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
magneti c recording system HDD (Hard Di sk Drive), etc. and manufacturing
met hod of the nmedium BACKGROUND ART [0002] Wth increases in capacity of
I nformati on processing in recent yearsl various information recording

t echni ques have been devel oped. Particularly, the areal density of HDD

usi ng the magnetic recording tecbrﬁ'géﬁlpqqoq\?nti nued 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 requirenents, it
is desired to actualize the information recording density exceedi ng 250

gi gabits per squd? ERRENDICUIOAR] MAG NETIS REGORD UNGr Hikg density in
magnetic disks used in the HDD, etc. in recent years, perpendicul ar
magneti c recordi ng system magnetic digp (perpendi cul ar nagnetic recording
di sks) have been proposed. In the conventional |ongitudinal magnetic

recordi ng system e ' h GREET IS ' l\aer is oriented in
the plane direction q‘?é“@%’?ﬁ%ﬁ'@te surbg%.émﬂﬁ?ﬁeﬁﬁi n the
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 nagnetization 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 nmagnetic grains are finer, and it is thereby possible to
suppress the phenonenon of heat fluctu&ion. The perpendi cular nagnetic
recording systemis thus suitable for increasing the recording density.
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bot h densities ontinué to1ncrease 1. recording density
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t echni ques have been studied to narrow spaci ngs ﬁrragneti'c spaci ngs)  between
t he magmeagoetigyeecadingesystgnnt a6 apBwaied metuthei longitugival srecerding
magnetic head so as to inprove the S/INratio. The flying height of the
magnet i gyls¢amh, i thel @emagnetiehsg tfield (Hd ) beriudesindedhencoeceive Yeryes He

[ 0005] Wth decreases in the flying height of the magnetic head as
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contacts the disk™surfac al i nmpact and/ | uct uati .
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| ayer agai nst being sc¢ratched when the magnetic head collides with the
per pendineagBetigafpranding etyst@mdsdihs stitaledfemiperasingyvthe dgsording
formed of a carbon over coat (COC) i.e. a coat with high hardness by carbon
coat. | memity.medi um protective |ayer coexist hard di anond-1|i 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 (TPIl: 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 (Chem cal Vapour
Deposition) nethod (for exanple, Patent Docunent 2). [0006] Further, to
protect the nedium protective |layer and the magnetic head when the nmagnetic
head collides, a lubrication layer is fdrmed on the nedium protective

| ayer. For exanple the lubrication layer is fornmed by applying
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| ayer and lubrication |ayer are required on the magnetic recordr ng lf\l.lg
and wi t [Hiamoenrddike | hondinrg r duotective ddéayer yis t maerufactyredndnd @Bor G t her
narrow ng the spacing (gap) between the magnetic head and the nmagnetic

recor di (CHemesal Vo ur D&pudition) méttod ¢fdreexa mples PeargntDorurment ¢)ng
medi a, there are nmany cases that a soft magnetic layer is forned so as to
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particularly, l|ayers L )
medium protective layer. For example, the lubrication Iayer 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, etc. (0009] The present invention was
made in view of the above-nentioned prdoblem occurring when the nedi um
protective layer is fornmed, and it is an object of the invention to provide
a perpeg%%sg%gf gagnetic_recording ~medi um provided with a nedium protective
| ayer wi | }%vénents in durability such as wear resistance, inpact

resista . while maintaini the high coercive force. MEANS FOR
SOLVI NG%&@E&?&NEN@[’OW'DGP E?ﬁqr}g'"% [P O LRfDIEE E%)‘ﬁ'i h&Mphobhieed ysing
i nventors of the invention earnestly made studies, and thought that when it
i s possitheecanventio nab Cydi metho dtasc dieseribegein RPatdot Documiends rie dingdr,
protective layer formed by the conventional nethod, durability can be

mai nt ai rRRGaVIRty iof thei Medihh@rovskitive praferctdatericrites d6ch @Rt hodapf
formng a nedium protective |layer harder than the conventional nedi um

protecti.ye; . t ' ongidered of increasing the bias voltage to
t he subsr%"rgcli tgﬁlﬁ%,ﬁrﬁga%gg%é?ﬁggj IéF%‘Oll] However, in the CVD nethod, when

is increased there is,a probl emﬁ

(o) dedplel e, Wresehughvention as aradenduving shahreaPareamansianed °°

| ayer isbrl;gqtgﬁdoggu?ring 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 |ayer with high energy. Therefore, although
the hard medi um protective layer is fornmed, the decrease is considered due
to partial destruction in the continuows |ayer that is formed imediately
bel ow t he nmedi um protective layer to inprove wite characteristics of the

magnet i ' . ], AT henl t | NV b ound
out ¢ ha© { A B meB Rty prtsbile e by e R Mela, SFdN BRHERS fe
hi gh bias voltage to th ubstrate Wnerlthe coercjye force ( of the
recor di e DEERSC! VoMt RS CATURHRE laYST HNRIETY SR&T8Y- conbPERIER, of

t he invention. L0013] In other words, to solve the problem a typical

conf i guedthaughoithe heedperedicum aprategtivei tayerds dfargnedditbe decoedsagis o t he
I nvention is characterized by having, on a substrate, a soft magnetic

layer, gomagdetdd duecleopdrtigl degructiancionttie donsinluayey |argndiatasl foymed
continuous in the in-plane direction of the substrate, a blocking |ayer for
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| ayer containing carbon fornme cking la

configuration prgvided with the blocki | ayer between the continuous |ayer
ond t he cReRaIAUALE! 10 MabBRte REasRha T aver b ocks Shock occurr i ng
in forning t he medi um protective |ayer, and the probability remarkably
reduces [@042] fThaisc ottie Hovestersy @f Hie deveptionsfaund ogantyd. the covedivgi y, it

i s made possible to forma hard nmedi um
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
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 nmedium
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 or sputtering nethod, it is possible
to formthe denser nmedium protective Ileéayer containing carbon with higher
har dness, and the nedium protective |ayer can be thinned. [0017] Moreover,
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protective |ayer, even when the nmediumprotective layer is fornmed while
appl yi ngputtering hmietbed v dt tisgpo ssibi@ctos dbemnr the, dehser bhedkimg pratemtive ocks
shock, the continuous |ayer does thereby not sustain damage directly, it is

nmade possydr @oh@an‘rmﬁ@darmdmawmm%wer Partifessyand aiemedndmt peotaxsdivem
protective | ayer can be thinned. [0018] Further, the blocking [ayer may be

formed @f &EQHW'?ﬁHnCed material. By this neans, magnetic effects are not
| nposed o¥1 the continuous |ayer imediately bel ow the bl ocking | ayer and
and there is no ris reasi ng noj se
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I's possible to reliably block shock inposed to the continuous |ayer

occurri tlyei medivm mote@imdamm.pr&m%iwmew@; itués mpssibleetp form the
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 o‘f 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
neans, 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
bel ow t he bl ocking layer. Further, since C has high hardness, it is

possi bl reld - Prot.e he conti nuous | ayer when the thin bl ocking
.%e?(?w ﬁ# éghppﬁg&% l%&,eHCr I's bound to C (carbon) constituting the

| ayer i s Tornmed. r o
medi um Lve layer in formng the nmediymprotective_ |ayer on the
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t he bl ocking | ayer and the nedium protective |layer. Since chrom um carbi de
has hi gi®mhis dveswsaghetjcerandhrtbieesrearddes notpbavedthes magnetidi effept airecti ve
| ayer. [0022] Further, the nedium protective |ayer nay contain dianond-|ike

carbon. thé lbyetrd®edbw hesbiddi@ngdapeyi durther, KiRee OrHashRyPheedhess, | ayer
Wi th durability. [0023] Furthernore, the continuous |ayer may contain a
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perpendlc%l#s?irtuting 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 medi um
protective |ayer containing carbon in this order, and is characterized by
including the steps of formng , on the continuous |ayer, a blocking | ayer 8
for bl ocking shock that the continuous 8 ayer undergoes, and of forming the
medi um protective |ayer on the bl ocki ng layer. [0025] Structural elenents
and des f f,%m}l | 0 | ar
magnet i gbt@tcl:bagﬁ g@ﬁ%&?l}ﬂ?ggﬁ@' escr L(jjé OVEGQ?gFQ@é?I %gglh(gf %{nﬁﬁ@d@hod
of manufacturin Fﬂ'i gq 8end| C a[) netic recordl ng nmedi um Advant ageous
Ef f ect @eg'rjr’énl N ?‘lﬂ% f 858]" b‘f‘ﬁ@ﬂd@é’& magneti ¢ recordi ng nmedi um
according to the invention is capable of havi ng a nmedi um protective |ayer
with idpP8obrsctural delemientsy angdh descriRtionesitbeseet, basesct onestha ance,
etc. while maintaining the high coercive force. BRI EF DESCRI PTI ON OF

DRAW NG$ethAReal Fti€éa bfi she dvexpendicalaxphaigneticordé@dingi onedfum nagneti c

recordi ng medi um according to an Exanple; FIG 2 is a graph illustrating the
rel ati ondidpitisy We68va liras appicane @@dtt?@eFrFétY\%df Yrembhufaddiridd> the is a
graph illustrating the relati onshl p between a film thickness and Coercive

force ""ber%ﬁﬂﬂ;l PaFhetiéMEQording 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 magnetic recording |ayer 24 Continuous
| ayer 26 Bl ocking | ayer 28 Medi um protective |ayer 30 Lubrication |ayer
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0029] (Exanple) Described bel ow
i's an Exanpl e qf erpendi cul ar magnetic recordi ng nmedi um according to the
i nvention. Fl é% 1698‘39?%‘%5%%{%' ' lain a configuration of the

per pendi cul ar magnetic recording nmediumof the Exanple, FIG 2 is a graph
il lustrating tlife rénder &aen p 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

rel ati onship 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 otherw se particularly nentioned. [0030]
The perpendi cul ar magnetic recording nediumas shown in FIG 1 1is conprised
of a disk substrate 1, adhesion |layer 12, first soft magnetic 10 |ayer 14a,

spacer '1?¥§F 1]4%31s§§88Pfi'ig§f t14rHag§§{:t%ﬁdl@(yfgrrpéég’ret%gynérﬁﬁi&? oHQH{a[tl%n layer

16, firs ackirig Tayer secon ackin ner ' promno

| ayer 20, first magneti.c cording | ayer, 22a, secopd netic recoyding

| ayer Zfﬁ,ntﬁ%lntqugag' If'a{?g af&'”%ﬁ@&ﬁ%(n{‘)a?'a?@fsoﬂg, Bﬁﬁgﬁ%gn?a}ﬁ?f)t@ai {)Berayer
28 and lubrication layer 30. In addition, the first soft nmagnetic |ayer
14a, sp@demotinerlayer 2hdfiseic orrgnetic nesprding lauger22aicsecondt magnetic sof t

magnetic |ayer 14. The first backing |layer 18a and second backing | ayer 18b

constit weeoadimacKangr! 22br déntinbeubi isyer ndilockingy dagieng 26ay aredidm and
second magnetic recording |layer 22b constitute a magnetic recording | ayer
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di sk by ‘direct pre d ass di sks e prepare
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chemcally reinforced glass disk. [0032] Using a deposition apparatus under
vacuum GORSiuts myssidr magnetis layera1éc nhBRefireh baskingr |aye mddfand
deposition was perforned
second backing layer 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 I 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 deposition nethod. A configuration and

manuf acturi ng nmet hod of each | ayer w ll11be described bel ow. [0033] The
adhesion layer 12 was forned using a Ti alloy target so that the |layer 12

is a Ti 0 t n

possi bl e?%o nsn?n()%g 'tﬂ hé%.%ﬁ%?ﬁsﬁ‘g”ﬁ §tk\'?§€@§p%a9!eﬁ{%¥%%r%%ft %régnet I C
| ayer nd it i.s thereby possible to prevent the soft netic |ayer 14
from pee‘?ci’fzg”lﬁg‘ne the 13YRA ift Anq it isndh gm&%sw@% to 1@9“%& 5&
Cr-Ti alloys can be used. [0034] By providing the nonnagnetic spacer |ayer
14b bet weagnetic tayest 14sfoom pegtieg offl ayAs d4nateriak twothe suthesiagnieer

| ayer 14c, the soft magnetic |layer 14 is configured to has AFC

(Ant | fer‘er fmg@ye@m(m@xcjiangguoygmln b8)usdyy. this neans, it is possible to
align the rragnetlzatlon direction of the soft magnetic |ayer 14 along the

mag”e“ ! n é%&ﬁm& ‘ihéCth?n ! ﬁ%‘cﬁ?g&r’y’|4Bebgwgleﬁukﬁé first .

conpone ization ectlo are eby an extrenel
it is thus ossihle to reduce n |se ocgurring fro th soft g etic ayer
14, Nor SO pAG éﬁl'?yefhgklﬁo?rﬁ SPEFORS 5P meagnelic Taver ddmethe $alier

14a and second soft magnetic | ayer 14c were CoFeTaZr, and t he co osition
of the MBab&tiq lnar Mbs\mnfmumdntné?ﬁsjpﬁFC[(d’oﬂﬁ‘prnorénegnehpaexemaeem r ol

| ayer 16 has the function of protecting the
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 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, C, M and Wmay be used. For exanple,
It is possible to suitably select NW IQuWand CuCr. [0036] The backi ng

| ayer 18 is an hcp structure, and enables crystals of the hcp structure of

the magnfﬁt'rﬁgh‘érortﬂ'en%rt?ﬂt%”uo# 6fotﬁéOW1 nﬁ%gr é’iﬁflngsﬁég&t%ﬁan be

Accor di ng the cr orientatron o I'ng

hi gher, the orientagtion of the netic record | ayer 22 can roved.
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select from RuCr and RuCo. Ru takes the hcp structure and enables the
magnet i cPPE&IgitagselggdfremnRuGr agdduEs.a My takestbedmp steudiurer aast ed
excellently. [0037] In this Exanple, the backing |ayer 18 has a two-I| ayer

st ruct ur enabbeke tihé riRagnleticl recomigng Hayeecomdabringi 0g dsyeEemdiBbcompdrentpper
| ayer side, the gas pressure of Ar was made higher than in formng the

first bﬁ-pblen(g”bﬁy@d ex@eliemtfiyre | ower layer side. Since the free mgration

| engths of plasna 1ons to be’“sputtered are decreased as the gas pressure is

E%iﬁ?iﬁfoop%ﬂut‘?ﬂ S ApIE T PRERIFE 38 e 1Y S, SCMId Tyl SRUEILRY, cos

becones sma|l. Since the size of the crystal lattice of Ru is greater than
t hat of m?éjQ:l%f/ﬁ‘ét I|Htft°i"EH“Gfﬂﬁ)seﬁﬁ@ddé%fﬁ@&getw&'y%@taloﬂ theiuppentayer

approaches the size of the crystal lattice of Co, and it is possible to
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 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 function is thereby provided of
separating the magnetic granul ar |ayer f3omthe stage (rising) of the
initial growh. The conposition of the finer pronoting |ayer 20 was

manet | cOQASERS: e MEsERMISI Gy FREGRAIRIa R RRT the A8 “EHaRY P Eelsd
magnetic _rec rgi ng |layer, 22b with a_thi cé fi|mthickness. 13, [00404 Als t he
first nagﬁefpﬁr ddoefin @ dyBM 29as {ernedpusingta hakd Jepagneticomateria

CoCrPt-Cr203 of 2 nmwas formed using a hard magnetic material target nade
of CoCr ptargettraadenef CoGnRtccontiairingCchaBniaoxide {CmPl¢ ast annexasgpietofc
mat eri als. The nonnagnetic nmaterial was segregated around the nmagnetic

mat eri al nbAniagmetide ngat@irmalBouUndBhy, nvHmbbAetichgnatéGabr waks $édrrhtad
pill ar-shaped granul ar structure. The nagnetic grains devel oped epitaxi al
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| ayer. | the second magnetic recor . hcp crystal
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nonmagnetic materials. Also in the second magnetic recording |ayer 22b,
magnet i cotRiasdeyelopad epifaxiall growth gentintoustpirgmibesgranties stpucturei ng
gas pressure for the first nagnetic recording
of the finer promoting layer.
[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 possible to obtain high inpact resistance.
[0043] In this Exanple, different materidls (targets) were used for the
first magnetic recording | ayer 22a and second magnhetic recording |ayer 22b,

but the i(@Y@QLi %r@wi@ﬁ] dgé%;sgraa?eeBQId@&d Itl,@;\iﬁgréi‘ﬁbn}ngggq@ (TiOy),

conposi tironsS”0r sa e used."Imad

nonnagnetic naterials to rma nonnmagnetic area a sil.icon oxides 14

(Si Ox), &HORTUM é@&'?ec@#rg?ﬁ)@'ﬂit%@q?m @ﬁﬁ!%'ﬁtea(fmwi de (Ti @),

zi rconi um di oxi de (Zr2) and tantal um pentoxi de (Ta205). [0044] As the
cont i nuoe0#dy&s the continnotis| kayeau24) iaathin idor (auxyiliaay ergcoridinig clatyieny
hi gh saturation magneti zati on Ms and perpendi cul ar nagnetic ani sotropy was

formed onnditatii@mighr sangationc mayeetizationnMs rHd perpehdicoiap! mhdaeatia!l ar
Conti nuous) structure. By this nmeans, in addition to high-density recording

property a"i‘ﬁgoirBWg”W f8Fmielde o9 ffﬂg! gfﬁnﬂjl%fgfnca%etiié Iﬁgﬁ? #H te‘qhér%tﬁ.‘i@t high

heat resistance of the continuous ositi o] e conti nuous
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suppressing reductions in He occurring in formng the medi um protective
| ayer 28 agishitionbled high-«lensity ngcardivo peepedy andtlevs noisedfethe rgramuaki ng
| ayer 26 was fornmed
layer, it is 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 possible to reliably protect the
continuous | ayer 24 when the thin blockbng |ayer is forned. Furthernore, Cr
is bound to C (carbon) constituting the medium protective |ayer 28 in

| ayer 36 PIae i B, R8Cc, EHRLeR Sincl A B PE I st file, AP AR B

bl ocki ng | ayer . 26 _and the pedi um protective |ayer 28. Singe chrom.um .
car bi do KA ETIARYH bk, 80cKiapasERop Bries CoMOLS, vt be t SHET HGYIm 15
protective |ayer 28. Further, since C or CTi is anorphous, it is possible

to reliafoymindckhehoviedinpvsdqrtotective dayernuddis usipgr 24 ©34ar rineghod.
formng the nmedium protective |layer 28 using a CVD nethod. Furthernore,

since O Awtherroeasi émcet Cs possnekpensiveduite israpwisitbley | i@ Crsiuce
[0047] The nedium protective |ayer 28 was fornmed by depositing carbon by a
CVD net hfilﬁ’a%fé(]:thpﬁl ve§gym kept, and formed while containing dianond-Iike
carbon. The nedium protective layer 28 is a protective |ayer to protect the

per pendi netic. recording layer fromshock of, .a magnetic head. In
b S BeallPA7) T8 Rl ety doVayes € HERID s & ARpositing SRR
met hod, but is not limted thereto, and nay be deposited using a sputtering
met hod. Byr Bn&rVDwimethask withi 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 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, He abruptly decreases when the bias
voltage is increased. Meanwhile, in thelicase that the blocking layer 26 is
provi ded, increases in the bias voltage hardly affect Hc. [0049]

Accor di nBbroigKClrtBIMN S TP ThEARKR FrotEeti ol 9y 8P g bERihedsi ng 2 OV

met hod pplying las Vvo sInce [ayer 26

bl ocks s opability re decrease Ihat t he onti nu
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hard nmedi um protective |ayer 28 while nalntalnln t he high 16 coercive

force (HBYeradfl ameé Heds desnrdved wite nefgeenceato halG. h3nne%|s sHawsdn FEGei n,

the relationship between a filmthickness of the blocking |ayer 26 and He

i's descrBbaevhantthe eleckingeldyerF26. is3forhsed hfWGriTiy &6 Ghe Silmwhisickhless is
bl ocking layer 26 is formed of CrTi, as the filmthickness is increased, He
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0.25 nm and He i's kept al nost constant when the | mthickness 1s further
i e dedig okt i o 28 Rk At Sk ﬁ%&ﬁ%%ﬁnc@%a%%%%ﬁ L
when ¢ nefl HHiEkERRSSUheLineaasath: e Maawhjlsosyhensis. Sio 78w, Y6t ne.
bl ocking layer 26, it is possible to maintain He
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 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 mefhod 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 layer 26 is providedl7Further, since the medi um
protective |ayer 28 can be nade hard, it is possible to thin the nmedium

Chor condiparReh i IS rRcR a6 "Hheo @%éaﬁﬁ e Ry T, SR e VERENY i

Iayer 22. eIubrlc ti | ayer was forme adp thod
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| ayer 30 was about 1 nm [0053] In the foregoing, the preferable exarrpl e of
t he i nvdheian dan arrivdeaicvatieds windngas andnmediticationapaithimthersmoipegef but
the invention is certainly not limted to the Exanple. It is obvious that a

person sfaithedof Nnthé heynvairiticn ad | iteisit uMdersteddcthrgesh@ndhemgielsi crid ons
within the scope of clains of the invention, and it is understood that the

changes rﬁ{;gl\péq}l caébf)%tklt"q&%%gf]o@h rﬁcéhgcéﬁgw G Img%l Rf the invention.

I ndustria i e rnvention is applic e as a
perpendlc ma ic. .t ordlng mediuminstalled in a perpendicul ar
magnet i d ifr'%l'& E(y‘éPH HDD (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 containing carbon fornmed on the ;
bl ocking layer. [2] The perpendi cul ar neg§netic recordi ng nmedi um according to
claiml1l, wherein the mediumprotective layer is formed using a CVD
(Chenicab AMpaur Deposition) nethod 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,
wherein the blocking layer is formed of a nonmagnetic material. [5] The

per pendi EUl ar Angrespiendiedlardimagneticuregotding nyedoiur omprising, walr @ n
the bl ocking | ayer is anorphous. [6] The perpendi cul ar magnetic recording
medi um agqbsthatg: to claim 1, wherein the blocking layer is formed of an

el ement contained in the continuous |ayer.

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 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 nedium according to claim1, wherein the continuous

| ayer contains a Co-Cr alloy. [10] A mgtdhod of manufacturing a perpendicul ar
magneti c recording nedium having, on a substrate, a soft magnetic |layer, a

magnetic recording. | gyer .continuqus |ayer magnetically continuous in the
in-plane dire¥ Pag"bﬁ*%ﬁ%O@HBSHPJFéJSéHHO PRRUSum protective | ayer
containing carbon in this order, conprising: formng, on the continuous

| ayer, a bl ocking layer for blocking shock that the continuous | ayer

undergoes; and form ng the nmedium protective |ayer on the bl ocking | ayer.
[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-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.



