1 DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM  AND MANUFACTURI NG
METHOD OF THE SAME TECHNI CAL FI ELD [ 0001] The present invention relates to
a perpendi cul ar magnetic recording nediuminstalled in a perpendicul ar
magnetic recording system HDD (Hard Disk Drive), etc. and nenufacturing
nmet hod of the medium  BACKGROUND ART [Q002] Wth increases in capacity of
information processing in recent years, various information recording
techni ques have been devel oped. Particul arl the areal density of HDD
usi ng the magnetic recording tecﬁﬂf§éﬁaﬁﬁEﬂiNntinued to increase at an
annual rate of alnobst 100% Recently, it has been required that 2.5-inch
magneti c disks used in the HDD or the |ike have the information storage
capacity exceeding 160 GB per disk, and to respond to such requirements, it

is desired to aCtPE'RPENEmﬂjLA@MV@GNEW[@@E@URM‘N@'MEDWMM' ng 250
gi gabits per square inch. [0003] To achieve the high recording density in

magneti ¢ di sks used in the HDD etc. Elsljecent years, perpendicul ar
magneti c recording system magnetic di’s (per pendi cul ar rragneti c recording

ecor ding system " eabARFAGT URNGMEIHOY ar tat SAME: 1<%0ri ented in

the plane direction of the substrate surface. N@anmhlle |n t he

per pendi cul ar magnetic 2
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 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 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 longitudinal magnetic recording system,

easy axis of the magnetic recording layer is oriented in the plane direction

of the substrate surface. Meanwhile, in the perpendicular magnetic



recordi ng system easy magnetization axis is adjusted to be oriented in the
perpendi cul ar direction to the substrate surface. In the perpendicul ar
magneti c recording system as conpared with the |ongitudinal recording
system the demagnetizing field (Hd) reduce and the coercive force He
beconmes hi gher as magnetic grains are fixner, and it is thereby possible to
suppress the phenonenon of heat fluctuation. The perpendi cul ar nagnetic
recording systemis thus suitable for increasing the recording density.
[0004] FUEEREFINGySYRtame AT rBagestizatione axiy df nadiushed el wgiegs iy,
both densities continue to increase i.e. the linear recording density (BPI
Bit Per Itheeipendioutandinattioartoi the dubstiaterswifacée ragiine perpésdicudad t he
track density (TPI: Track Per Inch) in the radius direction. Further,

t echni queRagaktichrstb ling Sgstiedn Nakr evfRaedn9atH TRBNRIA Fitediacil N@tord iRy ween
t he magnetic | ayer of the magnetic disk and Read/ Wite elements of the

magnet i %ggnﬁotlﬁ% cfneﬁ]nggﬂlﬁag‘ségng? m?lﬁagtlﬁgt }éﬂudcTé’earH %hid cBeraive Pbrcd

magneti C I'S een desired 1 n recent years.

[ 0005] W,th decreases in the flying height of the netjc head as.

Hescr! bebSRTES HIB e s miranelfo el eadaet «#ad 1f i haERRY AoSaible to
contacts the disk surface by external inpact and/or fluctuations in flying.
Ther ef or supHespertbendpBanamenameoi c heddorflliclyadiosk i s Thevpeseendiaular

medi um protective |ayer to protect the surface of the magnetic recording

| ayer aganhaghebiei ngcodinychpstenheis tings nagtat liec foeddcreddindesheav tdtording

per pendi cul ar magnetic recording di sk. The nedium protective |ayer is

f ormed ofdéhé;w_bon over coat (COC) i.e. a coat with high hardness by carbon
coat. In some ‘nedium protective |ayer coexist hard dianond-1i ke

[0004] Further, with such increases in the information recording density,
both densities continue to increase i.e. the linear recording density (BPI:
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-like



3 bonding of carbon and soft graphite bonding (for exanple, Patent

Docunment 1). Meanwhil e, another technique is disclosed that a dianond-Ilike
bondi ng protective layer is manufactured by a CvD (Chemni cal Vapour
Deposition) nethod (for exanple, Patent Docunent 2). [0006] Further, to
protect the nedium protective |ayer and 4 he magnetic head when the magnetic
head collides, a Iubrication | ayer is formed on the nedium protective

| ayer exanple lubricatign |la er |sfor db appl yi

perfl uorg’&ﬂ q)Bgheaf aﬁﬁf ™t 8P¢n O?bag ing: é‘ébaﬁ&é‘iﬂgi dPaient
Pat ent Publication No. H10- 11734 Pat ent Docurrent 2: Japanese Lai d- Open
Pat ent PUbdcemendn No. Mesrwhiles?2 abicdieOStReh O ueNVENTIdGSCIPREEL EV@R TG BE
SOLVED BY THE | NVENTI ON [ 0007] As descri bed above, the nedium protective

layer andiibmund-ikieonbohdiey pretéctive r ¢égyeon idhemagoRidtaré@cdydi ag Cmer,
and with increases in the recording density, there is a demand for further

Fecor di ng O raroe Yelout B SIRbHT Ao litR) g eka e afeh Dt e

dia, t t.hat ft t I d t
nopl v S0PBET FURBREYIE W BLeet Phe B R BrEfadIfg b AT e
magnetic recording |ayer, and the spacing between the nmagnetic head and the
soft magri@ad wheyyéhe fupgnetic head colidesharlebsicatian Iayemnisefarimed on the hin

| ayers closer to the substrate surface than the soft magnetic |ayer,
parti cul anedjuhayertective 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
layer 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



closer to the surface substrate than the nmagnetic recording |ayer as nuch 4
as possible. [0008] However, when the nedium protective |ayer is sinply

t hi nned using the conventional CVD nmethod as described in Patent Docunents
1 and 2, durability of the medium protective |ayer deteriorates such as
wear resistance, inpact resistance, etg. [0009] The present invention was
made in view of the above-nentioned problem occurring when the nedi um
protective layer is fornmed, and it is an object of the invention to provide
a per pendiScRP8$iPh@gnetic recording medium provided with a medi um protective
| ayer with inprovenents in durability such as wear resistance, inpact

resi st ancﬁ@OngHOW\hVee whehrih& riedjumeraiefivoaygivis sonply thimakd BeRg
SOLVI NG THE PROBLEM [ 0010] To sol ve the above-nenti oned problem the

i nvent or shefcdrhee nticwanC\ID reethes tdsydesdebsduiti Pateat®dhamvehts tthahdwlen it
is possible to forma nedium protective |layer harder than the nedi um

rotecti o] d i jongl ; P& n
S A RS S o S (S SRS g
formng a nedium rotef%ive r harder than the conventional nedi um

| aye
prot ect i VESISZHBPE. YNPAREL 8§'Slt§n§8n§it(&er ed of increasing the bias voltage to
the substrate in the CVD nethod. [0011] However, in the CVD nethod, when
t he bi as[Q8PPhdde Preseptdprantionhwas indade pinoliawh ehibet aboreenentionast ce
(Hc) decreases in the magnetic recording nedium The nmedi um protective
| ayer isprobtad ooccarring when the medium protective layer is formed, and it is

an object of the invention to provide a perpendicular magnetic recording
medium provided with a medium protective layer with improvements in
durability such as wear resistance, impact resistance, etc. while
maintaining the high coercive force.

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 substrate in the
CVD method.

[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. 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 voltage is applied in



continuous |ayer provided on the magnetic recording |layer to increase wite
performance. Then, when the high bias voltage is applied in 5 formng the
medi um protective |ayer by the CVD net hod, carbon particles «collide
intensely with the continuous |layer with high energy. Therefore, although
the hard medium protective layer is formed, the decrease is considered due
to partial destruction in the continuous |ayer that is formed imediately

bel ow t he medi um protecgtive |layer to i ove wite characteristics of the
magnet i c TPERHGItAE Megdpm Pb@tfﬂt"fm&){e?{%)é tgﬁ\,@h{%r@e{ho hearbrrmargsleSund
out that the nedium Frot ective layer can be thinned even in applying the
hi gh bi azollitieaigéensely witlsdibet candnupes katyercwithc high fenergy( Hc hefefare,
recording mediumis prevented from decreasing, and reached conpl etion of

t he i nverdlimsugh [l Hardn médrmwprsiective salee ishéomel| aie adorpasal is
configuration of a perpendicular magnetic recordi ng nedium according to the

I nvent i on.dr%id& el Aeketd @%‘#tiard%l’ﬂmﬂiorﬂh fhé%ﬂt[rﬂ}cﬁ;s fap&f thaB8Rirhfed

| ayer, a magnetic recording |ayer, a continuous |[ayer magnetically
conti nuous in,t i | ane ., directi,on of t ubstrate, a bl ockin lvf} i&; for

e in; e
bl ocki ng '%8?'5{}%\65 ¢80 e DBRdIUNoRM 3§ﬁ?’? YL Qi URPRY¥E ed
| ayer containing carbon forned on the blocking |ayer. [0014] By the
conf i gur &hasaciedsiies@fthenmasnalioeeedigingyayebet ween the conti nuous | ayer
and the nedium protective layer, the blocking |ayer blocks shock occurring
in form rf@otR2¢ Thas, uther istvecttove dfayee, irvehtidre foumabahit! that theanmedium
reduces that the continuous layer directly sustains damage. Accordingly, it
i's made pRetb8life tiaybPIdBR RALKINTRY BWen in applying the high bias voltage to
the substrate when the coercive force (Hc) of the recording medium is
prevented from decreasing, and reached completion of the invention.
[0013] In other words, to solve the problem, a typical configuration of a
perpendicular magnetic recording medium according to the invention is
characterized by 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, a blocking layer for blocking shock imposed on
the continuous layer, and a medium protective layer containing carbon
formed on the blocking layer.
[0014] By the configuration provided with the blocking layer between the
continuous layer and the medium protective layer, the blocking layer
blocks shock occurring in forming the medium protective layer, and the
probability remarkably reduces that the continuous layer 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



protective |ayer while maintaining the high coercive force (Hc), and the
medi um protective | ayer can be thinned. [0015] Further, the nmedi um
protective layer is preferably formed using a 6 CVD (Chem cal Vapour
Deposition) nethod or a sputtering nethod. [0016] By form ng the nmedium
protective |ayer using the CVD nethod org sputtering nethod, it is possible
to formthe denser nmedium protective |ayer containing carbon with higher

har dness, d the nedjum protective. layer, can be thinned. [0017] Moreover,
M SlalelsaTel -t (VAR EAS L - S R W
protective layer. By this nmeans, it is possible to formthe dense nedium
prot ect i [BON &) &Y dormingithg eadium wirotedtivh lareansing thruGVier matbodspnce
the bl ocking layer is provided between the continuous |ayer and nmedi um

prot ecti \sputeerdng methodhet ishpossiblenterforectheedbager mieditior pedtedtive
applying the high bias voltage to the substrate, the blocking |ayer bl ocks

shock, tglﬁ%lépflfdmélﬁﬂﬁg' ¥Rt 9fth (HIGhBPYhdrRfnexeStand theaRAfum pretédtivét 1S

made pos e to formthe hard nedi Um protective layer, and the nmedi um

pr ot ecti%gggﬁ§§rﬁa%§gpﬁ§né%nned. [0018] Further, the bl ocking | ayer nmay be

formed of terial. By this nmeans, magnetic effects are not
i nposed on the continuous |ayer inmmediately bel ow the bl ocking. |ayer and

the magndPPd 7] MetRey ey 8 &ias voltd@a AaPL ¢ dnpliad & the suksteats iy fapning
[ 0019] Furthernore, the blocking | ayer may be anorphous. By this neans, it
i s possi the median giojebliveklaylesck Bypbsedneanishet denpoasihle td dgem the
occurring in formng the nmedium protective |ayer using the CVD
dense medium protective layer containing carbon with high hardness.
Furthermore, since the blocking layer is provided between the continuous
layer 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 layer 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 layer may be amorphous. By this
means, it is possible to reliably block 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



met hod or sputtering nmethod. [0020] Still furthernore, the blocking |ayer
may be fornmed of an elenent contained in the continuous |ayer. By this
nmeans, it is possible to form the blocking | ayer suitably w thout changing
properties of the filnms formed 7 below the continuous |ayer. [0021]

Mor eover, the bl ocking |layer may be formed of & or a O alloy. O is
nonnmagnetic, and therefore, does not have the magnetic effect on the |ayers
beIOM/th%% Ioch%n% I% er. Further, since O has high hardness, it is
possi bl e RYOMelR&5ON Wetd¥e continuous |ayer when the thin bl ocking

| ayer is fornmed. Furthernore, Cr is bound to C (carbon) constituting the
medi um prl80&4d{ iNereeyer, the hdeeking davenhwaavinyerieraad vaf Gragera &ar @%@Y-

bl ocki ng | ayer, and chrom um carbide is produced at the interface between

t he bl ock@ ngs | yremn agime tid) eamet diherefo e, edd e g endfaharve tise noageoleticretfiect asti de
has hi gh hardness, higher hardness can be expected as the medi um protective

ayer. [ GAR2 RS tabw tHE DISSking Ryl ctENRNGRY Sind L ra0AY Hidh Hiramds, | ke

car bon. i s thereby possible to provide the dense nmedi um protective [ayer

with durability. [.R023] Furthermr t.h ont.i n | gyer. nma 0 i

Co & a1yl sy Yo asbihy BLStagty TofanpbtRbls, FGheaRheT b b
recordin | ayer. [0024] To solve the above-nentioned problem a typical
const i t uthlegkbIg alayest hddfyimednuf ZUtheHYoEe pdrpelfdiRennd tagRet(c@rbon)
recordi ng nmedium according to the invention is a nethod of manufacturing a
per pendi azdrestituting the medium protective layer in forming the medium protective

layer 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 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 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



magneti c recordi ng nmedi um having, on a substrate, a soft nagnetic |ayer, a
magnetic recording |layer, a continuous |ayer which is nmagnetically
continuous in the in-plane direction of the substrate, and a nmedi um
protective |ayer containing carbon in this order, and is characterized by
including the steps of formng , on thegontinuous |ayer, a blocking |ayer 8
for bl ocking shock that the continuous |ayer undergoes, and of formng the

medi um pr.otective | ayer he bl ocki ng | ayer. 025] Structural el engnts
ond descrioboierk o et aek hab e sioTiultls Bt uhdeage st ahdcohBissing Hif o
magnetic recordi ng medium as descri bed above are applicable to the nmethod
of manuf aoediumgonatectiperipyadiosuthe bhegkiegi l@yescor di ng nedi um Advant ageous
Ef fect of the Invention [0026] The perpendi cul ar magnetic recordi ng nmedi um

accor di ngoo2a5( I8tructurant iedements apadd e ddsdriptiogs a thiedeofm prasiezict ove treyer
with inprovenents in durability such as wear resistance, inpact resistance,

etc. whi i)t agBiRN [ mi f I | P
DRAW NGS%%BZ? d]Fﬁgablg?ftshZ]é(;i ggF am tigul%pl g{@aetcﬁgnﬁ%ﬁﬁgonﬂ%wagmag%et iC

di di [ . Le; FLG 2.1 h icll i h
ol at | ondIf g HE.SER8LE P’ HBGHIIREAE b mdiioR raf ABMGHEIAS WY1 20
graph illustrating the relationship between a film thickness and coercive
force Hc.PedRSOMipiianNnegnstiosgserding medium.

Advantageous Effect of the Invention
[0026] The perpendicular magnetic recording medium according to the
invention is capable of having a medium protective layer with
improvements in durability such as wear resistance, impact resistance, etc.
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 Hc.
DESCRIPTION OF SYMBOLS
[0028] 1 Disk substrate

12 Adhesion layer

14 Soft magnetic layer

14a First soft magnetic layer

14b Spacer layer

14c Second soft magnetic layer



[0028] 1 Disk substrate 12 Adhesion |ayer 14 Soft magnetic |ayer 14a First
soft magnetic |ayer 14b Spacer |ayer 14c Second soft magnetic |layer 9 16
Orientation control |ayer 18 Under |ayer 18a First Underlayer 18b Second
Underl ayer 20 Finer pronoting |ayer 22 Magnetic recording | ayer 22a First
magnetic recording |ayer 22b Second nagnetic recording |layer 24 Continuous
| ayer 26 Bl ocking |ayer 28 Medium protective layer 30 Lubrication |ayer
BEST MODE FOR CARRYIL NG OUT THE | NVENTI ON [0029] (Exanple) Described bel ow
is an Exanpl e é@?ﬁ%‘tﬂ?@tﬂ% troll@Y8fi ¢ recording medi um according to the
invention. FIG 1 is a diagramto explain a configuration of the
per pendi cul ar régnddnder &xyeri ng nedi um of the Exanple, FIG 2 is a graph
illustrating the relationship between a bias

18a First Underlayer

18b Second Underlayer

20 Finer promoting layer

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 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 Hc, and FIG. 3 is a graph illustrating the
relationship between a film thickness and coercive force Hc. In addition,
dimensions, materials, specific numeric values and others are only
illustrative 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 magnetic



vol tage and coercive force Hc, and FIG 3 is a graph illustrating the
relationship between a filmthickness and coercive force Hc. In addition,

di rensions, materials, specific nuneric values and others are only
illustrative to facilitate understanding of the invention, and the invention
is not limted thereto except as otherywyse particularly nmentioned. [0030]
The perpendi cul ar magnetic recording nmediumas shown in FIG 1 1is conprised
of a disk substrate 1, hesi gn | aye rst soft netic 10. | ayer 14a,
spacer |§%@r 143, %%%%?%Yﬁ'i ity %‘P‘F‘&”ﬁ?a%ﬂt mAagnesic; &wel 145 U&RRIESI0N ayer
16, first backing layer 18a, second backing |ayer 18b, finer pronoting

| ayer 20comtralt layagnébi dirstdacking Ilaatseéﬂ&@,aseg@adnaaarhmﬂawer ASdorfin e

| ayer 22b, continuous |ayer 24, blocking |layer 26, nedium protective |ayer
28 and | pronstingnalyeaye20 36irst magidetic arcording ilagér Kfd, sevgndt madrestes
14a, spacer |ayer 14b and second soft magnetic |ayer 14c constitute a soft

magneti ¢ rbg Ia%? ﬁQbStc@ﬁﬁKUBGs| fYpsr 188 EEﬂQckﬁﬁfQ%‘?el?aQ%' NehefuRi 180

Mf"dm{:ﬁ
constitute a backing |ayer 18. first’ magnetic recording |ayer 22a and

23, [ 00 OEreyé Ta¥F LAk, é% Mﬁcﬁ%ﬁ'ﬁ? dave" gplsS (EEMhlRoy Y Akl ardte o

di sk by direct press, and gl ass disks were prepared The gl ass di sk was

subj ect ed“@gnQF'Pn'&Yﬁ@ Tl gBﬁPﬂ@ layRr dAenaBgl SeeQnd &Q{Er%ﬁgngﬂéid@b{ﬁaﬂ%l

and obt ai ned was the snooth nonmagnetic di sk substrate 1 made of a

cheni cal lopnstituferaesofyl asgnitik.laye0324. UsThg Sirstepesikingnlaygrandausancder

vacuum in an atnosphere of Ar, by a DC nagnetron sputtering nethod,

deposi ti et Peackingedayer 18b constitute a backing layer 18. The first
magnetic recording layer 22a and second magnetic recording layer 22b
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. Thereafter, 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



sequentially on the obtained di sk substrate 1 fromthe adhesion layer 12 to
the bl ocking | ayer 26, and the nmedium protective |ayer 28 was forned by a
CVD nmet hod. Thereafter, the lubrication |ayer 30 was forned by a dip coat
method. In addition, in ternms of high in productivity, it is also

preferable to use an in-line depositionimethod. A configuration and

manuf act uri ng nethod of each |ayer will be described bel ow [0033] The
adhesi on | ayer f ormed, usi ng allo ar S hat yer

o e T o s apes Shie d6 BRnaBgsr afhenish eteRbithe G yetuds trife. g
possi bl e to enhance adhesi on between the disk substrate 1 and soft ma netlc
| ayer 14 sodhdnpgnesict leyebyl bossidblik isothereanhipassdbkopito prayastithe fpdt 14
frompeeling off. As a material for the adhesion layer 12, for exanple,
Cr-Ti al Imggnetio lageusbdl frgiOBdeliBy @if oviAls ragrﬂéterinirfmqm;t adhggémernayayer
14b between the first soft magnetic |ayer 14a and second soft magnetic

| ayer 14g,2 tfae e%@a‘rhpwm@nqt.wdweén%lu%e@onfl gured to has AFC
(Antiferro-magnetic exch ange coupling). By this neans, is possible to

oot 2?8%??&3’?@%”9 i FgBhete a?e%g%ﬂ?%%‘?‘“'%e ﬁéﬁ@?%ﬁ e Hist e

conmponent s | n the neti zation directiogn e thereby an extrenely few, and
it is thsoft d’ﬂ@gf‘ﬁlt'é‘ dyekdita "Hi')‘i’s%e%@@r?? gmqﬁmﬁtﬂ%e ayert 1hagnidte &9 fayer
14. More specifically, the conmpositions of the first soft magnetic |ayer
14a and rsagoeticslayerndnetdanfigiyed ol hase Ad CqPatdZrro-aragn élec exghegige on
of the spacer layer 14b was Ru (rutheniunm). [0035] The orientation control
| ayer 16 dwaplirtp). f By | @iis OnéMmé eat | iRg gdiible 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 layer 18. Materials for the
orientation control layer can be selected from Ni, Cu, Pt, 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 hcp structure of the magnetic recording layer 22 to grow as a granular

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



soft magnetic |layer 14, and the function of pronoting alignnment of
orientation of crystal particles of the backing |ayer 18. Materials for the
orientation control |ayer can be selected fromN, Cu, Pt, Pd, Zr, Hf and
Nb. Further, using the netals as a nain conponent, alloys containing one or
nore additive elements of Ti, V, Ta, Crio2M and Wmay be used. For exanple,
it is possible to suitably select NNW CuWand CuCr. [0036] The backing

| ayer 18.is,an hcp, . structure, and_enables crystals of, the hcp_.structyre of
o’ ragndt  BGhSlor HihaotaPEAton "0 Gt maghe e JReoR NG (ByEr 28, can Be
Accordingly, as the crystal orientation of the backing layer 28 12 is.

hi gher, tim@revednt afisora dnateédahdgnethe backingi dgyeayas aeltaas bRU,i pivved.
As a material for the backing |ayer, as well as Ru, it is possible to

sel ect frpussibile tare|&tiCronRRiGkemd Rubop Ruuakesetheahdp strabtuae, tared
magnetic recording |ayer containing Co as a main conponent to be oriented

excel | entdpgp got@fa gudb'?(#'? rE$8rIING, 14y EGktdiRthd ®asld Mam %OW%héM?r

structure nma ) orm ng the "'second bacKing layer 18b o e upper
| ayer si t he [ of Ar was nmade higher than in formng the
first ba@a?%amea{ﬁg? %é(gg@%g@fe | ower |ayer side. Since the free mgration

| engt hs of Ogl asma ions to be sputtered are decreased as the gas pressure 1isS

i ncr eased008Ké laelysi EXamMpigs ethes hackingskayeradd M@ @ ywoalaysri sHustueh s
i nproved. Further, by increasing the pressure, the size of crystal lattices

becones snadk.ofSRuce téomnirgg dle tdexand baakingtiayee 18b & the uppeatleyet han

that of the crystal lattice of Co, the decreased crystal lattice of Ru

appr oachegdéhehsgi gasoprédsurer v¥tAl Wastine@eohigRer andni in ifBrvvAgi thee first
backing layer 18a on the lower layer side. Since the free migration
lengths of plasma ions 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
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-SiO,.
[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.



further enhance crystal orientation of the granular |ayer of Co. [0038] The
finer pronoting layer 20 is a nonmagnetic granular |ayer. The nonnmagnetic
granul ar layer is fornmed on the hcp crystal structure of the backing |ayer
18, the granular layer of the first magnetic recording |ayer 22ais

devel oped on the layer 20, and the funcigon is thereby provided of
separating the magnetic granular |layer fromthe stage (rising) of the

initial . The conposition of the finer pronoting |ayer 20 S

oo - & 08009 Pbdisfie S hRAenRES, Basding 1AYGE R the Feprasd BHRCtuR
magnetic recording layer 22a with a thin filmthickness, and the second
magnet i ¢ ofr @@(ﬁrdﬁtngfiﬁyefbf 2mmi wasa forneid fusingt Ai brrésmagreeti¢ onadgriak t he
first magnetic recording |ayer 22a, the hcp crystal structure of

CoCr Pt - Ctafgetomati enof V@sCHRt meattaiping chroatid oxiglee{Ce, Ot &8 il exbangiet ofrade
of CoCrPt containing chrom c oxide (Cr203) as an exanple of nonmagnetic

material g, Sghentagngteast er male VRS ﬁﬁ%jr?éli’é ethat@riiNdyd e sBRveghted
mat eri al toon-FPogmthe gra(ihna[)ggundary, anr(} the magnetic grgYns fsggmag a
pillar-s granul ar. structure, . e{mgﬂ i gr.al ns d | taxial
growt h c%ﬁBﬁﬂ‘Sngfgy rﬁﬁgiﬁett#e @Piﬁﬂggrt St @ﬁ uﬁ?ee gfél?'he&ﬁ!ﬁégﬂgr @ﬁg‘i i ﬁf}é
| ayer. [0041] As the second magnetic recording |ayer 22b, the hcp crystal
st ruct ur énggnelergains dorged a m%&%‘%%%aﬂgfﬁgsﬁuﬁwr&-maﬁ‘@t Mmagnatier i al
target nmade of CoCrPt containing titaniumoxide (TiO2) as an exanple of
nonmagnetgraimadeviedd ged A pitaxial giiewdb comti meauelyi from dee rgtiang | agtnuciats
magnetic grains formed a granular structure. [0042] Herein, the sputtering
gas presgfrt@ef @het Peofridtiig Mpgeet i c recording
[0041] As the second magnetic recording layer 22b, the hcp crystal
structure of CoCrPt-TiO, of 10 nm was formed using a hard magnetic
material target made of CoCrPt containing titanium oxide (TiO;) 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 possible to obtain high Hc and
Hn. The sputtering gas pressure for the second magnetic recording layer
22b was a low pressure of from 0.6 Pa to 3 Pa. By thus depositing with
low sputtering 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 kinds may be used. In addition, examples of

nonmagnetic materials to form a nonmagnetic area are silicon oxides



| ayer 22a was a high pressure of from3 Pa to 10 Pa. By thus depositing

with high sputtering gas pressure, it was possible to obtain high He and

Hn. The sputtering gas pressure for the second magnetic recording |ayer 22b
was a | ow pressure of from0.6 Pa to 3 Pa. By thus depositing with | ow
sputtering gas pressure, it was possibl esto obtain high inpact resistance.
[0043] In this Exanple, different materials (targets) were used for the

first netic recordi ng er .22a .and secon netjc recording |ayer 22b,
but "t he S00M GHIOINIEE ( CRlt GlTO MR ceaaan Al ERoh s sNanlun cide (PG,
conpositions or sane kinds may be used. In addition, exanples of
nonnagnetitcarsust idadxideo( 4160 mh anddantajuet iperdesidenf ta=gd$).con oxi des 14
(SiOx), chromum (Cr), chromc oxides (CrQ,), titanium oxide (Ti Q2),

zi rconi urfod4ayiAe thér E8htiand usamyad ruvpentthinn dn{ TadRB)ary] 6OdahldiAg tver)
continuous layer 24, a thin film(auxiliary recording |layer) indicating

hi gh sat deft Q:% Y MES HV‘%-Pé HeBgapRrdivs! fd ddicufdH P& c Was
f ormed oﬂhtaLe gr' nupar magne!tblc agere to construct % ((C:Igupl Z@q} an%l ar
Cont i nuous). r this S, .Lp ddi i | 1.0, _hj gh: densi recoyr di ng
property 353438?%%1&%% @%n}erfie Oﬁﬁ% glranp(@'e?r,\ééﬁgpé Ec}'segi B(Ic’je&méti%?hi h
heat resistance of the continuous film The conposition of the continuous
| ayer 24 G coepppied [ GrasulaheCondtwans) Steictidevas Byr fRi$ udedgsa o Ti
target to be a C-Ti alloy layer. The blocking | ayer 26 is capabl e of
suppr essiadditietuta iigh-démsitle recoud imggropefiyr andglawmenaisei aftipe oy kEriulae
| ayer 28 described later wusing a CVD nethod. In this Exanple, the bl ocking
layer 26 |9gerf @r i@possible to add high heat resistance of the continuous film.
The composition 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 layer 26 is capable of suppressing reductions
in Hc 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 continuous
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



of a COr-Ti alloy, but is not limted thereto, and can be forned suitably

al so wusing elenents such as C alone and C alloy contained in the
continuous |ayer 24. [0046] Cr is nonmagnetic, and therefore, does not have
the magnetic effect on the | ayers bel ow the bl ocking | ayer 26. Further,
since O has high hardness, it is possilgle to reliably protect the
continuous | ayer 24 when the thin blocking |layer is forned. Furthernore, Cr
is bound to C (carbon) constituting the medium protective layer 28 in
forning tHOteadYe IAVEF dect MYEN ey &INGR GreQEGads [amerpkausnl I8 RRR$iINGE

| ayer 26, and chromumcarbide is produced at the interface between the

bl ocki ng tbayaliablyebkork tshe akethpespdobacther edrdirno @8.1agenc4 coaurring in
carbi de has high hardness, higher hardness can be expected as the nedium 15

protecti orimaygr e Medihen, pidteetiCe oray@rTi 28s asmigPheus CVD i fatasdl bl e
to reliably block shock inmposed on the continuous |ayer 24 occurring in

formng t i pr Qt: ive,l ayer;: i a GVD; tfﬂ?éjs' unthe r
since Cr ?@rtﬁﬁgy%&éi \(/%telﬁelét |€£ %ssrﬁﬁ%% toé?gg’ducq::t\e/ Iérg u aclphér:i r%) C(F)és?l.]@e

[0047] The _nmedi um pr ot ecLi ve | ayer 28 was forned by depositing carbon by a
cvD net hdGMHACHING, §08tm kept, and formed while containing di amond-1i ke

carbon. The nedium protective layer 28 is a protective |ayer to protect the
per pendi Q047 ] i@ enpdiyracpretiesdiviealaren 28nwasotxrmoed Ry wepesitiagheagoonn
this Exanple, the nmedium protective |ayer 28 was deposited using the CVD
met hod, by a sCW@ rhethde@dwithetleé oyaandnmikepie anldplasimed whilsgcenspiningri ng

met hod. Further, when the nmedi um

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 applied to the
disk substrate 1, it is possible to enhance film 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
continuous layer 24 directly sustains damage. Accordingly, it is possible

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



protective layer 28 is formed, by increasing the bias voltage applied to the
di sk substrate 1, it is possible to enhance fil m hardness. [0048] Herein,
the rel ationship between the bias voltage and He in a CVD nethod is
described with reference to FIG 2. As shown in FIG 2, in the case that
the bl ocking layer 26 is not provided, Ke abruptly decreases when the bias
voltage is increased. Meanwhile, in the case that the blocking layer 26 is
provi ded, increases in the bias voltage hardly affect Hc. [0049]

Accor di ngt8ercdve foigr Hchea R dnenmacibiBL Proteativgelayey ¢an g thidnegsi ng a cvD
met hod whil e applying a high bias voltage, since the blocking |ayer 26

bl ocks sHOOK0]tHerginohihle Iretatiorestipk bblwedacaetibasthibknhesbeof ¢bhat bloakisg

| ayer 24 directly sustains damage. Accordingly, it is possible to formthe

hard medi|ayeRrzd efid VR |deisc?idbathinith efdredicel ftd) FIe i gAsI8hoReifiIFG.
force (Hc), and the nedium protective | ayer can be thinned. [0050] Herein,

0 oL AP ELUBER AR 8 U T e S fpaote

is described w e own | n

bl ocking | ayer 26 is formed of CrJi, as the filmthi ess i i ncreased, He
nor easesnOrRBSRAX HErNGAPaESSr 1ENS TSI AIHENoT tE B CRte Ik H2EN: s
0.25 nm and He is kept al nost constant when the filmthickness is further
i ncr easedthevédmathicknegsers Ohd5 bnckamd Hayisr kepb alngsir aeastgntowheds thae
filmthickness is increased, He increases. The maxinumvalue of He is

obt ai ned filmerthidiendsd s toriHereircreased> nMeaawhilée wiserkepe Bloukdhgclaystrant

when the filmthickness is further increased. [0051] As described, in the

bl ocki ng @Y otkred bf i, RSP ®m! hiBRABESIS iR€reased, 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 26, 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 nm 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 possible 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 lubrication 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



in a thickness of about 0.25 nmin the case of CTi and in a thickness of
about 0.5 nmin the case of Cr. Thus, only by providing the extrenely thin
bl ocking layer 26 of 1 nmor less, it is possible to prevent He from
decreasing, and it is thereby possible to mnimze an increase in the

di stance between the magnetic head and the magnetic recording |ayer 22 even
when the bl ocking |ayer 26 is provided. Further, since the nedi um

protective |layer 28 can _be nmade hard, it is possible to thin the nmedi um

D ot ect | VPSR Sth iStente s aecopnanyiaBodBviras covtihs Bl
shortening the distance between the magnetic head and magnetic recording

| ayer 22.cqrtaivdy npidimitedi watheExampte.30 s obyionsithgt a piersavakillad od
using PEPE (perfluoropolyether). The filmthickness of the |ubrication

| ayer 30 theesrtadarutardivenat V80685 dhandes bovdegwdificatibe spwithén dbhé sovpnpfe of
the invention is 17 described with reference to acconpanyi ng draw ngs, but
the invenihafisi of @6 VMGt dddi eds t anbiBesIBERMIAt the! ehahdausaidat a

person ski in the art can arrive at various changes and nodifications

Wi thint . |, 2 of. 1 I [ [t .J erstood that the
changes Qﬁaaﬁﬁ‘g%i@ifl%g%’ll@hQEtBe{hc?ngbe?%m%é%gtsf:g@ﬁnﬁ;&'é i@é%%ﬁl(g'g' the invention.
| ndustri 3I Appl. i Cﬁbi | i t¥)_ 0054] The invention is applicable as a
per pendi d0A&StHALARPIICAPYNYr di ng nediuminstalled in a perpendicul ar
magneti c recording systemHDD (Hard Disk Drive), etc. 18

[0054] The invention is applicable as a perpendicular magnetic recording

medium installed in a perpendicular magnetic recording system HDD

(Hard Disk Drive), etc.



CLAI M5 [1] A perpendicul ar magnetic recordi ng nmedi um conprising, on a
substrate: a soft magnetic |layer; a magnetic recording |ayer; a continuous

| ayer which is nmagnetically continuous in the in-plane direction of the
substrate; a blocking |layer for bl ocking shock i nposed on the continuous

| ayer; and a nedium protective | ayer congai ni ng carbon fornmed on the

bl ocking layer. [2] The perpendi cul ar magnetic recordi ng nmedi um according to
claim1l, Wg rein the nediumprotective layer is formed using a CVD
(Chenicaﬁ3L gﬂ ur Deposition) method or a sputtering nethod. [3] The

per pendi cul ar magnetic recordi ng medi um according to claim2, wherein a
bias voltage is applied to the substrate in formng the nmedium protective

| ayer. [4] The perpendicul ar magnetic recordi ng nmedi um according to claim1,
wherei n t{hg¢ bl dckpaperyieulars magmstiof recordimaggneddicmatemmlisingh] obhea

per pendi cul ar magnetic recordi ng nmedium according to claim1, 19 wherein
the bl ockdypktlsgeer is anorphous. [6] The perpendicul ar magnetic recording
medi um according to claim1l, wherein the blocking layer is formed of an

el ement cont ai %egoi‘t%ta@?letfcofbty)éwous | ayer.

a magnetic recording layer;

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

a blocking layer for blocking shock imposed on the continuous
layer; and

a medium protective layer containing carbon formed on the

blocking layer.

[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,



[ 7] The perpendicul ar magnetic recordi ng medi umaccording to claim1,
wherein the blocking layer is forned of G or a C alloy. [8]. The

per pendi cul ar magnetic recordi ng nmedi um according to claim1, wherein the
medi um protective |ayer contains di anond-1ike carbon. [9] The perpendi cul ar
magneti c recordi ng nedi um according to glbaim 1, wherein the continuous

| ayer contains a Co-Cr alloy. [10] A nethod of manufacturing a perpendicul ar

magneti c recordi ng ma&@lrjm he}{lli nq, on.a substrate, a soft magnetic |ayer, a
magnetic recorNAEEINANG DlackipgdpyEbiE AMYERN M net i cal I'y continuous in the
in-plane direction of the substrate, and a medi um protective |ayer
containing carbon in this order, conprising: formng, on the continuous

| ayer, a bl ocking layer for blocking shock that the continuous | ayer
under goegp] andTher pe rgeridieul@dmayg et eetortingaymediom dbeokdiogkiongldiaydr, .

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-like carbon.

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

wherein the continuous layer contains a Co-Cr alloy.

[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 for blocking
shock that the continuous layer undergoes; and

forming the medium protective layer on the blocking layer.





