’rﬂ!@g?otpet,he

substrate, the blocking layer'blocks shock, the continuous layer does thereby not sustain damage

directly, it ig mRslegpessiBlera farmibigi DATd sretisen WolRAIVE IRV elo AR dhe dnedivy Piglecstive layer

can be thinned. [0018] Further, the blocking layer may be formed of a nonmagnetic material. By this

means, magieliieifestaie otiamened it hecontinuays BYREMMEdiaRIL PRI faerblncking

layer and the magnetic recording layer, and there is no risk of increasing noise. [0019] Furthermore,

the blocking{aygs ragype HBRANOYRSY HisdNeans Jhét peasiBle 1ayeliably black.shoek impaged to

the continuous
characteristics of the magnetic recording layer.
[0012] Thus, the inventors of the invention found out that the medium
protective layer can be thinned even in applying the high bias voltage to
the substrate when the coercive force (Hc) of the recor_‘ding medium is
prevented from decreasing, and reached compietion of the invention.
[0013] In other words, to solve the problem, a typical configuration of a
perpendicular magnetic recording medium according fo the invention is
characterized by having, on a substrate, a soft magnetic layer, a magnetic
recording layer, a continuous layer which is magnetically continuous in the
in-plane direction of the substrate, a blocking layer formed on the
continuous layer, and a medium protfective layer confaining carbon formed
on the blocking layer; wherein the blocking layer is configured to
substantially block shocks imposed on the continuous layer during

formation of the medium protective layer such that damage to the

continuous layer is reduced.



layer occurring in forming the medium protective layer using the CVD method or sputtering method.
[0020] Still furthermore, the blocking layer may be formed of an element contained in the continuous
layer. By this means, it is possible to form the blocking layer suitably without changing properties of the
films formed below the continuous layer. [0021] Morgpver, the blocking layer may be formed of Cr or a
Cr alloy. Cr is nonmagnetic, and therefore, does not have the magnetic effect on the layers below the
blocking layse1urther s cerFiRs Manhaidiagsdt HipesailerR taliak]yiBLRipch i einHeus
layer when the thin blocking layer is formed. Furthermore, Cr is bound to C (carbon) constituting the
medium pretaetive Y€ i feimingdhereedisy RIRte i daer O theshlogkiag iayeliard ehyipium
carbide is produced at the Interface between the blocking layer and the medium protective layer. Since

chromium pasliRe RapliBhRIdReRS MioherRardnaseCaRA ErPenstbasithe MediHMaproteRtve

layer. [0022] Further, the medium protective layer may contain diamond-like carbon. It is thereby
possible togpetyida g deprer MesIMAIQsEvah ey ehWidbdHiAblYs tayer directly sustains
damage. Accordingly, it is made possible to form a hard medium
protective layer while maintaining the high coercive force (Hc), and the

medium protective layer can be thinned.

[0015] Further, the medium protective layer is preferably formed using a



[0023] Furthermore, the continuous layer may contain a Co-Cr alloy. By this means, write performance
are improved in the magnetic recording layer. [0024] To solve the above-mentioned problem, a typical
constitution of a method of manufacturing a perpendicular magnetic recording medium according to
the invention is a method of manufacturing a perpendicular magnetic recording medium having, on a
substrate, a soft magnetic layer, a magnetic recording layer, a continuous layer which is magnetically
continuous in the in-plane direction of the substrafe, and a medium protective layer containing carbon
in this order, and is characterized by including the steps of forming , on the continuous layer, a

blocking layef, W@ég}i%gmmaﬁp&smowpﬁmﬂmémm@bféékiﬁ@ RN %herein the blocking

layer is configured to substantially block shocks imposed on the continuous |

ayer during formation of
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Qtructural
elem_ents nd déscriptions thereof based on the technical idea of the perpendicular magnetic recording
medium agaserird Meene dretapplipalsisitbettio et d BEnieREESURST HE pBFBéﬁgﬁb\{ﬁar

magnetic recording medium. Advantageous Effect of the Invention . .
layer containing carbon with higher hardness, and the medium protective
layer can be thinned.

[0017] Moreover, a bias voitage can be applied to the substrate in forming
the medium protective layer. By this means, it is possible to form the
dense medium protective layer containing carboh with high hardness.
Eurthermore, since the blocking layer is provided between the continuous
jayer and medium protective layer, even when the medium protective layer
is formed while applying the high bias voltage to the substrate, the
blocking layer blocks shock, the continuous layer does thereby not sustain
damage directly, it is made possible to form the hard medium protective
layer, and the medium protective fayer can be thinned.

[0018] Further, the blocking layer may be formed of a nonmagnetic
material. By this means, magnetic effects are not imposed on the
continuous layer immediately below the blocking layer and the magnetic
recording layer, and there is no risk of increasing noise.

[0019] Furthermore, the blocking tayer may be amorphous. By this
means, it is possible to reliably biock shock imposed to the continuous
layer occurring in forming the medium protective layer using the CVD
method or sputtering method.

[0020] Still furthermore, the blocking layer may be formed of an element

contained in the continuous layer. By this means, it is possible to form

the blocking layer suitably without changing properties of the films formed



ﬁgé%}n:giogségsgcfg:;ﬁmsgnetic recording medium according to the invention is capable of having a

| _ ith improvements in durability such as wear resist [ i

etc. while maintaining the high coercive force. BRI  DRAWINGS 0027 FIG. 1

. . : EF DESCRIPTION OF DRAWING - [

a diagram to explain a configuration of a ma [ i [ e i
: : gnetic recording medium according t ;

FIG. 2 is a graph illustrating the relationshi [ e foree Lo o
_ _ _ i p between a bias voltage and coercive force Hc;

FIG. 3 is a graph illustrating the relationship betwéen a film thickness and coercive force Ii,canga

DESCRIPTION OF SYMI?OLS'[OOZS] 1Disk substrate 12 Adhesion layer
helow the continuous layer.
{0021} Moreover, the blocking layer may be formed of Cr or a Cr ailoy.
Cris nonmagnétlc. and therefore, does not have the magnetic effect on
the layers below the blocking layer. Further, since Cr has high hardness,
it is possible to reliably protect the continuous layer when the thin
blocking layer is formed. Furthermore, Cr is bound to C (carbon)
constituting the medium protective layer in forming the medium protective
fayer on the blocking layer, and chromium carbide is produced at the
interface between the blocking layer and the medium protective layer.
Since chromium carbide has high hardness, higher hardness can be
expected as the medium protective layer.
[0022] Further, the medium protective layer may contain diamond-like
carbon. It is thereby possible to provide the dense medium protective
layer with durability.
[0023]. Furthermore, the continuous layer may contain a Co-Cr alloy. By
this means, write performance are improved in the magnetic recording'
layer.
[0024] To solve the above-mentioned problem, a typical consﬁtution of a
method of manufacturing a perpendicular magnetic recording medium
according to the invention is a method of manufacturing a perpendicuiar
magnetic recording medium having, on a substrafe, a soft magnetic layer,
a magnetic recording layer, a continuous layer which is magnetically
continuous in the in-plane direction of the substrate, and a medium
protective layer containing carbon in this order, and is characterized by

including the steps of forming , on the continuous layer, a blocking layer



14 Soft magnetic layer 14a First soft magnetic layer 14b Spacer layer 14c Second soft magnetic layer
9 16 Orientation control layer 18 Under layer 18a First Underlayer 18b Second Underlayer 20 Finer
promoting layer

8

and forming the medium protective layer on the blocking layer; wherein
the blocking layer is configured to substantially block shocks imposed on
the continuous layer during formation of the medium protective layer such
that damage 1o the continuous layer is reduced.
[0025] Structural elements and descriptions thereof based on the
technical idea of the perpendicular magnetic recording medium as
described above are applicable to the method of manufacturing the
perpendicular magnetic recording medium.
Advantageous Effect of the Invention
[0026] The perpendicular magnetic recording medium according to the
invention is oépabie of having a medium protective layer with
improvements in durability such as wear resistance, impact resistance, eic.
while maintaining the high coercive force.
BRIEF DESCRIPTION OF DRAWINGS
[0027] FIG. 1 is a diagram to. explain a configuration of a magnetic
recording medium according to an Example;

FIG. 2 is a graph illustrating the relationship between a bias
voltage and coercive force Hc; and

FIG. 3 is a graph illustrating the relationship between a film

thickness and coercive force He.



22 Magnetic recording layer 22a First magnetic recording layer 22b Second magnetic recording layer
24 Continuous layer 26 Blocking layer 28 Medium protective layer 30 Lubrication layer BEST MODE
FOR CARRYING OUT THE INVENTION [0029] (Example) Described below is an Example of a
perpendicular magnetic recording medium accordingtp the invention. FIG. 1 is a diagram to explain a
configuration of the perpendicular magnetic recording medium of the Example, FIG. 2 is a graph
illustrating the setaiprsimnpetresy fipas wltage and coercive force He, and FIG. 3 is a graph
illustrating the relationship between a film thickness and coercive force Hc. In addition, dimensions,
materials, $pegifig AUMeriswalues@agothers are only illustrative to facilitate understanding of the
invention, and the invention is not limited thereto except as otherwise particularly mentioned. [0030]
The perpendicular magneiis$raendipgmedium as shown in FIG. 1 is comprised of a disk substrate 1,
adhesion layer 12, first soft magnetic

14 Soft magnetic layer
14a First soft magnetic layer
14b Spacer layer

14¢ Second soft magnetic layer



10 layer 14a, speeertmrer-t2HT=eSeont-SoT magnetic layer 14c, orientation control layer 16, first
backing layer 18a, second backing layer 18b, finer promoting layer 20, first magnetic recording layer
22a, second magnetic recording layer 22b, continuous layer 24, blocking layer 26, medium protective
layer 28 and lubrication layer 30. In addition, the first soft magnetic layer 14a, spacer layer 14b and
second soft magnetic layer 14c constitute a soft magnetic layer 14. The first backing layer 18a and
second backing layer 18b constitute a backing laygr 18. The first magnetic recording layer 22a and
second magnetic recording layer 22b constitute a magnetic recording layer 22. [00311 First,
amorphous aluminasilicate gl was f inthe shape of disk by direct press, and glass disks were
prepared. The glagg dis V\PagfiﬁBj%c‘i%ﬁ{t‘?)a%ﬁ:ﬁ?cﬁrEg, polishing and chemical reinforcement sequentially,
and obtained wasége S 88”} rllgng?agnetic disk substrate 1 made of a chemically reinforced glass
disk. 100321 Using*h deposttion pparatus under vacuum, in an atmosphere of Ar, by a DC magnetron
sputtering method, depositi ed sequentially on the obtained disk substrate 1 from the
adhesion layer 12}§?heﬁrcrr<i\gg?£/%g%égj and the medium protective layer 28 was formed by a CVD

method. Thereafte,{atge I ré%q{ fﬂ;msrnﬁ%lvas formed by a dip coat method. In addition, in terms of
high in productivity, 1t'is also preferable to use an in-line deposition method. A configuration and

manufacturing method giﬁggtb@(ﬁbwﬂbq%gg,scribed below. [0033] The adhesion layer 12 was
formed using a Ti alloy target so that the layer 12 is a Ti alloy layer of 10 nm. By forming the adhesion :

layer 22 Magnetic recording tayer

Ly ¢

22a First magnetic recording layer

29h  Second magnetic recording layer

24 Continuous layer

26 Blocking layer

28 Medium protective layer

30 Lubrication layer
BEST MODE FOR CARRYING OUT THE INVENTION
[0029] (Example)

Described below is an Example of a perpendicular magnetic
recording medium according to the invention. FIG. 1 is a diagram to
explain a configuration of the perpendicular magnetic recording medium of
the Example, FIG. 2 is a graph illustrating the relationship between a bias
voltage and coercive force He, and FIG. 3 is a graph illustrating the
relationship between a film thickness and coercive force Hec. In addition,
dimensions, materials, specific numeric values and others are only
iliustrative to facilitate understanding of the invention, and the invention is
not limited thereto except as otherwise particularly mentioned.

[0030] The perpendicular magnetic recording medium as shown in FIG. 1

is comprised of a disk substrate 1, adhesion layer 12, first soft magnefic



11 12, it is possible to enhance adhesion between the disk substrate 1 and soft magnetic layer 14, and
it is thereby possible to prevent the soft magnetic layer 14 from peeling off. As a material for the
adhesion layer 12, for example, Cr-Ti alloys can be used. [0034] By providing the nonmagnetic spacer
layer 14b between the first soft magnetic layer 14a and second soft magnetic layer 14c, the soft
magnetic layer 14 is configured to has AFC (Antiferro-magnetic exchange coupling). By this means, it
is possible to align the magnetization direction of thee soft magnetic layer 14 along the magnetic path
(magnetic circuit) with high accuracy, perpendicular components in the magnetization direction are
thereby an & g&t;eqnf%;{ fﬁ%@&d ib{Rthys possiklena reskicmagivetisdarying fron trdestiativeynetic layer
14. More specifically, the compositions of the first soft magnetic layer 14a and second soft magnetic

layer 14c were CoreTaZyang e Kaakmogiiaper teaspseen ey e deki nvegadaye (rdfhianfin®t [0035]

The orientation control layer 16 has the function of protecting the soft magnetic layer 14, and the

function of pramaiing aligament of esieriagaetet arystaidiagidegest #RabaruarhySans alisterials for
the orientation control layer can be selected from Ni, Cu, Pt, Pd, Zr, I-If and Nb. Further, using the

metals as gMHBIRYMRARENt 2210y TeatIAING Ofzyer niste addnkiagldameats 36 Ti WeF¥Er, Mo and
W may be used. For example, it is possible to suitably select Niw, CuW and CuCr. [0036] The backing
layer 18 is i fisRiveucsiyier 28l anablsbciyatis ofaiieth &9 strutiturOH e mEyR HESte &Hling layer
22 to grow as a granular structure. Accordingly, as the crystal orientation of the backing layer 28 12 is
higher, theypsightaiionanfahet ragspticeedanting! yeane §@r¢%dn$&%\)@§.g&§%mgt%?ig‘a%Fthe
backing layer, as well as Ru, it is possible to select from RuCr and RuCo. Ry takes %e hcp structure,
and enablesthet imagnaticoftontaankijer @yaaidifg Cd BE afWﬂinQﬂﬁﬁHb?l;i%rb ﬁeﬁﬁe@
excellently. [0037] In this Example, the backing layer 18 has a t\_/vo-liyer structure r’i%%e %frgtu' In
forming thesseooid backiirgglajeyaBbié® tHeonsHEH ISyt SRRCKRIG 8 YFEsstite of APWas made higher

than in forming the first backing layer 18a on the lower layer side. ﬂnce thergee rgi r%tlloai%ngths of
plasma ionmagheBputarenting desrensitfad ik SaSNEsLASREHE LS8R é%ositlon rate is

decreased, and the crystal orientation is improved. Further, by increasing the pressure, the size of
crystal constitute a magnetic recording layer 22.

[0031] First, amorphous aluminosilicate glass was formed in the shape of
disk by direct press, and glass disks were prepared. The glass disk was
subjected to grinding, polishing and chemical reinforcement sequentially,
and obtained was the smooth nonmagnetic disk substrate 1 made of a
chemically reinforced glass disk.

[0032] Using a deposition apparatus under vacuum, in an atmosphere of
Ar, by a DC magnetron sputtering method, deposition was performed
sequentially on the obtained disk substrate 1 from the adhesion layer 12
to the blocking layer 26, and the medium protective layer 28 was formed
by a CVD method. Thereafier, the lubrication layer 30 was formed by a
dip coat method. In addition, in terms of high in productivity, it is also
preferable to use an in-line deposition method. A configuration and
manufacturing method of each layer will be described below.

[0033] The adhesion layer 12 was formed using a Ti alloy target so that

the layer 12 is a Ti alloy layer of 10 nm. By forming the adhesion layer



lattices becomes small.Since the size of the crystal lattice of Ru is greater than that of the crystal
lattice of Co, the decreased crystal lattice of Ru approaches the size of the crystal lattice of Co, and it
is possible to further enhance crystal orientation of the granular layer of Co. [0038] The finer promoting
layer 20 is a nonmagnetic granular layer. The nonmagnetic granular layer is formed on the hcp crystal
structure of the backing layer 18, the granular layer of the first magnetic recording layer 22a is
developed on the layer 20, and the function is thereby provided of separating the magnetic granular
layer from the stage (rising) of the initial growth. The composition of the finer promoting layer 20 was

CoCr-Si02 {90301 The magnets reRargia a2 (iR f thrdglRoapsta seaordagdayer 223

with a thin} S, and the second magnetic recording layer 22b with a thick film thickness. 13

[0040] As th%iiig%ar;g%%qsgiqgggqr_d{qg IaYES 228t Sy 5ok ststuis @reetPHBeaDi 2 nm

was formed hard magnetic material target made of CoCrPt containing chromic oxide (Cr203)

as an exarp‘%% qugr}gﬁgpqt@ ﬁ@ﬁ?r{?é%im@edf@.nmﬁgnéﬂﬁ\ Ateiedplfvashsegréyasidraiayed the
rial to fo

magnetic ma the grain boundary, and the magnetic grains formed a pillar-shaped granular

structure. T{? Wgé%iﬁ'g@in@gq\(eégggg eRifpyi@ligrewth continuously from the granular structure of
the finer promoting layer. [0041] As the second magnetic recording layer 22b, the hcp crystal structure

of COCFPt'{é@\%ﬂféQ RLVRR{ETIRS WeREha dsticrsgaeis rhayerial thgbehwrirotTadiret |
containing titanium oxide (Ti02) as an example of nonmagnetic materials.Also in the second magnetic
recording 1yt 3B gmeaRetin@iaing formmatl serondlassttuatagnetic fayer 14c, the soft
magnetic layer 14 is configured to has AFC (Antiferro-magnetic exchange
coupling). By this means, 'it is possible to align the magnetization
direction of the soft magnetic layer 14 along the magnetic path (magnetic
circuit) with high accuracy, perpendicular components in the
magnetization direction are thereby an extremely few, and it is thus
possible to reduce noise occurring from the soft magnetic layer 14. More
specifically, the compositions of the first soft magnetic layer 14a and
second soft magnetic layer 14c were CoFeTaZr, and the composition of
the spacer layer 14b was Ru (ruthenium).
[0035] The orientation control layer 16 has the function of protecting the
soft magnetic layer 14, and the function of promoting alignment of
orientation of crystal particles of the backing fayer 18. Materials for the
orientation control layer can be selected from Ni, Cu, P{, Pd, Zr, Hf and
Nb. Further, using the metals as a main component, alloys containing
one or more additive elements of Ti, V, Ta, Cr, Mo and W may be used.
For example, it is possible to suitably select NiW, CuW and CuCr.
[0036] The backing layer 18 is an hcp structure, and enables crystals of

the hop structure of the magnetic recording layer 22 to grow as & granular

structure. Accordingly, as the crystal orientation of the backing layer 28



[0042] Herein, the sputtering gas pressure for the first magnetic recording layer 22a was a high
pressure of from 3 Pa to 10 Pa. By thus depositing with high sputtering gas pressure, it was possible
to obtain high Hc and Hn. The sputtering gas pressure for the second magnetic recording layer 22b
was a low press_ure_of from 0.6 Pa to 3 Pa. By thus depositing with low sputtering gas pressure, it was
possible to ot_)taln high impact resistance. [0043] In this Example, different materials (targets) w’ere
gsed f_or the first magnetic recording layer 22a and;gecond magnetic recording layer 22b, but the
invention is not limited thereto, and materials with same compositions or same kinds ma)1/ be used. In

addition, examples of ngnMagnaic MAerAisiffoma g ageele Mg alaresiligan caidebeld

improved. As a material for the backing layer, as well as Ruy, it is
possible to select from RuCr and RuCo. Ru takes the hcp structure, and
enables the magnetic recording layer containing Co as a main component
to be oriented excelilently.

[0037] in this Example, the backing tayer 18 has a two-layer structure
made of Ru. In forming the second backing layer 18b on the upper layer
side, the gas pressure of Ar was made higher than in forming the first
backing layer 18a on the lower layer side. Since the free migration
lengths of plasma jons to be sputtered are decreased as the gas pressure
is increased, the deposition rate is decreased, and the crystal orientation
is improved. Further, by increasing the pressure, the size of crystal
jattices becomes small. Since the size of the crystal lattice of Ru is
greater than that of the crystal lattice of Co, the decreased crystal lattice
of Ru approaches the size of the crystal lattice of Co, and it is possible to
further enhance crystal orientation of the granular layer of Co.

[0038] The finer promoting layer 20 is a nonmagnetic granular layer. The
nonmagnetic granular layer is formed on the hcp crystal structure of the
backing layer 18, the granular layer of the first magnetic recording layer
22a is developed on the layer 20, and the function is thereby provided of
separating the magnetic granular layer from the stage (rising) of the initial
growth. The composition of the finer promoting layer 20 was CoCr-Si0;.
[0039] The magnetic recording layer 22 is formed of the first magnetic
recording layer 22a with a thin film thickness, and the second magnetic

recording layer 22b with a thick film thickness.



(SiOx), chromium (Cr), chromic oxides (CrOx), titanium oxide (Ti02), zirconium dioxide (Zr02) and
tantalum pentoxide (Ta205). [0044] As the continuous layer 24, a thin film (auxiliary recording layer)
indicating high saturation magnetization Ms and perpendicular magnetic anisotropy was formed on the
granular magnetic layer to construct a CGC (Coupled Granular Continuous) structure. By this means,
in addition to high-density recording property and low noise of the granular layer, it is possible to add
high heat resistance of the continuous film. The comyposition of the continuous layer 24 was CoCrPtB.
[0045] The blocking layer 26 was formed using a CrTi target to be a Cr-Ti alloy layer. The blocking

ayer 26 s capgble,of SUBFESPNG EFFUGUORR it P95yEingda fare e e pschstpuaterse ayer

28 describ using a e In this Example, the blocking layer 26 was formed of a Cr-Ti

alloy, but 5 {OLIHeH HeIES0, ANTLCARPSSETES}FUFOLLAED ySharalomapiratsirastextalone anc
iIntne c

Cr alloy containe ntinuous layer 24. [0046] Cr is nonmagnetic, and therefore, does not have

the mag“e'ifs@%ﬁ%%w%@rwewmmﬁgkm@w 3&idwioes Cihaes Grrhascaighlbaodiness, it is

possible to relfably protect the continuous layer 24 when the thin blocking layer is formed.

Furthermorg ,Gris fiostid toatcasien) conaiutinghthagrrdiommatiedtve eger 2807 egaiet the
medium protectivelayer 28 described later on the blocking layer 26, and chromium carbide is

produced a,fhe interfaee hesyren dherieskiap layerf@Granththegnaeiiurhquoratye aDEr 1BeSince
chromium carbide has high hardness, higher hardness can be expected as the medium 15 protective

layer 28. Fuphghaincg @i @hiscenpitlasush ipe dapsiblel &y liiaokubiock SRECRAGEER on the
continuous layer 24 occurring in forming the medium protective layer 28 using a CVD method.

Furthermor@,rg'qwge({érvigmwmﬁmiﬁ!i%poa&fbledntiad@@EBMafrmfadhuﬁ ity @B AVSLHCEHEEmedium
protective layer 28 was formed by depositing carbon by a CVD method with the vacuum kept, and
formed whilgfcoiginieg giamatihiikagaroon. The medium protective layer 28 is a protective layer to
protect the perpendicular magnetic recording layer from shock of a magnetic head. In this Example,
the medium[peotegtive lalyer 28 orasddepasitetiosingeRedinD o it idhRt MfReFtHERto, and
may be deposited using a sputtering method. Further, when the medium protective layer 28 .is formed,
by increasingtthethices ebltEgCaPpiBdto tfe skEabWRgeferpady &tk Qﬁﬁgn RefSrdness.

material target made of CoC_rPt containing titanium oxide (TiOz) as an
example of nonmagnetic materials. Also in the second magnetic
recording layer 22b, magnetic grains formed a granular structure.

[0042] Herein, the sputtering gas pressure for the first magnetic recording
layer 22a was a high pressure of from 3 Pa to 10 Pa. By thus depositing
with high sputtering gas pressure, it was passible to obtain high Hc and
Hn. The sputtering gas pressure for the second magnetic recording layer
22h was a low pressure of from 0.6 Pa to 3 Pa. By thus depositing with
low sputiering gas pressure, it was possible to obtain high impact
resistance.

[0043] In this Example, different materials (targets) were used for the first
magnetic recording layer 22a and second magnetic recording layer 22b,
but the invention is not limited thereto, and materials with same
compositions or same Kkinds may be used. In addition, examples of

nonmagnetic materials to form a nonmagnetic area are silicon oxides



[0048] Herein, the relationship between the bias voltage and Hc in a CVD method is described with
reference to FIG. 2. As shown in FIG. 2, in the case that the blocking layer 26 is not provided, Hc
abruptly decreases when the bias voltage is increased. Meanwhile, in the case that the blocking layer
26 is provided, increases in the bias voltage hardly affect Hc. [0049] Accordingly, even when the
medium protective layer 28 is formed using a CVD method while applying a high bias voltage, since
the blocking layer 26 blocks shock, the probability remarkably decreases that the continuous layer 24
directly sustains damage. Accordingly, it is possible to form the hard medium protective layer 28 while

maintaining, the.high 16 coercive, force d diumoretecisaiayer saiibe (fitded. [0050]
S RhohTSa e CHonfec hdestmor (

Herein, the ship ness of the blocking layer 26 and Hc is described with

reference to, E—%; hfl%u%s BQY}Q@%@)%W%}%@&W%W@M 2%dsdanmed of CrTi, as the film

thickness isincreased, Hc increases. The maximum value of Hc is obtained when the film thickness is

0.25 nm, an e KEPLAIMOShATSAS! Pen the. fimtitisknss (a uithnyinecastit g e aihile,
lockin [

when the b layer 26 is formed of Cr, as the film thickness is increased, Hc increases. The

maximum value ofi e is,aliaied v thedindtiektiess 190 5min pandetsisukpt axagsetohstant
when the film thickness is further increased. [0051] As described, in the blocking layer 26, it is possible

to maintain kg & HHgkRess abaRewt GAStha igtheudaserobGrEitindayer thizknesssHabou? 0.5 nm
in the case of Cr. Thus, only by providing the extremely thin blocking layer 26 of 1 nm or less, it is

possible to gresent U figwdecrasingr aGbitimthevshy pussitteao midimizéih ifeédse idthe
distance between the magnetic head and the magnetic recording layer 22 even when the blocking
layer 26 is ps@iifiash Roriiem sieeesthe reedidingrateetioetiapmd oo mMisése e g o eRUBEsible to
thin the medium protective layer 28, and contribute to increases in recording density by shortening the
distance betygen, the rmagossibhedd anddmbigtetheetaenigiaies of (G serDKRREafI 1ayer 30

was formed by a dip coat method using PEPE (perfluoropolyether). The film thickness of the
lubrication |apiee I mposition of the continuous layer 24 was oCrPiB.

[0045] The blocking layer 26 was formed using a CrTi target to be a Cr-Ti
alloy layer. The blocking layer 26 is capable of suppressing reductions
in He occurring in forming the medium protective layer 28 described later
using a CVD method. In this Example, the blocking layer 26 was formed
of a Cr-Ti alloy, but is not limited thereto, and can be formed suitably also
using elements such as Cr alone and Cr alloy contained in the confinuous
layer 24.

[0046] Cr is nonmagnetic, and therefore, does not have the magnetic
effect on the layers below the blocking layer 26. Further, since Cr has
high hardness, it is possible to reliably protect the continuous layer 24
when the thin blocking layer is formed. Furthermore, Cr is bound to C
(carbon) constituting the medium protective layer 28 in forming the
medium protective layer 28 described later on the blocking layer 26, and
chromium carbide is produced at the interface between the blocking layer
26 and the medium protective layer 28. Since chromium carbide has

high hardness, higher hardness can be expected ‘as the medium



was about 1 nm. [0053] In the foregoing, the preferable example of the invention is 17 described with
refe.rence to accompanying drawings, but the invention is certainly not limited to the Example. It is
obvious that‘a person §ki|led in the art can arrive at various changes and modifications Within.the
scope of claims of the invention, and it is understood that the changes and modifications belong to the
technical scope of the invention. Industrial Applicability [0054] The invention is applicable as a

perpendicular magnetic recording medium installediin a perpendicul i i
_ ar magn
HDD (Hard Disk Drive), etc. 18 PEP netie recording system

protective layer 28. Further, since Cr or CrTi is amorphous, it is possible
to reliably block shock imposed on the continuous layer 24 occurring in
forming the medium protective layer 28 using a CVD method.
Furthermore, since Cr is inexpensive, it is possible to reduce
manufacturing cost.

[0047] The medium protective layer 28 was formed by depositing carbon
by a CVD method with the vacuum kept, and formed while containing
diamond-like carbon. The medium protective layer 28 is a protective
layer to protect the perpendicular magnetic recording layer from shock of
a magnetic head. In this Example, the medium protective layer 28 was
deposited using the CVD method, but is not limited thereto, and may be
deposited using a sputtering method. Further, when the medium
protective layer 28 is formed, by increasing the bias voltage apptied to the
disk substrate 1, it is possible to enhance fiim hardness.

[0048] Herein, the relationship between the bias voltage and Hc in a CVD
method is described with reference to FIG. 2. As shown in FIG. 2, in the
case that the blocking layer 26 is not provided, Hc abruptly decreases
when the bias voltage is increased. Meanwhile, in the case that the
blocking layer 26 is provided, increases in the bias voltage hardly affect
Hc.

[0049] Accordingly, even when the medium protective layer 28 is formed
using a CVD method while applying a high bias voltage, since the blocking
layer 26 blocks shock, the probability remarkably decreases that the
continucus layer 24 directly sustains damage. Accordingly, it is possible

to form the hard medium protective layer 28 while maintaining the high



Ei=fetietS=f-A-perpemicurarmagnetic recordin i iSi

_ ; _ g medium comprising, on a substrate: a soft magnetic
I;yer,.a magnetic recording Iayer;. a continuous layer which is magnetically continuous in the in%]plane
| irection of.the substrate; a blocking layer formed on the continuous layer; and a medium protective
ayer containing carbon formed on the blocking layer, wherein the blocking layer is configured to

substantially block shocks imposed on the continuous la [ [ [
yer during formation of the medium pr [
layer such that damage to the continuous layer is reduced. protective

coercive force (Hc), and the medium protective layer can be thinned.
[0050] Herein, the relationship between a film thickness of the blocking
jayer 26 and Hc is described with reference to FIG. 3. As shown in FIG.
3, when the blocking layer 26 is formed of CrTi, as the film thickness is
increased, Hc increases. The maximum value of Hc is obtained when
the film thickness is 0.25 nm, and Hc is kept almost constant when the
film thickness is further increased. Meanwhile, when the blocking layer
26 is formed of Cr, as the film thickness is increased, Hc increases. The
maximum value of Hc is obtained when the film thickness is 0.5 nm, and
Hc is kept almost constant when the film thickness is further increased.
[0051] As described, in the blocking layer 28, it is possible to maintain Hc
in a thickness of about 0.25 nm in the case of CrTi and in a thickness of
about 0.5 nm in the case of Cr. Thus, only by providing the extremely
thin blocking layer 26 of 1 am or less, it is possible to prevent Hc from
decreasing, and it is thereby possible to minimize an increase in the
distance between the magnetic head and the magnetic recording layer 22
even when the blocking layer 26 is provided. Further, since the medium
protective layer 28 can be made hard, it is possibie to thin the medium
protective layer 28, and contribute to increases in recording density by
shortening the distance between the magnetic head and magnetic
recording layer 22.

[0052] The fubrication layer 30 was formed by a dip coat method using
PEPE (perfluoropolyether). The film thickness of the lubrication layer 30
was about 1 nm.

[0053] In the foregoing, the preferable example of the invention is



[2] The perpendicular magnetic recording medium according to claim 1, wherein the medium protective
layer is formed using a CVD (Chemical Vapour Deposition) method or a sputtering method. [3] The
perpendicular magnetic recording medium according to claim 2, wherein a bias voltage is applied to
the substrate in forming the medium protective layer. [4] The perpendicular magnetic recording
medium according to claim 1, wherein the blocking layer is formed of a nonmagnetic material. [5] The
perpendicular magnetic recording medium accordjrg to claim 1, 19 wherein the blocking layer is
amorphous. [6] The perpendicular magnetic recording medium according to claim 1, wherein the

blocking layer is formed of an element confaing i3 AP RNAUY RYBUL the invention is
certainly not limited to the Example. It is obvious that a person skilfed in
th,é art can arrive at various changes and modifications within the scope of
claims of the invention, and it is understood that the changes and
modifications belong to the technical scope of the invention.
Industrial Applicability
[0054] The invention is applicable as a perpendicular magnetic recording

medium installed in a perpendicular magnetic recording system HDD

(Hard Disk Drive), etc.



[7] The perpendicular magnetic recording medium according to claim 1, wherein ' [ [
formeq of Cr or a Cr alloy. [8]. The perpendiculartfhagnetic ?ecording m,edium ac::g?d?rllcécgncga{%elr °
Wherel_n the mgdlum protective layer contains diamond-like carbon. [9] The perpendicular magneti’c
recording medium acc_ording to claim 1, wherein the continuous layer contains a Co-Cr alloy. [10] A
method_of@iaMM@:tunng a perpendicular magnetic recording medium having, on a substraté a soft
(rjr??egcrtmi%t:lc I?¥ﬁr, a Lnagnetlc recording_ layer, a continuous layer magnetically continuous in the: in-plane
o o6 e S A A iByRrsodapaeg bea ubivrder, comprisno:
ng, _ er, ocking layer; and forming the medium protective layer on the

blocking layer; wheseipfthedgoekintalayer is configured to substantially block shocks imposed on the

continuous layer during formati edi i [
et e reduc)éd. I n%gn g&gt}%% c?rfdt;tr]x% @ﬁgwm protective layer such that damage to the continuous

a continuous layer which is magnetically continuous in the in-plane
direction of the substrate;

a blocking layer formed on the continuous layer; and

a medium protective layer containing carbon formed on the blocking
layer,

wherein the blocking tayer is configured to substantially block shocks
imposed on the continuous layer during formation of the medium protective

layer such that damage to the continuous layer is reduced.

[2] The perpendicular magnetic recording medium according to claim 1,
wherein the medium protective layer is formed using a CVD (Chemical

Vapour Deposition) method or a sputtering method.

[3] The perpendicular magnetic recording medium according to claim 2,
wherein a bias voltage is applied to the substrate in forming the medium

protective layer.

[4] The perpendicular magnetic recording medium according to claim 1,

wherein the blocking layer is formed of a nonmagnetic material.

[5] The perpendicular magnetic recording medium according to claim 1,
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wherein the blocking layer is amorphous.

[6] The perpendicular magnetic recording medium according to claim 1,
wherein the blocking layer is formed of an element contained in the

continuous layer.

[7] The perpendicular magnetic recording medium according to claim 1,

wherein the blocking layer is formed of Cr or a Cr alloy.

[8]. The perpendicular magnetic recording medium according to claim 1,

wherein the medium protective layer contains diamond-iike carbon.

[9] The perpendicular magnetic recording medium according to claim 1,

wherein the continuous layer contains a Co-Cr alioy.

[10] A method of manufacturing a perpendicular magnetic recording medium
having, on a substrate, a soft magnetic layer, a magnetic recording layer, a
continuous layer magnetically continuous in the in-plane direction of the
substrate, and a medium protective layer containing carbon in this order,
comprising:

forming, on the continuous layer, a blocking layer; and

forming the medium protective layer on the blocking layer;

wherein the blocking layer is configured to substantially block shocks

imposed on the continuous layer during formation of the medium

protective layer such that damage to the continuous layer is reduced.



