Per pendi cul ar magnetic recording nediumand a nethod for nmanufacturing sanme
Technical field of the invention 5 The present invention relates to a

per pendi cul ar magnetic recording nmedium and a nethod for manufacturing the
sanme, in particular, to a perpendicular magnetic recordi ng medi umt hat

exhi bits high recording density and excellent read-wite characteristics, and
a nethod for nugg %rin such. a na%agéic 0 recording i ym Background of

ct

the inventi on SERPRENAIAL DELLC ERGP g mediyyrand a ars are
provided with a npugnetic recording device having | arge capacity and 15 a
smal | size. CRARWIACtHIERGSBMMRI, hi gher recording density is needed by the
magneti c di sks. Magnetic recording systens practically used at present enpl oy
an in-plane or |ongitudinal magnetic recording system in which the 20 axis of
easy magnetization is parallel to the plane of the magnetic recording nedium
Enhancenent ofecluicadfredd ddrdiet inventions | ongi t udi nal magnetic recording
system needs reduction of a product of remanent nmagnetization Br and
t hi cknessbt of t'hhermmsentdnfehbicf rekates tocopdirpgndiilammagneticl as i ncrease
in coercive force Hc. 1 Accordingly, efforts are being made to reduce the film
t hi ckness angecealihganhediengaaidna shethed fohenamgfigitueinig bhe same, in

particular, to a perpendicular magnetic recording medium that

exhibits high recording density and excellent read-write

characteristics, and a method for manufacturing such a magnetic

10 recording medium.

Background of the invention
Personal computers and work stations in recent years are
provided with a magnetic recording device having large capacity and
15 asmall size. On this background, higher recording density is needed

by the magnetic disks.

Magnetic recording systems practically used at present employ
an in-plane or longitudinal magnetic recording system, in which the
20 axis of easy magnetization is parallel to the plane of the magnetic
recording medium. Enhancement of recording density in this
longitudinal magnetic recording system needs reduction of a product
of remanent magnetization Br and thickness t of the magnetic film of

the recording medium, as well as increase in coercive force He.



However, the |ongitudinal magnetic recording systeminvolves a 5 problem of
decrease in readback signal output due to decrease of residual magnetic fl ux
density caused by enhancenent of denmgnetizing field which results from
shortened length of a bit. In addition, a problemof thermal fluctuation
becones significant with mnimzation of grain size and reduction of

t hi ckness of the gnetic, 10 film ,In these cirgcunstances, there is a

per cepti on t Wecosdmaly, giforks grebeimggnagle;to lf%ﬁmﬂ the fl‘}annthxq(fqmss anfl ¢ he
magneti c di sks based on the |ongitudinal magnetic recording system On the
ot her hand, renbraldhe graim sigetdfdde pragneisiedm to 15 i nprove areal
recording density, studies are being nade on a perpendicul ar nmagnetic

recordi ng system A nagnetic recording nedium based on the perpendicul ar
magneti c recording systemis designed so that the axis of easy magneti zation

of the magneti c Hidwever,ithet longetydindil anbamnleyid redordisglsystancswives a.
Accordingly, 20 adjacent magnetization in a transition region of nagnetization

does not5oppesblaadf dédieasednd reydbaskaignhl bukpagdueptedecmessesdfabl e
magneti zati on and magnetic flux does not decrease, thus the perpendicular

magneti c receegidithlsmsiggivticlarrdemsitplcaudsedaby edizaidesnégeof di ng method for a
hi gh density magnetic recording 2 nmedium The perpendi cul ar magnetic recording

gﬁgi ;ng despideen AFRe6iziRs fRN 3R FEyty oM SheAYRA RItR of'a Bit."Bdi @ noi se
addition, a problem of thermal fluctuation becomes significant with
minimization of grain size and reduction of thickness of the magnetic
10 film. In these circumstances, there is a perception that achieving

higher density is technically difficult in the magnetic disks based on

the longitudinal magnetic recording system.

On the other hand, in order to solve these problems and to

15 improve areal recording density, studies are being made on a
perpendicular magnetic recording system. A magnetic recording
medium based on the perpendicular magnetic recording system is
designed so that the axis of easy magnetization of the magnetic film
orients perpendicularly to the substrate surface. Accordingly,

20 adjacent magnetization in a transition region of magnetization does
not oppose each other, and even short bit length preserves stable
magnetization and magnetic flux does not decrease, thus the
perpendicular magnetic recording system is appropriate to a

magnetic recording method for a high density magnetic recording



5 relatively large magnetic interaction between magnetic particles in the
magnetic | ayer, which is caused by insufficient segregation of nonmagnetic
substance to the grain boundary region. Therefore, it is required to devel op
a material control technique for pronoting the grain boundary segregation of
nonmagneti ¢ substance, in order to 10 reduce nedi a noi se and enhance SN rati o.
H gh recording density has to be achi eved acconpanying the reduction of

noi ses and WMHEM of the SN ratio. A structure of a known perpendicul ar
magneti c recording 15 nmedium conprises a soft magnetic backing | ayer forned
on a nonmagnetic substrate of alum num or glass, an underlayer for

perpendi cul ar orientation of a magnetic |ayer forned on the soft nagnetic
backi ng | ayer, alpermpapdindicalamampenétic recardinggmieayam,odespibe thaser | ayer ,
and a protective layer fornmed thereon. Such a 20 mediumis called "a double

| ayer per pendidvaindagesgnsitdlves ecdistidvanteordi ofriiigh Beealiaf woisexdupte, Japanese
Unexam ned Patent Application Publication No. 2002-203306.) Studies have been

nmade on Her m@mjieelwalmg@gn@tgixmticeﬁwedheﬁohaly@trwéemImd%?gmqsmmwdhar
magneti zation filnms of cobalt- base alloys such as Co-Cr, Co-Cr-Ta, 3 and

Co- Cr- Pt, nulthelmyghetic RFferatvifichRier RaNadCHY Qﬁsﬁﬁﬁlﬁ;@hitzs@tgir@?atibﬂ o such as
Pt/ Co and Pd/ Co, and anor phous perpendi cul ar” magnetization filns such as

Tb-Co and Tbyfei t ' ] i nek gul ar
Lpt i 0%1'6]: iﬁgnﬁ]ﬁg{%&@%ﬂce t3ethd¥l-din BYGhAdryaPgich! ThePefotenit f
required to develop a material control technique for promoting the
grain boundary segregation of nonmagnetic substance, in order to
10 reduce media noise and enhance SN ratio. High recording density

has to be achieved accompanying the reduction of noises and

improvement of the SN ratio.

A structure of a known perpendicular magnetic recording

15 medium comprises a soft magnetic backing layer formed on a
nonmagnetic substrate of aluminum or glass, an underlayer for
perpendicular orientation of a magnetic layer formed on the soft
magnetic backing layer, a perpendicular magnetic recording layer on
the underlayer, and a protective layer formed thereon. Such a

20 medium is called “a double layer perpendicular magnetic recording
medium”. (See, for example, Japanese Unexamined Patent
Application Publication No. 2002-203306.) Studies have been made
on perpendicular magnetic recording layer including perpendicular

magnetization films of cobalt- base alloys such as Co-Cr, Co-Cr-Ta,



5 Pt/ Co and Pd/ Co exhibit |arge perpendicul ar magnetic ani sotropy, high
thermal stability, large coercive force, and ease to achieve a squareness
ratio approxinmately 1.0. Therefore, this type of perpendicular magneti zation
filmis being studied extensively in an attenpt to approach to a high
recording density nediumin the next 10 generation. (See, for exanple,
Japanese Unexam ned Patent Application Publication Nos. 2002-025032 and
2001- 155329. ar@ OoF €rsPt, andtisayered Inmihationveetpeardi€hbar athgriétizatibnnedi a
noi se in a perpendi cul ar magnetic 15 recordi ng nmedi um havi ng known nultil ayer

structure is filneswueh,as BoiCsandsPddior ynd eimoaphousperpeddedular of nedi a
noi se and further inprovenent in read-wite characteristics are required. The

present invembagnetizatheefilmdaidiiayiByQd anld 'Fpr@*@@”AIﬁQngft%e@ﬂ thg ect  of

the present invention is to reduce media noise and to provide a per pendi cul ar

nmagnetic rec Qﬁdltfimy‘éi@dtl@xﬂﬁ{ét(ibﬁﬁ&p'é'rﬂicuIa@@ﬂf@gﬂali’ﬁiéhtﬁfln@é‘Q‘nﬁ%ﬁihge nt
read-wite characteéeristics, and also'to provide a nethod for manufactdtring

such a negi Uf.[’t/@o'\ﬁ?d'?&/@os&l’ﬁ%lf Pﬁ%’(g@fﬁﬁn&@ﬂéﬂ% ﬁeﬁ%%ﬁ‘éﬁ?ﬁiﬁgabovi

obj ectives, the present |nvent| on ature neans as

per pendi cul apigRANEI ol SEANYY M BRURAGE RERINAr{ oA P PLERTIVE bvent i on

conpri ses a ayer am na Ion Structure
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and a
perpendicular magnetization film is being studied extensively in an

attempt to approach to a high recording density medium in the next
10 generation. (See, for example, Japanese Unexamined Patent

Application Publication Nos. 2002-025032 and 2001-155329.)

Problems to be solved by the invention
The reduction of media noise in a perpendicular magnetic
15 recording medium having known multilayer structure is, however,
not satisfactory yet, and more reduction of media noise and further

improvement in read-write characteristics are required.

The present invention has been made in view of this problem,
20 and an object of the present invention is to reduce media noise and to
provide a perpendicular magnetic recording medium performing high
recording density and excellent read-write characteristics, and also to

provide a method for manufacturing such a medium.



noble metal layer of a platinumor palladiumlayer repetitively, at |east one
type of layers of the cobalt |ayers and the platinumor palladiumlayers
containing at | east one el enent selected fromthe 10 group consisting of Ru,
Ta, No, Mo, M, Cr, Si, and Ni, or at |east one oxide. The at |east one

el ement or one oxide is contained preferably in an anmount in a range from1
to 15 at% 15 Advantageously, the mainly-cobalt |ayer contains silicon oxide
in an armunMé¢awnsnts sotvel thenpiroblemd t he nobl e netal |ayer is conposed of

pl ati num and contains silicon oxide in an anmount from1l to 8 nol% 20
Preferably, the Imontlgr tolbahievayhe abasreaobjeictivessthe prasenhgavehtiom 0.2 to
0.8 nmand the noble netal |ayer has a thickness in the range fromO0.05 to
1.2 nm A magakés the deatuieth nesihs asdotlomd. ng. perpdradicolenimagnétic

advant ageously further conprises an underl ayer between the nagnetic |ayer and
the substrat gecdrtinpagiedium hay®idibel toothe presentinwnitivn ok peisesder | ayer. 5
Advant ageousl y, the underlayer is substantially conposed of a platinumfilm

a pal | adigm iﬁé@hetﬁ@tlﬁz@i' Wavihb™@ niltdaRle2bd 1HMiddioP 8t hadhd dafhhadd on
film A thickness of the underlayer is preferably in a range from1l to 10 20
nm by alternately laminating a mainly-cobalt layer of a cobalt layer and a

noble metal layer of a platinum or palladium layer repetitively, at

least one type of layers of the cobalt layers and the platinum or

palladium layers containing at least one element selected from the

10 group consisting of Ru, Ta, Nb, Mo, Mn, Cr, Si, and Ni, or at least one

oxide.

The at least one element or one oxide is contained preferably in

an amount in a range from 1 to 15 at%.

15
Advantageously, the mainly-cobalt layer contains silicon oxide in
an amount from 5 to 11 mol%, and the noble metal layer is composed
of platinum and contains silicon oxide in an amount from 1 to 8 mol%.
20 Preferably, the mainly-cobalt layer has a thickness in a range

from 0.2 to 0.8 nm and the noble metal layer has a thickness in the

range from 0.05 to 1.2 nm.

A magnetic recording medium according to the invention



Advant ageously, a perpendi cul ar magnetic recordi ng nedium according to the

i nvention further conprises an orientation control |ayer between the
substrate and the underlayer for controlling 15 crystalline orientation of the
under| ayer. The orientation control |ayer is preferably conposed of a

| am nation of a first seed |layer and a second seed | ayer, and a conposition
of the second seed layer is selected so as to orient the 20 underlayer in a
c-crystal axadvantegedusly Sedherppmpriseprast analerlayenbetweentthe t ant al um

| ayer, and the second seed | ayer is preferably conposed of a | ayer sel ected
from a N FeCmagyetic laysi Bendbthe aybstrated theNnBgBieticalagrer eiagtformiekss of the
first seed layer is preferably in a range froml to 10 nm and a thickness of
t he second sdérbdthyen the nnekeelsydryy in a range from5 to 20 nm

Advant ageously, a perpendi cul ar nmagnetic recordi ng nmedium according to the
invention further conprises a soft magnetic backing |ayer between the
substrate and the first seed |layer. The soft magnetic backing |ayer is

preferably conpom@aﬁtagggﬁs@%hubuﬁaé% or&" i8 sebdtaatrlllP¥ohpused of 4 hi ckness

in arange from50 to nm A met hod manuf act uri ng a perpendi cul ar

magnet i ¢ rec?ﬂﬂiﬂ%mfiﬁ‘i’ﬁuw EARIAFIER, FAEhPAREAHIh UL pRRISAAPANIES & step

of 15 depositing, on a nonmagnetic substrate, a magnetic layer having a
palladium lamination film.
A thickness of the underlayer is preferably in a range from 1 to
10 20 nm.

Advantageously, a perpendicular magnetic recording medium
according to the invention further comprises an orientation control
layer between the substrate and the underlayer for controlling

15 crystalline orientation of the underlayer.

The orientation control layer is preferably composed of a
lamination of a first seed layer and a second seed layer, and a
composition of the second seed layer is selected so as to orient the

20 underlayer in a c-crystal axis.

The first seed layer is preferably composed of a tantalum layer,
and the second seed layer is preferably composed of a layer selected

from a NiFeCr layer, a NiFeNDbB layer, and a NiFeSi layer.



mul tilayered | am nation structure by alternately lam nating a nainly-cobalt

| ayer of a cobalt |ayer and a noble netal |ayer of a platinumor palladium

| ayer repetitively, by nmeans of a sputtering nethod using a target containing
at | east one el enent selected from 20 the group consisting of Ru, Ta, Nb, M,
M, C, Si, and Ni, or at least one oxide, in an anount in a range from1l to
15 at% Preferably the nethqd for manufacturing a perpendi cul ar pagnetic
recor di ng nmedi urdcidigkness Ogﬁbesﬁ@& ssre d kagea ltsiwfgh%bl'y mgrmmae froped | s
conducted using a sputtering gas containing oxygen in a range fromO0.05 to
0.5 %in a réogtﬂ ne,mend o tlogkngss of whef secomd,seed lagehisopreferahhuimet uri ng a
per pendi cul ar 5 nmagnetic recordi ng nmedium further conprises a step of

deposi ti ng amangedeomdPdo 20@mosed of a filmselected froma platinumfilm a
palladiumfilm rutheniumfilm or a platinumand palladium |am nation film
on the substrate before the step of depositing the nmagnetic |ayer, by neans
of a sputtering nethod. 10 The step of depositing the underlayer and the step

of deposibing tAdvamgagetbaslygyepespendividuetradgneticafezbrdins ni@diaursput t eri ng
gas selected fromkrypton, xenon, a m xed gas of krypton and argon, and a

m xed gas of agxesrlingth & MveAbofdfiathegeeunsprised a1Bsfa abaetitabadlaalgur i ng a

per pendi cul ar
layer between the substrate and the first seed layer.

The soft magnetic backing layer is preferably composed of a
10 CoZrND alloy or a CoZrTa alloy having a thickness in a range from 50
to 400 nm.

A method for manufacturing a perpendicular magnetic recording
medium according to the present invention comprises a step of
15 depositing, on a nonmagnetic substrate, a magnetic layer having a
multilayered lamination structure by alternately laminating a
mainly-cobalt layer of a cobalt layer and a noble metal layer of a
platinum or palladium layer repetitively, by means of a sputtering
method using a target containing at least one element selected from
20 the group consisting of Ru, Ta, Nb, Mo, Mn, Cr, Si, and Ni, or at least

one oxide, in an amount in a range from 1 to 15 at%.

Preferably the method for manufacturing a perpendicular

‘magnetic recording medium comprises the step of depositing the



magneti c recordi ng medi umaccording to the invention further conprising a
step of adsorption of oxygen on the underlayer surface after the step of
depositing the underl ayer and before the step of 20 depositing the nagnetic
| ayer, the step of adsorption including a process of exposing a surface of
t he underlayer to argon gas containing 1 to 10 % of oxygen in relative nass
flowrate under a pressure of 0.1 tolO Pa for 1 to 20 seconds. 8 Bri ef
descri pti on otagneficdgyerisgconducted usangs sputhbeaipg gasfcosrtalning exygea

per pendi cul ar rmagnetic recording nedi um according to the present invention.
Fig. 2 showsinel zange frdmt WOéntqpOd Y imal eelativenindsseflewarate5 coercive force
inanmltilayered lamnation filmconsisting of pure cobalt |ayers and pure
plati num |l ayers formed using a sputtering gas of argon, krypton, or xenon.
Fig. 3 illustrates the dependence of the gradient in a nmagnetization curve

around the poi ntPeéfdrabdy thBempthbd formanafacti@ihficiossendicudarul til ayered
| am nation filmconsisting of pure cobalt |ayers and pure platinumlayers

formed ushng ndasietit GechBd G5 ntfdiveh FAPthds ¥OPrised a&‘%@? bf dedybsitinigl Anst rates
t he dependence of coercive force He on pressure of sputtering gas for a

mul til ayer ed 781 d:080inP dBe 8B4 ?ﬂh?ge@ctgélrf?o?flé r}ﬂﬁ'@fﬂﬁml MRl g and pure

pl ati num |l ayers forned using a sputtering gas of argon, krypton, or xenon.
palladium film, ruthenium film, or a platinum and palladium
lamination film, on the substrate before the step of depositing the

magnetic layer, by means of a sputtering method.

10
The step of depositing the underlayer and the step of depositing
the magnetic layer are conducted preferably using a sputtering gas
selected from krypton, xenon, a mixed gas of krypton and argon, and
a mixed gas of xenon and argon.
15

Advantageously, a method for manufacturing a perpendicular
magnetic recording medium according to the invention further
comprising a step of adsorption of oxygen on the underlayer surface
after the step of depositing the underlayer and before the step of

20 depositing the magnetic layer, the step of adsorption including a
process of exposing a surface of the underlayer to argon gas
containing 1 to 10 % of oxygen in relative mass flow rate under a

pressure of 0.1 to10 Pa for 1 to 20 seconds.
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Fig. 3 illustrates the dependence of the gradient in a
magnetization curve around the point of Hc on the platinum layer
thickness of a multilayered lamination film consisting of pure cobalt
layers and pure platinum layers formed using a sputtering gas of
argon, krypton, or xenon.

Fig. 4 illustrates the dependence of coercive force Hc on pressure
of sputtering gas for a multilayered lamination film consisting of pure
cobalt layers and pure platinum layers formed using a sputtering gas
of argon, krypton, or xenon.

Fig. 5 illustrates the effect of addition of oxygen into the
sputtering gas for depositing the magnetic layer.

Fig. 6 illustrates read-write characteristics (specifically, SN
characteristics) of a perpendicular magnetic recording medium
having a magnetic layer of a multilayered lamination film consisting
of 95 at% Co - 5 at% Ni layers and platinum layers (CoNi/ Pt
medium), and of a perpendicular magnetic recording medium having

a magnetic layer of a multilayered lamination film consisting of [90

ef f ect
gnetic
t he



Fig. 10 illustrates readback signal output, which is a read-wite
characteristic, nmeasured on a conventional product and an invented product.
Fig. 11 illustrates the nedia noise, which is a read-wite 20 characteristic,
measured on a conventional product and an invented product. Fig. 12
illustrates the SNR which is a read-wite characteristic, neasured on a
conventional product and an invented product. Fig. 13 shows areal TEM i mages
i |l ustratingmols d9are Cof 51at% et 1@ mal%iSiOes] krydk i e duipdia tinofim
nonmagnetic grain boundary in the Co-Si Q2 |ayer constituting the magnetic

| ayer. Fig. ldyérd (GoNat 880y A Ptatediuaf). magnetic characteristics in relation

to variation of thickness of a platinumlayer. 5 Fig. 15 illustrates variation
of magnetic char Bgg eT iHukEateB read-airitech fraceirti @ (specificAkneSN of the
Ni FeNbB | ayer. Fig. 16 illustrates variation of nmagnetic characteristics in

relation 1o Vanrabtdistibs) oF & PeependicdaRdns3dietie téydiding Hedifm | | ustrates

the effect of the rutheniumunderlayer on 10 magnetic characteristics of a

magneti c 5ay?{?evq%1§@h§£ége{ic 'Tgyemdf G RNES ef@tﬂ%@ﬁhﬁf‘ioﬂ FUGE s ﬁk} 18

illustrates t ad-wTte characteristics asur on the perpen ar

roanet ¢ SO A R BRI PLAGHm e O e ™
medium), and of a perpendicular magnetic recording medium having
a magnetic layer of a multilayered lamination film consisting of [99.8
mol% (95 at% Co - 5 at% Ni) - 0.2 mol% Oq] layers and platinum
10 layers (CoRuO2/Pt medium).

Fig. 8 illustrates an effect of the crystal orientation control layer
included in a perpendicular magnetic recording medium according to
the present invention.

Fig. 9 illustrates the effect of oxygen adsorption on the surface of

15 the underlayer.

Fig. 10 illustrates readback signal output, which is a read-write
characteristic, measured on a conventional product and an invented
product.

Fig. 11 illustrates the media noise, which is a read-write

20 characteristic, measured on a conventional product and an invented
product.

Fig. 12 illustrates the SNR, which is a read-write characteristic,

measured on a conventional product and an invented product.

Fig. 13 shows areal TEM images illustrating the diameter of

10



15 invention and the perpendi cul ar nmagnetic recordi ng nedi um having a
magnetic layer of Co-Si@2 / Pd nmultilayered | amnation structure of Exanple 5
of the invention. Fig. 19 illustrates He of three types of a perpendicul ar
magnetic recording nedia in relation to thickness of a noble netal |ayer of
each 20 nmedium First of the three types of nedia conprises a nmagnetic |ayer
of a multilayered |am nation filmof 91 nmol% Co - 9 Ml % SIO2 / 95 ol % Pt -
5 mol % Si Oz magnelid nsfrtides andethe ypodshaif meninagnetpr geain baundgngtine | ayer
of a multilayered |amnation filmof 94 nol% Co - 6 nmol % SIQ2 / 95 nmol % Pt -
5 mol % Si 2. thaiCerSaOqtlager koastitypiorg the Magndtia layepri ses a nmagnetic | ayer

of a nultilayered lamnation film O 91 MOMCO- 9 MOMSIi02 / Pt. Fig. 20

illustrates rel aFiginl bellusaatebearation off mgigaditéncharacteridtécsmagneti zati on
curve around the Hc point and the thickness of 5 noble nmetal |ayer obtained

on t he threerélgtéon ¢6 waipgod sfldcknegsef iacplatnudi lgyeredi a descri bed above
in the caption of Fig. 19 Fig. 21 illustrates dependence of nagnetic

ani sotropy constRig, 1561195trtdteskResstieh doRlagiEidthhfy@eriRicinedi um
conprising a nmagnetic layer of a nultilayered amnation filmof 91 nol % Co -

9 10 MM Si O%erat%rtelv"@ﬁétion%fnmi%kﬁ}eeg oirrtﬁeai\mlf@Ngawwi sing a magnetic

| ayer of a nultilayered lamnation filmof 91 nol% -9 'MOM Si02 / Pt. Fig.
22 illustrates rppglic MubbratBEHrEIEBh AMmid¥h Rt Facteristics in

relation to variation of thickness of a palladium layer.
Fig. 17 illustrates the effect of the ruthenium underlayer on
10 magnetic characteristics of a magnetic layer of Co-SiO2/ Pd
multilayered lamination structure.

Fig. 18 illustrates the read-write characteristics measured on the
perpendicular magnetic recording medium having a magnetic layer of
Co-SiO2 / Pt multilayered lamination structure of Example 4 of the

15 1invention and the perpendicular magnetic recording medium having
a magnetic layer of Co-SiO:z / Pd multilayered lamination structure of
Example 5 of the invention. |
Fig. 19 illustrates Hc of three types of a perpendicular magnetic
recording media in relation to thickness of a noble metal layer of each
20 medium. First of the three types of media comprises a magnetic layer
of a multilayered lamination film of 91 mol% Co - 9 mol% SiO2 /95
mol% Pt - 5 mol % SiO2. Second of the three types of media comprises
a magnetic layer of a multilayered lamination film of 94 mol% Co - 6

mol% SiOz / 95 mol% Pt - 5 mol% SiOs. Third of the three types of

11



conprising a magnetic layer of a multilayered lamnation filmof Co- 15 Si02
/Pt containing 18 to 38 vol% O Si02 in the cobalt layer. Fig. 23 illustrates
the effect on the Hc value O S102 addition into the platinumlayer. Aspects
of enbodi ments of the present invention 20 Sone aspects of preferred

enbodi nent of the invention will be described in the following with reference
to acconpanying drawings. Fig. 1 illustrates a basic structure of an exanple
of a perpendiedisacompyines @ magoeticlgyeedifiomualtdayened dlaminatprefidm 12

i nvention. The medi um conpri ses a nonmagnetic substrate | nade of al um num or
gl ass, a sof of 9dgmet¥%c Coac®imgl% &Bi€)2 2Ptan orientation control |ayer (3 and
4), an underlayer 5, a perpendicularly oriented magnetic |ayer 6, and a

protective | ayerFrg. 2@nilhastedtésrélatiors bavweea. tie Yahass of feadieng wina
per pendi cul ar magnetic recordi ng medium according to the present invention

exists in a ghgnahphetBy@ion cigve adoundelsd Hepoltt ahé the thidkheks afer ed
| am nation film conposed by |amnating cobalt |ayers and platinum]|layers, at

| east onestyRpRHYE _Iﬁ@'tdl%%% dbtaihed ePPehd th?é’@'t?Pé’é‘Gf b@? ehaidulam | ayers
containing an oxide of & netal, for exanple, silicon. Besides, the magnetic

layer 6 havidiggAUeR 1RIcbiinY faddial AELERSHAD ABVUTCIRAYEIBIRORIglerh T or

reduci ng magnettc I nteracti et ween magnetic particles constituting the

magnetic layer 6pidhe) YNagEHA¥S depdriadiéd 6f Alghetic anisotropy constant

Ku on thickness of noble metal layer for a medium comprising a
magnetic layer of a multilayered lamination film of 91 mol% Co - 9
10 mol% SiO2/ 95 mol% Pt - 5 mol% SiO2 and a medium comprising a
magnetic layer of a multilayered lamination film of 91 mol% Co - 9
mol% SiO: / Pt.
Fig. 22 illustrates result of Hc measurement on the medium
comprising a magnetic layer of a multilayered lamination film of Co-
15  SiO2 /Pt containing 18 to 38 vol% of SiO2 in the cobalt layer.
Fig. 23 illustrates the effect on the Hc value of SiO2 addition into

the platinum layer.

Aspects of embodiments of the present invention
20 Some aspects of preferred embodiment of the invention will be

described in the following with reference to accompanying drawings.

Fig. 1 illustrates a basic structure of an example of a

perpendicular magnetic recording medium according to the present
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15 conposed of a platinumfilm a rutheniumfilm a palladiumfilm or a

pl ati num and pal |l adium |l am nation film A conposition of the oxide added to
the magnetic layer 6 is preferably a stoichionetric conposition. Wen the
additive oxide is a silicon oxide, for exanple, the oxide preferably has a
conpositionSi 02, while the silicon oxide 20 generally has a conposition Si Ox,
where 0 < x:~ 2. The soft rmagnetic backing |layer 2 and the orientation
control | ayeiny&ntioan. 4Theshednuimcdingridesaa emmqumahegnaibic/sublstrd tddt meele t he
underl ayer 5 and the substrate 1 for inproving performance of the

per pendi cul abf mgnahivam racgkadisng softlimagnetichouding lagep)dircoriehtatipiet i ¢ 13
recordi ng nedi um of the invention may |ack those | ayers. Mire specifically

describing, tbatrsldaseay8rarkd 49, sarmedelager Blape dicil 88l dvieneédt he |i ke,
having a thickness in the range 5 from1 to 20 nm gnetic performance of the

magnetic | ayghafn6aie laher GIRANE adpr¥tertivedayReetiagnimiten & tisis’ gl t er
gi ving oxygen adsorption treatnent onto thé surface of the underlayer 5. The

oxygen adgorption on the underlayer surface suppresses nagnetic interaction
bet ween magnetic particles in the magnetic layer 6 that is 10 fornmed on this

inderayer 5, 20 BARIERCHE SR A PRORL LRI 1

STTARGIE o e N AV AR R e e O ety

layers a basic structure of a multilayered lamination film composed by
laminating cobalt layers and platinum layers, at least one type of

10 layers of the cobalt layers and the platinum layers containing an
oxide of a metal, for example, silicon. Besides, the magnetic layer 6
having such structure is formed on an underlayer 5 provided for
reducing magnetic interaction between magnetic particles
constituting the magnetic layer 6. The underlayer 5 is preferably

15 composed of a platinum film, a ruthenium film, a palladium film, or a
platinum and palladium lamination film. A composition of the oxide
added to the magnetic layer 6 is preferably a stoichiometric
composition. When the additive oxide is a silicon oxide, for example,
the oxide preferably has a composition SiO2, while the silicon oxide

20 generally has a composition SiOx, where 0 <x < 2. The soft
magnetic backing layer 2 and the orientation control layer (3 and 4)
shown in Fig. 1 are preferably added between the underlayer 5 and

the substrate 1 for improving performance of the perpendicular

magnetic recording medium, although a perpendicular magnetic

13



and noble netal layers 6b of platinumlayers, both of which contains silicon
oxide (SiOx), resulting in a nultilayered lamnation film having a
conposition of Co-Si 2/ Pt-Si 2. The silicon oxide is preferably contained in
the range from1l to 15 nol % nore preferably 20 5 to 11 nol % in the cobalt

| ayer, and 1 to 8 nol%in the platinum |ayer. Although the silicon oxide is
contained in both the cobalt |layer and the platinumlayer in the

above- descr i recomhagpnediuhe of the dnwehticax ey bk brosobiyérsed in only one
type of layers of the cobalt |layers and the platinumlayers, as nentioned
earlier. The magnetic |layer 6 can be conposed of a nmultilayered | am nation
filmof Co/Pd in place of the nultilayered |lamnation filmof Co/Pt. In the

case of the 5 miMddeayscifichHi deddribingt, fth@tm@eﬂhpf@/ﬂaﬁb Ee@pokba ofi | i con
oxi de may be contained either in both the cobalt layers and the palladium

layers or i platiharaNeutN@givth, baxhesliRé, hAeit®aalHickA¥8s $n 3Rd rdHpPal | adi um
| ayers. |nstead of the silicon oxide (or in addition to the silicon oxide),

ai | east gne sl { by Q0T DMAEhERSbBARMA AUCAISENBJaly Btarl Ta

Nb, Mo, Mh, Cr, and N, and an oxl e reason Vi SI on

under| ayer 5b'érae%/};ﬁl&‘z9n&3&¥ SHlen ?ﬂ%%&%%e?{b rf@ﬁ% ?&%nbpﬁ%]@{ ﬁgﬁgn%agifg di cul ar

nmagnetic reco ng medi um of the Fnvention “tocon of the
15 O, e SRS AER R B R P WIS, e Te0nel
oxygen adsorption on the underlayer surface suppresses magnetic
interaction between magnetic particles in the magnetic layer 6 that is
10 formed on this underlayer 5, and loosens the gradient in the

magnetization curve of the magnetic layer 6 around the Hc point,

producing an effect to facilitating read-write of information.

The magnetic layer 6 has a basic structure of Co/Pt multilayered
15 lamination film composed of mainly-cobalt layers 6a of cobalt layers
and noble metal layers 6b of platinum layers, both of which contains
silicon oxide (SiOx), resulting in a multilayered lamination film
having a composition of Co-SiO2/Pt-SiOz. The silicon oxide is
preferably contained in the range from 1 to 15 mol%, more preferably
20 5to 11 mol% in the cobalt layer, and 1 to 8 mol% in the platinum

layer.

Although the silicon oxide is contained in both the cobalt layer

and the platinum layer in the above-described example, the silicon

14



enploying a Co/Pt nultilayered lamnation filmfor the nagnetic layer 6 is
because such a magnetic | ayer provides a |large value of He as conpared with a
magnetic |ayer of Co-Cr alloy, readily achieves a 20 squareness ratio of 1,
and brings about |arge crystalline magnetic anisotropy taking advantage of

i nterface magnetic anisotropy. The reason for adding silicon oxide to either
one or both of the cobalt layer and the platinumlayer that conpose the

mul ti| ayer ed okadé may be cantamed ihornlyhene typesf layeesmhfibhe rgbhilt lay@risnpr ovi ng
read-write 15 characteristics. The added nonmagnetic silicon oxides segregate
in the regi amdshevpatimagndayergaad ndresonedstairlietri ibhe magnbtictlayeyd& and
the platinumlayer, and mnim ze and isol ate each nagnetic particle. Thus, He

can be i ncregaahaoompogedroff £eauttihycedslanyireeion filen af 'C@Peldir plaspari son
with a magnetic layer |ike Co/Pt that does not contain silicon oxide. Though

thi ckness of o€ahb multiheyd@dltmeatbnt fillrh vf CHP BN Ehe Caskdfahecan be vari ed
corresponding to the intended magnetic property, 10 each of the cobalt |ayers

can be 0.2 t%ﬁlt@la@z@rwgﬁg}%ﬂ&&ﬁrﬁﬁﬁwﬁe%ﬁ Co/Fd 2086 b}}@isgk%ogﬁaﬁm@fné;he

pl ati num | ayers can be to 1.2 nmthick, preferably O. to 0.25°nm

thick. The mpgnej 't‘éiﬁé‘d%ﬁ‘f« # $n B8BRT Db lé’yéPéJ&gﬁéﬂg{Ségggﬁthﬁ?ﬁnPPal @

sputtering gas of argon, krypton, xenon, of & m xe ese gases. The

sputtering gas ; o) i v i | athye:;.mass fl ow

o e, “The or BRI OUE Ppe velalirs BEeha ooyl BAShAL thE FIAGIRCD
layers. Instead of the silicon oxide (or in addition to the silicon oxide),

at least one additive may be selected from a group consisting of Ru,

10 Ta, Nb, Mo, Mn, Cr, and Ni, and an oxide.

The reason for provision of the underlayer 5 having oxygen
adsorbed on the surface thereof in a perpendicular magnetic
recording medium of the invention is to control the gradient of the

15 magnetization curve near the point of coercive force Hc of the
magnetic layer 6 formed on this underlayer 5. The reason for
employing a Co/Pt multilayered lamination film for the magnetic
layer 6 is because such a magnetic layer provides a large value of He
as compared with a magnetic layer of Co-Cr alloy, readily achieves a

20 squareness ratio of 1, and brings about large crystalline magnetic
anisotropy taking advantage of interface magnetic anisotropy. The
reason for adding silicon oxide to either one or both of the cobalt layer
and the platinum layer that compose the multilayered lamination

film is for the purpose of enhancing Hc and improving read-write

15



of crystal orientation (c-axis orientation) of the underlayer 5. The
orientation control layer (3 and 4) consists of preferably |lamnated 20 two

| ayers: a first seed |layer 3 of tantalum and a second seed | ayer 4 of N FeCr.
Mat erial of the second seed | ayer can be conposed of N FeNbB or N FeSi, as
wel | . By enhancing c-axis orientation of the wunderlayer 5, crystal
orientation of the magnetic layer 6 that is fornmed on the underlayer 5 can

al so be enhacheatacteristets; Tiher added ridhmagneticcsipieohorxdes segireghte imgnet i ¢

| ayer 6. The tantalum | ayer and the N FeCr | ayer conposing an orientation

control | ayethefrebyen betweensinagaiatie phavielay edrestatltingthekesrdedayer t he range
of 1 to 10 nm and in the range of 5 to 20 nm respectively. Conposition of

the 5 N FeCr andythie 'Piiat&iﬁh@lﬁ thper Med rhihideieasied dsyRitaldddh agitic ori entation
of the underlayer of a ruthentumfilm and appropriately selected in the

range of 50 parfilat Pis, HE chd B iatrédRd #nd lﬁ%h%? ré@ordirté Gensit§ cHif soft

magneti c backing layer 2 is provided for enhancing witing ability using a

recor di ngg he%@’aﬁﬂgvéa 1?&‘319?'59'}( n Wflfl? a 3:?04%%7%%&&@%@&6 dédm of

CoZrNb or CoZrTa having a thickness e present

i nvention w Inlrotl?:%n‘ggﬁ‘f%gl?% HQi(fei n detail referring to exanples of preferred
0 i cul ar |

enbodi nent s a perpen nmagnetic recording nmedi um according to the
i nvention. Exanple 1

Though thickness of each of the layers constituting the magnetic
layer can be varied corresponding to the intended magnetic property,
10 each of the cobalt layers can be 0.2 to 0.8 nm thick, preferably 0.2 to
0.5 nm thick; each of the platinum layers can be 0.05 to 1.2 nm thick,
preferably 0.05 to 0.25 nm thick. The magnetic layer 6 is deposited
by a sputtering method using a sputtering gas of argon, krypton,
xenon, or a mixed gas of these gases. The sputtering gas may contain

15 0.05 to 0.5 % of oxygen in relative mass flow rate.

The orientation control layer (3 and 4) is provided for the purpose
of crystal orientation (c-axis orientation) of the underlayer 5. The
orientation control layer (3 and 4) consists of preferably laminated

20 two layers: a first seed layer 3 of tantalum and a second seed layer 4
of NiFeCr. Material of the second seed layer can be composed of
NiFeNbB or NiFeSi, as well. By enhancing c-axis orientation of the
underlayer 5, crystal orientation of the magnetic layer 6 that is

formed on the underlayer 5 can also be enhanced, thereby improving

16



20 An exanpl e of enbodi nent according to the present invention described here
conprises a substrate 1 of glass, a soft magnetic backing |layer 2 of CoZrNb
film an underlayer 5 of a platinumfilm a protective layer 7 of a carbon
film and a magnetic layer 6 of nultilayered | am nation of mainly-cobalt

| ayers 6a of cobalt |ayers 17 conposed of CoNi-Si 02 and noble netal |ayers 6b
of platinumlayers conposed of platinum The manufacturing nethod of a

per pendi cul amaggetiperfarmance difthenedignetid 1ayes6exBinptantaslvan layerows. The
substrate 1 is a glass substrate having a dianeter of 95nm (about 3.5 inches)

and a thi cknessl the NiFaCiTheyeti cwmpesirmndnt tidenthiiokressrohtuyeresf two e not
essential and the substrate 1 may be an 10 al um num substrate that is plated

with N -P andapeibpgaictire hae pesfeirably shitkitodsesiinthe/fdgge afldaial @nim _
cl eaning the substrate 1, a soft magnetic backing layer 2 of a CoZrNb filmis

formed on th@rﬁi{ﬁ?th@tﬂn@é @I’E%Whhﬂrfé@e@idwﬁ- G&ﬁé)b@ﬁﬁl@ﬁ ofeyé for
sputtering in this exanple has a conposition of° 87 at% Co - 5 at% Zr - 8 at%

No. The sput hGHdTr | @&Mégnat&b'd@ﬁ&?@%ﬁamnﬁ?%ﬂum the room

tenperature using sputtering gas argon sure o t 1 Pa. The
CoZrNb film oY) t] . e s;]q%gqudl ng of
t he anor phoug’}({s}%ﬁatgfoolfgfﬁg@?ﬁ&nﬂlégg?% %d%%t@lfggﬁ Tg?& T %%%4@%@ rature.
selected in the range of 50 to 70 at% Ni, 10 to 20 at% Fe, and 20 to 30
at% Cr.

10 The soft magnetic backing layer 2 is provided for enhancing
writing ability using a recording head, and is composed of, for
example, a soft magnetic film of CoZrNDb or CoZrTa having a

thickness from 50 to 400 nm.

15 The present invention will be described more in detail referring
to examples of preferred embodiments of a perpendicular magnetic

recording medium according to the invention.

Example 1

20 An example of embodiment according to the present invention
described here comprises a substrate 1 of glass, a soft magnetic
backing layer 2 of CoZrNb film, an underlayer 5 of a platinum film, a
protective layer 7 of a carbon film, and a magnetic layer 6 of

multilayered lamination of mainly-cobalt layers 6a of cobalt layers

17



Subsequently, an underlayer 5 of platinumwas deposited by sputtering on the
CoZrNb film The target used was pure platinum 18 The sputtering was

conducted to a thickness of about 10 nmat room tenperature using a m xed gas
of Kr + 4%Ar + 0.2%2 in relative nmass flowrate at a pressure of about 5 Pa.
5 On the platinumunderlayer 5 forned is a magnetic layer 6 of a multilayered

| am nation filmof CoNi -SiO2 /Pt by sputterln? The corrp05|t|on of the target
used was an &bmposeid @BCerﬁxDsaadwoble wiathl dayersdbl iof platimomnkalyeyrsi o2 f or
the cobalt layer and pure platinumfor the platinumlayer. These targets were
si mul t aneouscomipsdidsefhplageduand sputtered while rotating, to deposit a

CoNi -Si2 |layer and a platinumlayer alternately. The sputtering was
conducted to a filmthickness of 0.45 nmfor each of the CoNi-Si Q2 |ayers and
0.4 nm for each of the platinumlayers at roomtenperature using a m xed gas

of Kr + 4%A\r + OTR¥anufaet@tingemmrbsdfdfoavpezpendicidapraagueeicof 15 about 5
Pa. The conposition of the |am nated CoNi -Si Q2 | ayers was 90 nol % (95 at %

Co-5 at % i) recdﬂilﬁ‘i@ Hedi Gk bﬁfchﬁscékﬂﬁlﬁl@f& &PfAIRsvEI on of the target used for
the sputtering. Finally, a protective l'ayer 7 of a carbon filmwas forned on

the 20 top surface of the magnetic layer 6 by a sputtering nmethod. The
sputtering was conducted to a filmthickness of about 7 nmusing a carbon

target and a spufherdiykt¥gee 97is3 gPAsALuBAHte hhANR! a WM etbe BT O8hithe-
(about 3.5 inches) and a thickness of 1 mm. The diameter and the
thickness, however, are not essential and the substrate 1 may be an
10 aluminum substrate that is plated with Ni-P and subjected to an

appropriate texturing.

After adequately cleaning the substrate 1, a soft magnetic

backing layer 2 of a CoZrNb film is formed on the substrate by a

15 sputtering method. The target used for sputtering in this example
has a composition of 87 at% Co - 5 at% Zr - 8 at% Nb. The sputtering
was conducted to a film thickness of 200 nm at the room temperature
using sputtering gas of argon at a pressure of about 1 Pa. The
CoZrNb film exhibits adequate soft magnetic performance

20 notwithstanding of the amorphous state of the film that is deposited

at room temperature.

Subsequently, an underlayer 5 of platinum was deposited by

sputtering on the CoZrNb film. The target used was pure platinum.

18



19 Figures 2 through 4 illustrate the effects of the sputtering gas wused in
depositing the magnetic |layer 6 on the performances of the magnetic |ayer 6.
Fig. 2 shows relations between platinumlayer thickness and coercive force in
a multilayered lamination filmb5 consisting of pure cobalt |ayers (containing
neither Nl nor SiG2) and pure platinumlayers forned using a sputtering gas
of Ar, Kr, or Xe. 1In the figure, the ordinate represents coercive force and
the absci ssaThEE§PEETaHBgW@ pbaduntﬂd £o lanthickokese ©f abbwitSinmemtriepomy  usi ng
argon gas resulted in the maxi mum coercive force of about 4,000 Ce at a

pl ati num fi | temperiatose using.2mixedvgad of Kine 49%6Arof Okﬁ%@ﬁirr eslativa in the
maxi mum coercive force of about 4,800 OCe at a platinumfilmthickness of 0.75
nm and the wsasofloMeratmat meprddserrei of AbeutrdxPaum coercive force of about
6,000 Ce at a 15 platinumfilmthickness of 1.0 nm The platinumfilm

t hi ckness that gives the maxi num coercive force varies with the type of the
sputtering gas. The use of a sputtering gas of krypton or xenon provides a

per pendi cgl ar magnethé pﬂ@ﬁmﬂh Reh A& b yeYr S firthéd 19 a2m dgHA8 1HRA7 Giofe force
than the use of argon gas. 20 Fig. 3 illustrates the dependence of the

n the | ati num
gradient a |@nﬁltlgw.@ﬂllé%hfﬁh&ﬂﬁfﬂﬁl%T@B‘Nl@l@z{?%’ﬂgﬁ%%ﬁ) G ngﬂgf’ qu i nu

| ayer thickness mul ti1layered lamnation fi re cobalt
layers and pupbg RiationUor tRY BAradtOnSESE Wik 9% 5P S A0 @5 8i% Ni
with an addition of 10 mol% SiO: for the cobalt layer and pure
platinum for the platinum layer. These targets were simultaneously
10 discharged and sputtered while rotating, to deposit a CoNi-SiO2 layer
and a platinum layer alternately. The sputtering was conducted to a
film thickness of 0.45 nm for each of the CoNi-SiO: layers and 0.4 nm
for each of the platinum layers at room temperature using a mixed
gas of Kr + 4%Ar + 0.2%0z in relative mass flow rate at a pressure of
15 about 5 Pa. The composition of the laminated CoNi-SiO2 layers was
90 mol% (95 at% Co-5 at% Ni) - 10 mol% SiO2 reflecting the

composition of the target used for the sputtering.

Finally, a protective layer 7 of a carbon film was formed on the
20 top surface of the magnetic layer 6 by a sputtering method. The
sputtering was conducted to a film thickness of about 7 nm using a
carbon target and a sputtering gas of argon at about 1 Pa at room

temperature.
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20 argon, krypton, or xenon. In the figure, the ordinate represents the
gradient a and the abscissa represents the platinumlayer thickness. The
gradient a of the magnetization curve is an index of the intensity of
magneti c interaction between magnetic particles constituting the 5 magnetic
| ayer 6. Smaller vaI ues of the gradient a are considered nore favorable. As
apparent from Fi % , the deposited filnms using sputtering gas of krypton or
xenon showed t helaguedsi@8shappegbxd nlustratertitte/effenid ef tite shutieengfgas
sputtering gas of argon resulted in the a values larger than three. This
resul t denonsisedtiesdepdsitane thgmagnetictlayect6 on theeperfennmmayrest ofcthpar ti cl es
in the magnetic |layers fornmed using sputtering gases of krypton and xenon,

and neans t hahagneticdalyeg 6.ubigio2 khymtorelatioenbstwednqdatimanaagerses. 15
Fig. 4 illustrates the dependence of coercive force He on pressure of

sputtering gahidlodess autltddeyRieeldreaihah @Rillalyleeddasitldtivh $flnpure cobal t
| ayers and pure platinumlayers fornmed using a sputtering gas of argon,

krypton, gr xeneistih® offfude 88At léiﬂ@ré)(éiirﬁé‘i&ﬂ% ReRRRAN Ni #dr09f09iugd f or ce,
and the absci ssa represents gas pressure. The I cknesses of the cobalt

?ltd YRS ﬁg&% h
lg%:;St ﬁgdmta I mum coercl ve olr%cfgﬁ' éphgglg%%’ks ?mggghggf%fg(gevg?dugg E)f at he
| ayers were: Ihntﬁerﬁgﬁ%etﬂe or@iBa réhittehtl (Ber&RRAokcd AN théBfsfisdg M for

pl ati num | ayérs
represents the platinum film thickness.

10 Sputtering by using argon gas resulted in the maximum coercive
force of about 4,000 Oe at a platinum film thickness of 0.2 nm, while
the use of Kr gas resulted in the maximum coercive force of about
4,800 Oe at a platinum film thickness of 0.75 nm, and the use of Xe
gas resulted in the maximum coercive force of about 6,000 Oe at a

15 platinum film thickness of 1.0 nm. The platinum film thickness that
gives the maximum coercive force varies with the type of the
sputtering gas. The use of a sputtering gas of krypton or xenon
provides a perpendicular magnetic recording medium exhibiting a
larger coercive force than the use of argon gas.

20

Fig. 3 illustrates the dependence of the gradient a in a
magnetization curve around the point of Hc on the platinum layer
thickness of a multilayered lamination film consisting of pure cobalt

layers and pure platinum layers formed using a sputtering gas of

20



21 the case of xenon, 0.43 nmfor cobalt |layers and 0.87 nmfor platinum

| ayers, and in the case of krypton, 0.44 nmfor cobalt layers and 0.72 nmfor
platinumlayers. 5 In the case of argon gas, the higher pressure resulted in

| arger coercive force within the pressure range up to 10 Pa. In the krypton
gas, the maxi num coercive force was obtained at the pressure of 6.5 Pa, and
in the xenon gas, the pressure value of 5 Pa gave the maxi mum coercive force.
The maxi mum axgovs kojptie, ecozenone Frothe figitrel dhetdrelinate sepfedemtsttdre and
xenon were larger than the maxi rum value for the case of argon. Table 1 gives
t he eval uati gradesut asard the ydiseidsanee pregeeits ¢heapliasmumplayfeartinekpessli cul ar
magneti c recordi ng nmedia having a 15 magnetic |ayer 6 manufactured by using

sputtering gd¥esgeddrirgomof theynbgnetBadineeanve I8an aidex of theénténdiby
crystalline nmagnetic anisotropy constant Ku inplies the higher and better

thermal st abfihhynefictit@erBetionbet ¥ ebaPhfagnétie pla@ticlés Eonsasheing 1o Ar2. 26
x 106 Kr3.60 x106 Xe3.57x 106
5 magnetic layer 6. Smaller values of the gradient a are considered

more favorable.

As apparent from Fig 3, the deposited films using sputtering gas
of krypton or xenon showed the a values approximately unity, while
10 the use of a sputtering gas of argon resulted in the a values larger
than three. This result demonstrates reduced magnetic interaction
between magnetic particles in the magnetic layers formed using
sputtering gases of krypton and xenon, and means that sputtering
using krypton or xenon reduces media noises.
15
Fig. 4 illustrates the dependence of coercive force Hc on pressure
of sputtering gas for a multilayered lamination film consisting of pure
cobalt layers and pure platinum layers formed using a sputtering gas
of argon, krypton, or xenon. In the figure, the ordinate represents
20 coercive force, and the abscissa represents gas pressure. The
thicknesses of the cobalt layers and the platinum layers are adjusted
approximately at the value that gives the maximum coercive force for
each kind of gas. Specific values of the layers were: in the case of

argon, 0.44 nm for cobalt layers and 0.26 nm for platinum layers, in
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22 As apparent in the Table 1, the nmedi um having a nagnetic |ayer 6 deposited
by using sputtering gases of krypton and xenon showed higher crystalline
magneti c ani sotropy than the nediumformed by wusing a sputtering gas of

argon. 5 Table 2 gives nmagnetic cluster sizes in the magnetic |ayer 6

obtai ned by a nmagnetic force mcroscope (MFM for each of the nmedia. The
smal | er magnetic cluster sizes are the nore favorable for high density

recording. 1@héajalse of samuo,ed.i43onmfnecedlsalydagbrshed 8i87enimfgr plaATnnd7 Xe36
As apparent in Table 2, the sputtering gases of krypton and xenon resulted in

smal | er nmagngayeérs;ldisd eh thezeseastkAgton) €en4 kbmsfopddblady biypdilseah @0.iRgher
density recording as conpared with the argon sputtering gas. Thus, nmagnetic

performance @fmFopPlatiimUadersmgnetic recording medi um can be inproved by
usi ng sputtering gas
5 In the case of argon gas, the higher pressure resulted in larger
coercive force within the pressure range up to 10 Pa. In the krypton
gas, the maximum coercive force was obtained at the pressure of 6.5
Pa, and in the xenon gas, the pressure value of 5 Pa gave the
maximum coercive force. The maximum values of the coercive force
10 for the cases of krypton and xenon were larger than the maximum

value for the case of argon.

Table 1 gives the evaluation results of crystalline magnetic
anisotropy for perpendicular magnetic recording media having a
15 magnetic layer 6 manufactured by using sputtering gases of argon,
krypton, and xenon. The larger value of the crystalline magnetic
anisotropy constant Ku implies the higher and better thermal

stability of the medium.

20 Table 1
sputtering Ku
gas (erg/cc)
Ar 2.26 x 108
Kr 3.60 x 106
Xe 3.57 x 108
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of krypton or xenon in the deposition process of a magnetic |ayer 6. 20 Based
on the above results, krypton was selected for a sputtering 23 gas and a
variety of elements as nentioned previously was contained in the cobalt

| ayers in order to inprove read-wite characteristics. Fig. 5 illustrates the
effect of addition of oxygen into the 5 sputtering gas for depositing the
magnetic |ayer. The Fig. 5 shows the coercive force, in relation to the
oxygen content i Astdppamurittier tlng Tadde,1, dheperepiudi halving magregnetic éaypedi ng
media with the cobalt |ayers constituting the magnetic |ayer containing an

el ement sel e6tdepdgited by usitgs sphttelVing BaseSof laypton andl xehensghowedi ng gas
of krypton 10 containing oxygen up to 0.2 %in relative mass flow rate. In the
figure, the tigheateystiliesemapreets shidtrepsehandtlid enadiseh FoemedEpyesent s
oxygen content. Although the oxygen content dependence of the coercive force
15 varies w iRihde pageing Basasdiadael.ement, it has been confirnmed that the
addi tion of oxygen inproves coercive force. A reason for this inprovenent can
be considgred as follows. The additive el ement can be oxidized by oxygen in

t he at nosphere of the process and produces oxides that precipitate in the

291 on betveen (pgpiobali Ry le e B HFSAT ETERRIR TR | ©
T ust ra es PRATRY B 4 o bR Fofie b EongBhel N R p 441 of thiSneflia.
The smaller magnetic cluster sizes are the more favorable for high

density recording.

10
Table 2
sputtering magnetic
gas cluster size
(nm)
Ar 47
Kr 37
Xe 36

As apparent in Table 2, the sputtering gases of krypton and
xenon resulted in smaller magnetic cluster sizes and have been
15 shown favorable for higher density recording as compared with the
argon sputtering gas. Thus, magnetic performance of a perpendicular
magnetic recording medium can be improved by using sputtering gas

of krypton or xenon in the deposition process of a magnetic layer 6.

20 Based on the above results, krypton was selected for a sputtering

23



24 characteristics) of a perpendicul ar magnetic recordi ng nedium (nmedium A)
havi ng a nagnetic |layer of a nultilayered |lamnation filmconsisting of
cobalt layers containing 5 at% nickel (95 at% Co - 5 at% N |ayers) and

pl ati num | ayers, and of a perpendicul ar nmagnetic 5 recordi ng medi um (medi um B)
having a magnetic layer of a nultilayered I am nation filmconsisting of 95
at% Co - 5 at% N |l ayers containing 10 nol % of SIQ2 (90 nol % (95 at% Co - 5
at% Ni) - 10 gamsl 2hdiaSRatieygrof)elantkiptisads mentiaged previotdly Waguwoataiead
ordinate represents signal-to-noise ratio (SNR) and the absci ssa represents

10 linear r e@nrtﬂier@bhiﬂia?drs th 9edehevinmproveerdddrwdté sharaereisvied.e
characteristic (specifica an SN characteristic) of a perpendicul ar

magneti ¢ recordi ng nmedi um (rredi um C) having a magnetic | ayer of a
mul tilayered |am nation filmconsisting of pure cobalt |ayers and platinum

|l ayers for CO”paFl%OE')‘ illfstrdtes ﬁfﬁﬂgﬁf}&}bﬁof additiofloft nthtPdha vere

deposited using sputteri ng gas of pton contal ni ng .2 % of oxygen in

per for Yédgﬁi.%ﬁm"%h%ﬁ B R R e e e B R o 20
densi ty of at %{Eﬂd&%’%ﬂﬁﬁ’?ﬁﬁ"?ﬁ%@iﬁ %ﬁ %5?’%%%& E?a%é’?‘? 1 b B R s
comay o0 4 el DU Ay R P8GR RS RS 120
medi um B has constituting the magnetic layer containing an element selected from
Ni, Ta, Nb, Mo, Mn, Cr, and Si and the sputtering gas of krypton

10 containing oxygen up to 0.2 % in relative mass flow rate. In the

figure, the ordinate represents coercive force and the abscissa

represents oxygen content.

Although the oxygen content dependence of the coercive force
15 varies with the type of the added element, it has been confirmed that
the addition of oxygen improves coercive force. A reason for this
improvement can be considered as follows. The additive element can
be oxidized by oxygen in the atmosphere of the process and produces
oxides that precipitate in the region between the cobalt particles. The
20 oxide can decrease magnetic interaction between cobalt particles.
This fact can also contribute to improvement in read-write

characteristic, as described later.

Fig. 6 illustrates read-write characteristics (specifically, SN
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25 denonstrated further inprovenent in SNR than the nediumA. It has been
confirmed that addition of a metal or an oxide such as nickel or SiQ2 into
the cobalt layers can inprove read-wite characteristic and are effective to
enhance recording density. 5 Exanple 2 In this exanple of enbodi ment according
to the present invention, a perpendicul ar nmagnetic recordi ng nedi um was
produced conprising a magnetic layer 6 of nultilayered |am nation structure
of 10 CoRu/ Rhaaadteristits) ofigpetripe nddcklagmsaymti®redordifgzndlivm m The

manuf acturi ng nmet hod of a perpendi cular magnetic recording nmediumof this

exanpl e i s adnfedliuoms) Raviiie asmbgtneticeldydisofa ghabilsuhetrlaneitaiong a
di aneter of 95nm (about 3.5 inches) and a thickness of 1 mm The dianeter and

the thicknegim kewsiting af @obalt Bg{seq*@tdoaitamﬁmdg Beat3shitkel @5latByChe 5n
al um num substrate that 1s plated with Ni-P and subjected to an appropriate

o e
e THe LGRS 10 i ARG Lt oS o ©7
multilayered lamination film consisting of 95 at% Co - 5 at% Ni
layers containing 10 mol% of SiOz (90 mol% (95 at% Co - 5 at% Ni) -
10 mol% SiOs layers) and platinum layers. In the figure, the ordinate
represents signal-to-noise ratio (SNR) and the abscissa represents
10 linear recording density. Also shown in the figure is a read-write
characteristic (specifically, an SN characteristic) of a perpendicular
magnetic recording medium (medium C) having a magnetic layer of a
multilayered lamination film consisting of pure cobalt layers and
platinum layers for comparison. All the magnetic layers of these
15 media were deposited using sputtering gas of krypton containing
0.2 % of oxygen in relative mass flow rate. Evaluation of the read-

write characteristic was performed using a ring head for longitudinal

magnetic recording media.

20 Although the medium C was possible to read-write up to the
limited recording density of around 400 kFCI, the medium A showed
significantly improved SNR as compared with the medium C in the
region over 200 kFCI, and has demonstrated certified possibility to
read-write in the region as high as 550 kFCI. The medium B has
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was conducted to a filmthickness of 200 nmat the roomtenperature using
sputtering gas of argon at a pressure of about 1 Pa. The CoZrNb filmexhibits
adequat e soft nmgnetic performance notw thstanding of the anorphous state of
the filmthat is deposited 5 at roomtenperature. Subsequently, an underl ayer
5 of platinumwas deposited by sputtering on the CoZrNb film The target used
was pure platinum The sputtering was conducted to a thickness of about 10 nm

at room 10 t elepesnstrated Surther impedveatkef iIKENR4YN th® né@immr dtat i ve
mass flow rate at a pressure of about 5 Pa. On the platinumunderlayer 5

fornmed is a hegngddie cbafiendd that addition ¢yg£meetdlosd aatdxdde fsuch &8 nigifdl / Pt
by sputtering. The 15 conposition of the target used was 95 at% Co - 5 at% Ru

for the cobaktSiGRyRItodH: Sob£ltAhFerdeihlidhptdiee PbadiviHiNe Ich@hctelfiste targets
wer e simultaneously discharged and sputtered while rotating, to deposit a

CoRu | ayer agqupagé @gfeggwel ﬁ)’@ﬁhﬁhﬁ:@r&%fﬂl%%gl@%gigp““e” ng was conducted to

a filmthickness nmfor each of 20 t | ayers and 0.8 nmfor each
of the pl ;ti num | ayers at room tenperature using a sputtering gas of Kr +
4%Ar + 0.29%2 in relative mass flowrate at a pressure of 5 Pa. Finally, a

protective I@/)&gmg)lgf?‘ a carbon filmwas formed on the 27 top surface of the
magnetic | ayéer y & sputtering nmethod. The sputtering was conducted to a

Filmthickness of, apou texe?m{]ﬂl]eug Sbddiment according to the present

invention, a perpendicular magnetic recording medium was produced
comprising a magnetic layer 6 of multilayered lamination structure of

10 CoRu/Pt and a soft magnetic backing layer 2 of a CoZrNb film.

The manufacturing method of a perpendicular magnetic

recording medium of this example is as follows.

15 The substrate 1 is a glass substrate having a diameter of 95mm
(about 3.5 inches) and a thickness of 1 mm. The diameter and the
thickness, however, are not essential and the substrate 1 may be an
aluminum substrate that is plated with Ni-P and subjected to an
appropriate texturing.

20

After adequately cleaning the substrate 1, a soft magnetic
backing layer 2 of a CoZrNb film is formed on the substrate by a
sputtering method. The target used for sputtering in this example

has a composition 87 at% Co - 5 at% Zr - 8 at% Nb. The sputtering
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carbon target and a sputtering gas of argon at about 1 Pa at room

tenperature. 5 Fig. 7 illustrates read-wite characteristics (specifically, SN
characteristics) of a perpendicul ar nagnetic recordi ng medi um (medi um D)
having a magnetic layer of a nmultilayered |amnation filmconsisting of

cobalt layers containing 5 %ruthenium (95 at% Co 10 5 at% Ru | ayers) and

pl ati num | ayers, and of a perpendi cular magnetic recording nmedi um (medi um E)

havi ng a nmagmweds cohduetedto a filml thitkiiesedf RO mat Ko theidoons eefipdrataref 95
at% Co - 5 at% Ru |layers containing 0.2 nol % of 02 (99.8 nol% (95 at% Co - 5

at% Ru) - 0. Zi¢iR %p%téﬁh@r%as afdrpbatdtna Preayers of hbouliel Pagul'Be the ordinate
15 represents SNR and the absci ssa represents |linear recording density. Also

shown in the G4ZuNB ﬂl?n%x&ﬁﬁﬂsvﬁdé@&ﬁ@éﬁ%txﬁhgﬁbtfc peHBehdit@) |y, an SN
characteristic) of a perpendicul ar magnetic recording nedium (nmedium F)

havi . of - - AN f i i Sti: f
USVTD ey AT oL OB WU L UL

of these di Eﬁ%l usi ng sputtering gas of krypton containing up
to 0.2 %g}a 3@?@@“@ a t?gt%?%h of the read-wite characteristic was perforned

using a ring head for |ongitudinal magnetic recording nedia. 28 Although the
medi um F was possible to read-wite up to the Ilimted recording density of

around 500 kFd, Sgl%%e%gh%@, %r? r1}1%\’(\{3eq'layer 5 of platinum was deposited by

sputtering on the CoZrNb film. The target used was pure platinum.
The sputtering was conducted to a thickness of about 10 nm at room
10 temperature using a mixed gas of Kr + 4%Ar + 0.2%02 in relative

mass flow rate at a pressure of about 5 Pa.

On the platinum underlayer 5 formed is a magnetic layer 6 of a

multilayered lamination film of CoRu / Pt by sputtering. The

15 composition of the target used was 95 at% Co - 5 at% Ru for the
cobalt layer and pure platinum for the platinum layer. These targets
were simultaneously discharged and sputtered while rotating, to
deposit a CoRu layer and a platinum layer alternately. The
sputtering was conducted to a film thickness of 0.45 nm for each of

20 the CoRu layers and 0.8 nm for each of the platinum layers at room
temperature using a sputtering gas of Kr + 4%Ar + 0.2%0: in relative

mass flow rate at a pressure of 5 Pa.

Finally, a protective layer 7 of a carbon film was formed on the
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significantly inproved SNR as conpared with the nediumF, and has

denonstrated certified possibility to read-wite in the region up to 5 500
KFCl . The medi um E has denonstrated further inprovenent in SNR than the
medium D. It has been confirned that addition of rutheniuminto the cobalt

| ayers, or further addition of oxygen can inprove read-wite 10 characteristic
and are effective to enhance recording density. Exanple 3 A perpendicul ar

magneti ¢ recesgistgfardbf thembxashlcdayer &bpradspattiedind enetlesknThenvent i on
conprises, as shown in Fig. 1, a 15 nonmagnetic substrate 1 made of al um num

or the like, sﬁﬁ@téﬂiﬁg'v@ﬁ@ﬁ:@nﬂ'ﬂfété@'wgﬂ fil SO hickneas of G HArkT 'i*ﬁn'ﬁﬁiﬁF 2, a first
seed | ayer 3, a second seed | ayer 4, an underlayer 5, a magnetic layer 6 of a

mul ti | ayered chAiRahkest hhid spUtErifR! HANOPROEGH Wt ihd @y PP at T8BHENL T Al |y
| am nat ed ont rate 1n this or A" magnetic layer 6 of th

exanpl e uses Q?lp% HukePt that is a mltilayered | am nation film conposed by
alternately Iam nating a Co-Si 2 layer 6a and a platinum | ayer 6b

repetiti V§| y. By adding SiQ2 in the cobalt |ayer, the nonnmagnetic Si Q2

segregat es bet ween 29 the cobalt particles, leading to mnim zation and
i sol ati on of cob nt ent f 5102 i
preferably adjus e% tPé#&g‘%fW&”?ﬁez Y eﬁﬁtgzshﬁg%g f§¢a§%r%§ey in the

f 5
range trom charactemstlcs) of a perpendicular magnetic recording medium

(medium D) having a magnetic layer of a multilayered lamination
film consisting of cobalt layers containing 5 % ruthenium (95 at% Co -

10 5 at% Ru layers) and platinum layers, and of a perpendicular
magnetic recording medium (medium E) having a magnetic layer of a
multilayered lamination film consisting of 95 at% Co - 5 at% Ru
layers containing 0.2 mol% of Oz (99.8 mol% (95 at% Co - 5 at% Ru) -
0.2 mol% Oz layers) and platinum layers. In the figure, the ordinate

15 represents SNR and the abscissa represents linear recording density.
Also shown in the figure is a read-write characteristic (specifically, an
SN characteristic) of a perpendicular magnetic recording medium
(medium F) having a magnetic layer of a multilayered lamination
film consisting of pure cobalt layers and platinum layers for

20 comparison. All the magnetic layers of these media were deposited
using sputtering gas of krypton containing up to 0.2 % of oxygen.
Evaluation of the read-write characteristic was performed using a

ring head for longitudinal magnetic recording media.
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to 11 nol % 5 By using a rutheniumunderlayer 5 with adsorbed oxygen on the
surface thereof, the gradient of a nmagnetization curve at around He becones
| ess steep and the magnetic interaction between the particles in the

per pendi cul ar magnetic | ayer can be decreased, which 10 facilitates
read-write. For the purpose of c-axis orientation of the crystals in the

rut heni um underl ayer 5 and enhanci ng coercive force, the first seed |ayer 3

enpl oys a tant al AbbHough thednedauseEonds pesdibleyter rehdenptity siplts thé\i FeCr | ayer
for controlling crystal orientation. A conposition of the NiFeCr |ayer is

appropri at el Yirsftedoteedriding densvisy of sisé@hdi500 kFCl)dheomledeénnc Dnskewedbi 1 ity
of crystal orientation of the ruthenium underlayer disposed just on the

N FeCr | ayer gigmiflicant ﬂfng)' rabed SHH Hsicethpardd witBrhe Meddint & ahdhi N - 10
to 20 at% Fe - 20 to 0 at% Cr. Thickness of each layer is preferably

det erm ned tﬂe%dﬁéﬁfﬁtéd‘ cb?@iflerdaﬁé%&ﬁht}lt& PeQ-WHtkAn {Heréiot u ?%d ! ayer 3,

5to 15 nmfor the second seed |ayer 4, to 20 nmftor the underlayer 5, 0.2

to 0.8 “”{;30 b@rkgé‘lh Phe Hﬁ@dﬁ?ms]g,%é Aefionstid e(g ];fﬁrﬂ?exg' Iﬁﬁ}g&%m%% ng‘; T;he

pl ati num Tl ayers soft magnetic ing Tayer a so netic

film wth agﬁk%%%g 5’81151?1 ﬁoo nmis urther provided between t he

It has been confirmed that addition of ruthenium into the cobalt
layers, or further addition of oxygen can improve read-write

10 characteristic and are effective to enhance recording density.

Example 3
A perpendicular magnetic recording medium of Example 3
according to the present invention comprises, as shown in Fig. 1, a
15 nonmagnetic substrate 1 made of aluminum or the like, and the
layers including a soft magnetic backing layer 2, a first seed layer 3, a
second seed layer 4, an underlayer 5, a magnetic layer 6 of a
multilayered lamination film, and a carbon protective layer 7
sequentially laminated on the substrate in this order.
20
A magnetic layer 6 of this example uses Co-SiO2 / Pt that is a
multilayered lamination film composed by alternately laminating a
Co-Si0Oz layer 6a and a platinum layer 6b repetitively. By adding

SiO2 in the cobalt layer, the nonmagnetic SiO3 segregates between
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nonmagneti c substrate 1 and the first seed |layer 3 to enhance witing ability
using a recording head. The manufacturing nmethod of a perpendi cul ar nmagnetic
10 recordi ng nedium having a structure descri bed above is as follows. The
substrate is an al um num substrate having a dianeter of 95mm (about 3.5
inches) and a thickness of 1 nmm The dianmeter and the thickness, however, are
not essential and the substrate may be a 15 glass substrate. After adequately
cl eani ng t he thaleobadtt particks, leadyne té enhaokizagion apdrisolatdonafftcolmadtnet i c
CoZrTa filmis fornmed on the substrate by a sputtering nethod. The target

used here fompaspiclésr Comtbas of SIQ conples Go-Bi0ellaper & préferably aidjusted 3 at %

Ta. The sputtering was conducted to a filmthickness of 200 nmat the room

temperat ure jnghedraid frh Wt@ads Riol%, IAOréabraefdradis yhahef rades fromPR. The
CoZrTa fil mexhibits adequate soft magnetic performance despite the filmis

in an anor pheys 1ShRfl9%.and i s deposited at roomtenperature. 31 Subsequently, a
first seed |ayer 3 of tantalum was deposited by sputtering on this CoZrTa
film Thegtarget used was pure tantalum The sputtering was conducted to a
t hi ckness of 5 nmat roomtenperature using argon gas at a pressure of about 1

Pa. 5 Subsequent+y, r 1 E{@(é pPQSd Vi

sputtering on t hgglt%%tn %E%%%lggégl?&n{rﬂéategr &Feb{r %\";@39’\/\%5 (S)%gt %&9 051& he
surface thereof, the gradient of a magnetization curve at around Hc
becomes less steep and the magnetic interaction between the

particles in the perpendicular magnetic layer can be decreased, which

10 facilitates read-write.

For the purpose of c-axis orientation of the crystals in the
ruthenium underlayer 5 and enhancing coercive force, the first seed
layer 3 employs a tantalum layer and the second seed layer 4 employs

15 a NiFeCr layer for controlling crystal orientation. A composition of
the NiFeCr layer is appropriately selected to improve crystallinity
and to keep controllability of crystal orientation of the ruthenium
underlayer disposed just on the NiFeCr layer, and is preferably
adjusted in the range of 50 to 70 at% Ni - 10 to 20 at% Fe - 20 to 30

20 at% Cr.

Thickness of each layer is preferably determined to a value in the
range of: 1 to 10 nm for the first seed layer 3, 5 to 15 nm for the
second seed layer 4, 10 to 20 nm for the underlayer 5, 0.2 to 0.8 nm
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at% Fe - 25 at% Cr. The sputtering was conducted to a thickness of 10 nm
using argon gas at a pressure of about 1 Pa at room 10 tenperature. On this
Ni FeCr film an underlayer 5 of a rutheniumfilmwas deposited by sputtering.
The target used was pure ruthenium The sputtering was conducted to a
t hi ckness of about 20 nm using argon 15 gas at a pressure of about 4 Pa at
roomtenperature. The surface of the thus deposited rutheniumunderl ayer was
exposed to afgmeachiofihehCoeSi®): Biyers, hadl0% 21 immrfelratacheofrtdss fl ow rate
under a pressure of 0.1 to 10 Pa for 1 to 20 seconds so as to adsorb proper
amount of oxyjgtineimtlAgersit heni um surface. 20 On this rutheni umunderlayer 5
formed is a perpendicularly oriented nagnetic layer 6 of a nmultil ayered
lam nation filmof Co- SiQ2 / Pt by sputtering. The conpositions of the
targets used were cobalt containing 9 nol% of SiQ2 (91 nmol % Co - 9 nol % Si A2)
and pure 32 platj ; : ) t t 1ahd

ArshR: ﬂ&gﬁt@%&?&%ﬁtg%@%rsz aPog ﬁilgt;%'é %%ﬁg%@vg%lﬁp

sputtered while rotating, eposi € a”Co- Si er I num | ayer

e L A R R

9hrml (%la Si e conposition o used for depositing f
e . 5
Paat room ¢ SppuiapREb BHIRGAHE L PRI SRR Wi ® BAESRES"

and thi Cknessab?fitf %%E‘né) fa i['ehc%rding head.

The manufacturing method of a perpendicular magnetic

10 recording medium having a structure described above is as follows.

The substrate is an aluminum substrate having a diameter of
95mm (about 3.5 inches) and a thickness of 1 mm. The diameter and
the thickness, however, are not essential and the substrate may be a

15 glass substrate.

After adequately cleaning the substrate, a soft magnetic backing
layer of a soft magnetic CoZrTa film is formed on the substrate by a
sputtering method. The target used here for sputtering has a
20 composition of 92 at% Co - 5 at% Zr - 3 at% Ta. The sputtering was
conducted to a film thickness of 200 nm at the room temperature
using sputtering gas of argon at a pressure of about 1 Pa. The
CoZrTa film exhibits adequate soft magnetic performance despite the

film is in an amorphous state and is deposited at room temperature.
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platinumlayers was 0.1 nm 10 Finally, a protective |layer 7 of a

ni trogen-doped carbon (C. N filmwas forned on the top surface of the
magnetic |layer 6 by a sputtering nethod. The sputtering was conducted to a
filmthi ckness of 7 nmunder argon gas pressure of about 1 Pa and at room
tenperature. 15 Fig. 8 illustrates an effect of the crystal orientation
control layer included in a perpendicular magnetic recording nedium according

to the present Sabesguentlyliagfir&t séeddaper 3-dfaanthliimasiasodepeditet byobt ai ned
on a sanple prepared by sequentially depositing first and 20 second seed

| ayers of tagpakteriapbMiieColeTackimYelte tar%élﬁ 1888 Uis prderfaaitalum. and a
Co-Si2 / Pt magnetic layer 6 of a nmultil ayere | am nation structure. As

apparent f r0fI‘Hé’§?ﬁtt@1‘il‘i‘g v 8o ARESRT ’t’@‘é t}ﬁbkhbéé?bf%”nfr{ QBbBf rut heni um
underl ayer 5 was the diffraction from 02) plane, which indicated that the

orientation @.]%d or c-axis
orientation ggﬁﬁ%artt‘?%?ﬁ?%%\%‘%%g‘ g%aé)éraeéi‘ re awﬁés(t (r:%{les the effect of
oxygen adgorptl on on the surface of the rut henl um underlayer 5. Fig. 9 shows
a magneti zation curve obtained on a perpendi cul ar magnetic recordi ng nmedi um

manuf act ured by % escrib [ h i nventdon. Unit
of the abscissa $§1%S%89§F1% @nﬁco%*d gﬁ%&gg}ﬁ?ﬁ% W gﬁu‘}vas deposfted Qy
sputtering on the tantalum layer. The target used was 60 at% Ni - 15
at% Fe - 25 at% Cr. The sputtering was conducted to a thickness of

10 nm using argon gas at a pressure of about 1 Pa at room

10 temperature.

On this NiFeCr film, an underlayer 5 of a ruthenium film was
deposited by sputtering. The target used was pure ruthenium. The
sputtering was conducted to a thickness of ‘about 20 nm using argon

15 gas at a pressure of about 4 Pa at room temperature. The surface of
the thus deposited ruthenium underlayer was exposed to a gas
atmosphere of Ar + 1 to 10% Oz in relative mass flow rate under a
pressure of 0.1 to 10 Pa for 1 to 20 seconds so as to adsorb proper
amount of oxygen on the ruthenium surface.

20

On this ruthenium underlayer 5 formed is a perpendicularly
oriented magnetic layer 6 of a multilayered lamination film of Co-
Si02 / Pt by sputtering. The compositions of the targets used were

cobalt containing 9 mol% of SiO2 (91 mol% Co - 9 mol% SiOs) and pure
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The figure indicates that the gradient of the magnetization curve at 10 around
the coercive force He is less steep and the nagnetic interaction between
magnetic particles constituting the magnetic |ayer is decreased. The
adsorption of oxygen on the surface of the rutheniumunderlayer 5 has been
denonstrated to facilitate read- wite on a magnetic recording |layer. 15 Table
3 shows the coercive force of a nediumconprising a Co- Si02 / Pt magnetic
l'ayer of the platiemir O'Thése bamtsseravsimuliteady divehapgad apd a medi um
conprising a Co-B / Pt nmagnetic |ayer based on conventional technology. The
Co-B / Pt m@pﬁﬂ:té}*eldas)(r‘?ﬁlé/\ﬁ%a%ﬁl?, flepbsitel €%-8a0L Nayd10Anti 4 Plefineen B | ayers
that are boron- containing cobalt |ayers, and platinumlayers. The underl ayer

for the Co- Biydy FRGPRLLELY. 2YRE g@siﬁ@ﬁ iofgﬁbl(ﬁétﬁfs-ite%d_)agi@z fayers

sanpl ecoer ci vesquar e- sat urat 1 onnucl eat i1 ongradi ent ‘force

1 coB P 5 001 3B BBoR) AR PEQRREIERRE Bl comppsition f therfarester oi ve

boen demobet PSERdONReP NG v LayRAEr, 58 SpAHEh g s FBR YT sl e

than 1,000 o%rgglqege%r af heﬂllt'es%u% Jt 5 Pa at room temperature. Thickness of

each of the Co-SiO: layers was 0.3 nm, and thickness of each of the

platinum layers was 0.1 nm.

10 Finally, a protective layer 7 of a nitrogen-doped carbon (C: N)
film was formed on the top surface of the magnetic layer 6 by a
sputtering method. The sputtering was conducted to a film thickness
of 7 nm under argon gas pressure of about 1 Pa and at room
temperature.

15

Fig. 8 illustrates an effect of the crystal orientation control layer
included in a perpendicular magnetic recording medium according to
the present invention. Fig. 8 shows an X-ray diffraction pattern
obtained on a sample prepared by sequentially depositing first and

20 second seed layers of tantalum and NiFeCr respectively, a ruthenium
underlayer 5, and a Co-SiO2 / Pt magnetic layer 6 of a multilayered
lamination structure. As apparent from the figure, solely observed
diffraction from the ruthenium underlayer 5 was the diffraction from

(002) plane, which indicated that the orientation control layers (3 and
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magneti zation curve is remarkably decreased from8.5 to 1.8. As shown above,
a perpendi cul ar magnetic recordi ng nedi um has been obtained that exhibits

si mul t aneously high coercive force and gentle 10 gradient in a magneti zation
curve by provision of a nultilayered Ilamnation of alternately |ayered
Co-Si 2 layer and platinum|ayer on a rutheniumunderlayer 5. Table 4 shows
evaluation results of crystalline nmagnetic 15 anisotropy for these two types

of perpendi cu) @ffdFRBARY IVeoFlRSPFEH BhxiTRFidntdi?6 8 Of thal it hehiangr ystal line
magneti c ani sotropy constant (Ku) neans higher thermal stability of a nmedium

Tabl e 4 sanphgiib & sc) Pt/ (CoB/Pt)5.0 x 106 Ru/(CoSi 2/ Pt)5.3 x 106 35 As
apparent from Table 4, the Ku value of the Co-SiQ2 / Pt nmagnetic |ayer
according to the invention is a little larger than the Ku value of the
Co-B/ Pt, indicating inprovenent in thermal stability by the invention. Thus,

modi um of "the | by SHCREASEEER et PRV BERSLReLBtiol e Sk GalBaRt Bhna
bt put . ufi ciibpa i Rpinmt AR 1 o rRovE n e B A en: T onal
product and %%tgiqﬁ/ee& E)relda perpendicular magnetic recording medium
manufactured by the above-described method according to the
invention. Unit of the abscissa is ‘Oe’ and unit of the ordinate is ‘emu’.
The figure indicates that the gradient of the magnetization curve at
10 around the coercive force Hc is less steep and the magnetic
interaction between magnetic particles constituting the magnetic
layer is decreased. The adsorption of oxygen on the surface of the
ruthenium underlayer 5 has been demonstrated to facilitate read-
write on a magnetic recording layer.
15
Table 3 shows the coercive force of a medium comprising a Co-
SiO2 / Pt magnetic layer of the invention in comparison with the
coercive force of a medium comprising a Co-B / Pt magnetic layer
based on conventional technology. The Co-B / Pt magnetic layer was
20 a multilayered lamination film of Co-B layers that are boron-

containing cobalt layers, and platinum layers. The underlayer for the

Co-B/Pt magnetic layer was a platinum layer.
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product. The abscissa of the graph represents linear recording density and the
ordinate represents TAA (Track Average Anplitude). The neasurenent was
conducted using a ring head for an |ongitudinal magnetic recordi ng medi um
The conventional product 15 conprising a |am nation consisting of Co-B | ayers
and platinum |ayers on a platinumunderlayer was possible up to only the
limted recording density of around 400 kFCl, while the invented product
conprising a Tgplggti on consisting of Co-SiOQ2 | ayers and platinum |ayers on a
rut heni um under| ayer was possi ble to detect playback 20 signals up to 540 kFC
or higher recording density. Thus, it has been shown that playback is
possible in the high linear recording depsity Fig 1] illustrates the nedia
noi se, which i s samphsl- w | teercivasaptare 5t isaturationr e noeledtaon ¢igradiemngl
product and {the 36 invent efhppdqult nedde| ARTHIcIPAM1bn] el IPA 1 epr esents

I M R A T YT T s
ent a

recordi ng madiBf?/KC‘PBéPa)n glr-Qdu:t 5 &dborisimg 4,988 nat i ohdof
layers and dIRGA(CeBiO3E)$ 6Rg0 pl at.onum undggdmyer shovegpogecreaseg ne
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5 the invention has been demonstrated higher than that of the Co-B /
Pt magnetic layer by more than 1,000 Oe. The gradient a of a
magnetization curve is remarkably decreased from 8.5 to 1.8. As
shown above, a perpendicular magnetic recording medium has been

obtained that exhibits simultaneously high coercive force and gentle

10 gradient in a magnetization curve by provision of a multilayered
lamination of alternately layered Co-SiOz layer and platinum layer on
a ruthenium underlayer 5.
Table 4 shows evaluation results of crystalline magnetic
15 anisotropy for these two types of perpendicular magnetic recording

media. Larger value of a crystalline magnetic anisotropy constant

(Ku) means higher thermal stability of a medium.

Table 4
sample Ku (erg/cc)
Pt/(CoB/Pt) 5.0 x 108
Ru/(CoSiO/Pt) 5.3 x 108
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noi ses than the conventional product in the whole linear recording density
range. In addition, increase of the noise was observed up to the |inear
recordi ng density of 540 kFCl, confirmng sufficient read- wite perfornmance.
15 Fig. 12 illustrates the SNR, which is a read-wite characteristic,
measured on the conventional product and the invented product. The abscissa
of the graph represents linear recording density and the ordinate represents

SNR. Thi s neasur Asetgpaventafirem Geitdect, ethe B wishuegofithié Wp-5¢@d /Ryr  an
| ongi tudi nal nagnetic recording medium The invented product conprising a

| ami nati on oim&@n&iicdal ey acsordihg £ ehé itveheiver s s hvkdargerthabl thdii gher SNR

in the whole range of linear recording density than the conventional product

conprising & 331880feReCoBWAR, i AN RITiAS Inprdvenvent ay ¢hernallbthbdityhvent ed
37 product also denonstrated sufficient réad-wite ability up to the 'linear

recordi ng depgi fiye MverftQokF@hub! s rigﬁﬁfia%ﬁﬂﬂicr ddtebisted gropsti tution of

a perpendicular 5 nagnetic recordihg ne according to the present

contri bur2 ¢ 8erpEpdidaldna BRI R NE hEL IR AEOR R SRR M e Ben
magnet i ¢ 1 ecapdlo; dEALUI LRI & Bnve AR AT e ARV aghsieate 1 and

the layers | amn
recording medium.

Fig. 10 illustrates readback signal output, which is a read-write

10 characteristic, measured on a conventional product and an invented
product. The abscissa of the graph represents linear recording
density and the ordinate represents TAA (Track Average Amplitude).
The measurement was conducted using a ring head for an
longitudinal magnetic recording medium. The conventional product

15 comprising a lamination consisting of Co-B layers and platinum
layers on a platinum underlayer was possible up to only the limited
recording density of around 400 kF'CI, while the invented product
comprising a lamination consisting of Co-SiOz layers and platinum
layers on a ruthenium underlayer was possible to detect playback

20 signals up to 540 kFCI or higher recording density. Thus, it has been
shown that playback is possible in the high linear recording density.

Fig. 11 illustrates the media noise, which is a read-write

characteristic, measured on the conventional product and the
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substrate in sequence including a soft magnetic backing |ayer 2 of CoZrNb, an
orientation control |ayer (3 and 4) of double |ayer structure, an underl ayer
5 of ruthenium and a magnetic layer 6 that 15 is a nultiple of |amnations of
Co-Si 2 layers and platinumlayers. The orientation control |ayer of the
Example 4 enploys a first layer of tantalum and second | ayer of N FeNbB | ayer
4. The al um num substrate 1 in the Exanple 4 has a dianeter of 95mm (about

3.5 inches) ianented birodnets Tife abseissh@fdhet hyeash aeptregerssdinégr 20 t hi ckness
are not essential. The alum num substrate can be replaced by a glass

substrate. Thecomtinicodénsityhid ehevrddhatd e prodesndittiel avisendleid ¢ recording
mediumwi | | be described bel ow. 38 After adequately cleaning the substrate, a

soft magnet i gndaGltdient YRS a?sd"@énﬂ%ﬁ@ﬂu@[hg Beriﬁ%éé&tf_@r\éﬁnt h a soft
magnetic CoZrNb film by a sputtering nethod. The Sputtering target used here

has a conpos iléﬁgiltlu%ﬁ;[lﬁlf gﬁén Bé8c ];regggtﬁr)]ﬂrﬁzﬁlé difindt PP cordPEnEBYA] Profdctas o

conducted to a SS 0 at the room tenperature™ using o
DUt Lt g SopER By A S SO i SRR A m o b
o PO el YRASTRE & TP ahip T oct 2
film The t a&'g(e:érdi%sgeger\i\lgi%y%%rg?ofl %ty%ln%OE %Fﬁ‘iﬂrtl&{cla%ﬂlé\@ﬁs& 10%1% ed to a
read-write. Moreover, the magnitude of the noise itself was large. In
contrast, the invented product comprising a lamination of Co-SiO2
10 layers and platinum layers on a ruthenium underlayer showed lower
noises than the conventional product in the whole linear recording
density range. In addition, increase of the noise was observed up to
the linear recording density of 540 kFCI, confirming sufficient read-
write performance.
15
Fig. 12 illustrates the SNR, which is a read-write characteristic,
measured on the conventional product and the invented product. The
abscissa of the graph represents linear recording density and the
ordinate represents SNR. This measurement was also conducted
20 using a ring head for an longitudinal magnetic recording medium.
The invented product comprising a lamination of Co-SiO2 layers and
platinum layers showed remarkably higher SNR in the whole range

of linear recording density than the conventional product comprising

a lamination of Co-B layers and platinum layers, and the invented
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t hi ckness of 5 nmat roomtenperature using argon gas at a pressure of about
1 Pa. 15 Subsequently, a second seed |layer 4 of a Nl FeNbB | ayer was deposited
by sputtering on the tantalumfilm The target used was 79 at% N - 12 at% Fe
- 3 at%No - 6 at% B. The sputtering was conducted to a thickness of 30 nm
usi ng argon gas under a pressure 20 of about 1 Pa at roomtenperature. On this
Ni FeNbB | ayer, an underlayer 5 of a rutheniumfilmwas deposited by

sputtering. phredust adlo deftbnisated suffitieeni rend-wiete abilityenpre thes conduct ed
to a thickness of about 20 nmusing argon 39 gas at a pressure of about 4 Pa

at room t enpRia Rcotth S Hehasts of 540NEFCus deposited rutheni um underl ayer
was exposed to a gas atnospheré of Ar + 2% 02 in a relative nass flow rate
under a pressure of 1 Pa for about 10 seconds so as to adsorb proper anount 5
of oxygen on the rutheniumsurface. On the rutheniumunderlayer 5 forned is a
magnetic | ayer 6 I i I-ent- i m nation

02 Ty iy bbD IPELRBREAIEAS o YoRkuPRtich e rerBpEiEd e

filmof Co-Si02 Ion of arget used for

LFS fﬁ'esi;%ﬁ%@%%ﬁ%ﬁ%rﬁ%@ﬁ%% (ha asp R B Fle MrlipPTpie ifon 8,07 &
pl at1 num e %wotar ets _were

While rotati Apectead RREOY yeadpueite AneteHisti Rt AR oHTbRIE {67 o

enhance recording density.

Example 4

10 A perpendicular magnetic recording medium in Example 4
comprises an aluminum substrate 1 and the layers laminated on this
substrate in sequence including a soft magnetic backing layer 2 of
CoZrNb, an orientation control layer (3 and 4) of double layer
structure, an underlayer 5 of ruthenium, and a magnetic layer 6 that

15 is a multiple of laminations of Co-SiO2 layers and platinum layers.
The orientation control layer of the Example 4 employs a first layer of
tantalum and second layer of NiFeNbB layer 4. The aluminum
substrate 1 in the Example 4 has a diameter of 95mm (about 3.5
inches) and a thickness of 1 mm though the diameter and the

20 thickness are not essential. The aluminum substrate can be replaced

by a glass substrate.

The manufacturing process of the perpendicular magnetic

recording medium will be described below.
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and a platinumlayer repetitively. The sputtering was conducted 15 using argon
gas at a pressure of 5 Pa at roomtenperature. Thickness of each of the

Co-Si 02 layers was 0.3 nm and thickness of each of the platinumlayers was
0.1 nm The conposition of the Co- Si02 layers was 91 mol % Co - 9 nol % Si Q2
or 94 mol % Co - 6 mol % SIi 2 reflecting the conposition of the target. 20
Finally, a protective layer 7 of a nitrogen-doped carbon (C. N) filmwas

formed on the toAfirddeguately desnpnethe subgerate, byseft mpghleeid backeighod
using a target of carbon and a sputtering gas of Ar + 4 % N2 in relative nass

flow rate uniigye2nias forRetfombRdtsubsbiaty with hosuft eapacticlCeZrNbdilm 3( a)
and Fig. AN are planar TEMinages illustrating the dianeter of nagnetic

particles an%tvtzi'gpﬁittﬁﬂingfm@t)ﬂﬂag et @p%eéﬂing thepataskdi HetdBaer Si O2 | ayer
constituting the magnetic layer 6. Fig. 13(a) is on a sanple containing SiQ2

e L L
6 % i i i i . d
Edéo gang}/vi( Gpfaypted ko 20lLR RERELS T AI) fim AEARE D Tebmpe gl ) + N o

g ol % (Ei 0. . . el ¢
56 nm and. o CHULR RiibFrigE &4 o AeBnaRny rb I ht AbofBAPY CPhBIL: et % ends
to give smal lC%Zr%ﬁ?ﬁtn?réx%fibﬂ%ga{}fet(ilfate soft magnetic performance despite the

film is in an amorphous state and is deposited at room temperature.

10 Subsequently, a first seed layer 3 of a tantalum layer was
deposited by sputtering on the CoZrNDb soft magnetic film. The target
used was pure tantalum. The sputtering was conducted to a
thickness of 5 nm at room temperature using argon gas at a pressure
of about 1 Pa.

15

Subsequently, a second seed layer 4 of a NiFeNbB layer was
deposited by sputtering on the tantalum film. The target used was 79
at% Ni- 12 at% Fe - 3 at% Nb - 6 at% B. The sputtering was
conducted to a thickness of 30 nm using argon gas under a pressure

20 of about 1 Pa at room temperature.

On this NiFeNbB layer, an underlayer 5 of a ruthenium film was
deposited by sputtering. The target used was pure ruthenium. The

sputtering was conducted to a thickness of about 20 nm using argon
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particles and wi der grain boundary. Cenerally, a small grain size of 15 the
magnetic particles inplies reduced magnetic interaction between nmagnetic
particles and intensified isolation of individual magnetic particles, which
are favorable to direct to high recording density. Fig. 14 illustrates
variation of magnetic characteristics in 20 relation to variation of thickness
of a platinumlayer that is a noble netal |ayer 6b. Fig. 14(a) shows

dependence ofga@%ﬁlp\t@sé@f@@fﬁﬁo%4Plaeapk@émnwﬁabemdﬂy cFhessurfasslofi 9. AN
shows dependence of gradient a of the magnetization curve on the platinum

filmthickneghe thﬂ%edéﬁo‘e Eéd'?u‘ﬁﬁénﬁlﬂpﬁn@%rf’égeﬁ' Whaldxpodet o igiisckness of

0.12 nm 41 whlle t he was zero when the tHi ckness was zero, WhICh nmeans a

platinumfil g, eFHfOAf(ic qﬁg % Q}neid;% g%t;it@ﬁgﬁaggm%@ rhfe Jcm%% at a

platinum fil mt kness o creased wt I ncrease of

the 111m thi chpess . 803 Po YO HBoR10 oo dhad U5 ol & AAUSTIP DO it gifess ©f

0.12 nm wt ncrease w i NCrease

t hi ckness di nal he nner_the Iatlnum filmis, the better |n Vi ew
of the a éal ﬁi% gg%%qthﬁrﬁqtﬁe@mgggug & he plati num | ayer was 0.12 nmin
this specific exanple. 10 Fig. 15 illustrates variation of nmagnetic
characteristics i n relation to vari ati on of thickness of the N FeNoB | ayer 4.
Fig. 15(a) sho ses t 400 KFC ch,.is a.,.ead-wite .charac tic.
Fig. 15(b) sho IS gHthepiympn ?Hl@ gﬁé raedig a magnetic layer til

shown for conparison i case a N Fe ayer nm thic )
rlrg a perpen(ﬁcui]arly or?enteci mlcl:{tlfayeredjlamlnatlon l%ﬂm of Co-SiO2

/ Pt by sputtering. The composition of the target used for the Co-SiO2

10 layer was 91 mol% Co - 9 mol% SiOzor 94 mol% Co - 6 mol% SiOy;
and the composition of the target used for the platinum layer was
pure platinum. These two targets were simultaneously discharged
and sputtered while rotating, to alternately deposit a Co-SiO2 layer
and a platinum layer repetitively. The sputtering was conducted

15 using argon gas at a pressure of 5 Pa at room temperature.
Thickness of each of the Co-SiO: layers was 0.3 nm, and thickness of
each of the platinum layers was 0.1 nm. The composition of the Co-
Si02 layers was 91 mol% Co - 9 mol % SiOzor 94 mol% Co - 6 mol%
Si02 reflecting the composition of the target.

20

Finally, a protective layer 7 of a nitrogen-doped carbon (C: N)

film was formed on the top surface of the magnetic layer 6 by a
sputtering method using a target of carbon and a sputtering gas of Ar

+ 4 % N2 in relative mass flow rate under a pressure of about 1 Pa at
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15 provided in place of the N FeNbB | ayer. As shown in Fig. 15(a), the noises
attenuate when the thickness of the Ni FeNoB |l ayer is increased from 10 nmto
30 nm The noise level for the Ni FeNbB | ayer having thickness of 30 nmis

| ower than 20 that for the N FeCr |ayer having thickness of 10 nm Fig. 15(b)
shows that the SNR values for the case provided with the Ni FeNbB | ayer are
hi gher than the SNR for the NiFeCr layer 10 nmthick, independently of the
filmthicknessoni témpehtePhB | ayer. 42 As described above, it has been shown
that the grain size of the nagnetic particles and the width of the
nonmagneti ¢ grain boundary can be controlled by controlling SiQ2 content in
the cobalt layer; that a high He value can be achieved by optimzing the

pl atinum | ayer SEidhi ckRISSid ﬁ? 19&8 R ﬁﬁnﬁT@iﬁﬁge@ﬂmgﬁwﬁ thY¥

replacing the layer di sposed Just beneath t eni um | ayer of tThe N FeCr

layer — in EXgiRhfotdr Y rhﬁgheki]%{a’;fért?éle@ia{:ﬁd\“ﬂﬁe 'ﬁ%ﬁ'rl]l Ji‘)néﬁxl}ﬁqé’%rg@r?ié %irﬁi‘ni n this

Exanpl e 4. Thus, a perpendi cu magneti1c reco g nedi e provi ded

recor di nob meReUREE AR 808N el BT B R TR EL SRR o0 ©
ander | ayer 5 k) if 98 iR EmETErEabFind HEDe Bt T BT b, The
compositions 13(b) is on a sample containing SiO2 additive of 9 mol%. Analysis on
the TEM images indicated that the sample of SiO2 additive of 6 mol%
(Fig. 3(a)) had a mean diameter of magnetic particles of 7.1 nm and a
10 mean width of grain boundary of 1.5 nm, while the sample of SiOz
additive of 9 mol% (Fig. 3(b)) had a mean diameter of magnetic
particles of 5.6 nm and a mean width of grain boundary of 1.6 nm.
More SiO2 content tends to give smaller diameter of magnetic
particles and wider grain boundary. Generally, a small grain size of
15 the magnetic particles implies reduced magnetic interaction between

magnetic particles and intensified isolation of individual magnetic

particles, which are favorable to direct to high recording density.

Fig. 14 illustrates variation of magnetic characteristics in
20 relation to variation of thickness of a platinum layer that is a noble
metal layer 6b. Fig. 14(a) shows dependence of coercive force He on
the platinum film thickness, and Fig. 14(b) shows dependence of
gradient a of the magnetization curve on the platinum film thickness.

The Hc value was 6,000 Oe at a platinum film thickness of 0.12 nm,
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of the targets used were 91 mol % Co - 9 nmol % Si 2 and pure palladium These
targets were sinmultaneously discharged and sputtered while rotating, to
alternately deposit a Co-Si2 |ayer and a palladiumlayer repetitively. The
sputtering was conducted using 20 argon gas at a pressure of 5 Pa at room
tenperature. Thickness of each of the Co-Si2 |ayers was 0.3 nm and

t hi ckness of each of the palladiumlayers was 0.72 nm Fig. 16 illustrates
vari ati on of wisigemehedIchasiagess ndidie $the thddknesatwiaszdro, wahickt meamfat hi ckness
of a palladiumlayer that is a noble netal |ayer 6b. Fig. 16(a) shows

dependence oplgtianeh fHn ¥ ££nbe providéd. [AHd &b valdd deetdiseldngs$, 20006 g.
16(b) shows dependence of gradient a of the nagnetization curve on the

pal I adi um fi bind BlakAASS fill ThRKR$DUB 25NE hE aFes fudtHer dsaeasedakithhe
pal | adium filmthickness to reach a saturation value of 5 500 Ce at the

t hi ck f

[ nhgpgﬁzzn? I 31/19%%6%‘8? hr%f t}%]fﬂlgll um F ?]llér??? W ﬁg\gagﬁlevﬁl glat5 ;sar}gﬂg%hlﬁlggfgflt ly weak
megnetic gl ”?‘Ijaf‘f};%ic‘?{h %t g ‘?%it% Q%hﬂ% ‘é? tolelcF Sse Withli hE?éz{saet es the
effect of the eniumu ayer ormance o

a nagnetic

o) <6, i cﬁfihé’%lﬁtﬁﬂlmﬁﬂ'é LG AR .“ég‘fh%%ﬁf:f ShepIttrtimone

SR The 4ol g115:0 G B8P R TS R Rk D e aver

the platinum layer was 0.12 nm in this specific example.

10 Fig. 15 illustrates variation of magnetic characteristics in
relation to variation of thickness of the NiFeNbB layer 4. Fig. 15(a)
shows noises at 400 kFCI, which is a read-write characteristic. Fig.
15(b) shows SNR at 400 kFCI. The magnetic characteristics are also
shown for comparison in the case a NiFeCr layer 10 nm thick was

15 provided in place of the NiFeNbB layer.

As shown in Fig. 15(a), the noises attenuate when the thickness
of the NiFeNbB layer is increased from 10 nm to 30 nm. The noise
level for the NiFeNbB layer having thickness of 30 nm is lower than

20 that for the NiFeCr layer having thickness of 10 nm. Fig. 15(b) shows
that the SNR values for the case provided with the NiFeNbB layer
are higher than the SNR for the NiFeCr layer 10 nm thick,
independently of the film thickness of the NiFeNbB layer.
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al so shown for conparison. As apparent fromFig. 17(a), the underlayer of a
platinumfilmor a palladiumfilmcauses much noise and does not allow
sufficient read-wite in the region of high recording density. In contrast,
the use of the rutheni umunderlayer 20 acconplishes | ow noi se and sufficient
read-write in the high recording density region. The SNR data shown in Fig.
17(b) al so shows excellent performance obtained by the use of the ruthenium
underl ayer. 44 FAg.dd¥ribddiaboateit hhe beeadkshewhelaitatrcgeainssizesofndrsur ed on
t he perpendicul ar nagnetic recordi ng medi um having a nagnetic | ayer of

Co-Si @2 / Pt mabhetieyi@iclesdinibtheRvidithustt tHeenehnix@hatie ghadh bogddryvent i on
and t he perpendicul ar magnetic recordi ng nedi um having 5 a perpendi cul ar

magnetic | ay@andhe eonttdled b§LomtrbIRY &i€4 cofBhb3hithl &dbalel4yer;afhdexanpl e 5
of the invention. Fig. 18(a) gives readback signal output (TAA), Fig. 18(b)

gi ves the nokskigh v cad HehcHiRY bhoRHIRiRYl thd Bafifashases! onal

out put and the Ises are smaller 1nt pen magnet 1 ¢ Yecordi ng

o o O BB PR S R R L
Lhe et Pen syl ANEL 5 Al AP e SRR B TSN BB
TR A £ e M R N i N

Example 4. Thus, a perpendicular magnetic recording medium can

be provided that achieves higher recording density.

10
Example 5

A perpendicular magnetic recording medium of Example 5 has

nearly the same construction as that of Example 4, except that the
magnetic layer 6 that is provided on the underlayer 5 was a

15 multilayered lamination structure of Co-SiO2/ Pd. The compositions
of the targets used were 91 mol% Co - 9 mol% SiOz and pure
palladium. These targets were simultaneously discharged and
sputtered while rotating, to alternately deposit a Co-SiO: layer and a
palladium layer repetitively. The sputtering was conducted using

20 argon gas at a pressure of 5 Pa at room temperature. Thickness of
each of the Co-SiO2 layers was 0.3 nm, and thickness of each of the

palladium layers was 0.72 nm.

Fig. 16 illustrates variation of magnetic characteristics in
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of a ruthenium underl ayer, a perpendicul ar magnetic recording nedium of
excel l ent performance. Exanple 6 20 A perpendi cul ar nmagnetic recordi ng nedi um
in this Exanple 6 conprises an alum num substrate 1 and the |ayers |am nated
on this substrate in sequence including a soft magnetic backing | ayer 2 of
CoZr Nb, an orientation control |ayer of double |ayer structure consisting of
a tantalumlayer 3 and a Nl FeCr | ayer 4, an underlayer 45 5 of ruthenium and

a magnetic | agkrtiénttbataristiannof thipkees$ oflsaphtladiensloferciix is 4 apdle of
Co-Si 2 and platinumlayers of Pt- SiQ2. A carbon filmwas used for a

protective | ayetallayer Bte Figui @G wHows depeadepicetdtl oepelviecfodice Habnmagnet i ¢
recording nediumis as follows. The al um num substrate 1 has a dianeter of

95mm (about $hb Pltd@imIMn aHitk&RE S @Fis. MTBHNhERs ddprriictitrter and the

t hi ckness are not essential. A glass substrate can be used as well. 10 After

adequately c Iggga & &heg tgl'éblitarg?fe%gijagi% %?%b’e ’??F’ﬁqé Wllatlﬁﬁﬂ P 8H ke dd@s

formed on th ubstrate depositin a sputtering nethod. The

2192, 025 OIS Rt BSOS YA Al B Pt

at % Nb. The sputtering was ucte m ckness nmat the

Toom tenper agyly ach BEt PSR VA18e 4% 80070OU%Y fle ERRIGRIY G @723Rgut 1 Pa.

On the other hand, the a value is about 2 almost independently on
the palladium film thickness, indicating satisfactorily weak magnetic
interaction between magnetic particles.

10

Fig. 17 illustrates the effect of the ruthenium underlayer 5 on

magnetic performance of a magnetic layer 6 of Co-SiO2/ Pd
multilayered lamination structure. Fig. 17(a) shows noise, which is a
type of read-write characteristic, and Fig. 17(b) shows SNR. The data

15 for the cases of platinum underlayer and palladium underlayer are
also shown for comparison. As apparent from Fig. 17(a), the
underlayer of a platinum film or a palladium film causes much noise
and does not allow sufficient read-write in the region of high
recording density. In contrast, the use of the ruthenium underlayer

20 accomplishes low noise and sufficient read-write in the high recording
density region. The SNR data shown in Fig. 17(b) also shows
excellent performance obtained by the use of the ruthenium

underlayer.
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CoZrNb film
i n an anor ph
first seed
CoZrNb film
to a thickne
about 1 Pa.

exhi bits adequate soft nagnetic performance despite the filmis
ous state and is deposited at roomtenperature. 20 Subsequently,

ayer 3 of a tantalum|ayer was deposited by sputtering on the

The target used was pure tantalum The sputtering was conducted
ss of 3 nm at roomtenperature using argon gas at a pressure of

Subsequently, a second seed |ayer 4 of a Ni FeCr | ayer was

a

deposited 46 by Fput1&illastwitet the teadt-aitrite thieacteTiti¢angeisuredbonghe 60 at %
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18(c) gives the SNR. Both the readback signal output and the noises
are smaller in the perpendicular magnetic recording medium having
a perpendicular magnetic layer of Co-SiOz / Pd multilayered
lamination structure. However, the SNR is equivalent to the
performance in the perpendicular magnetic recording medium having
a magnetic layer of Co-SiOz / Pt of multilayered lamination structure.
Thus, a perpendicular magnetic layer of a Co-SiOz / Pd multilayered
lamination structure can provide, in combination with the provision
of a ruthenium underlayer, a perpendicular magnetic recording

medium of excellent performance.

Example 6

A perpendicular magnetic recording medium in this Example 6
comprises an aluminum substrate 1 and the layers laminated on this
substrate in sequence including a soft magnetic backing layer 2 of
CoZrNDb, an orientation control layer of double layer structure

consisting of a tantalum layer 3 and a NiFeCr layer 4, an underlayer
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gradi ent of a nmagnetization curve at around He becones | ess steep and the
magneti c interaction between the particles constituting the 20 nagnetic | ayer
can be decreased. On this rutheniumunderlayer 5 forned is a perpendicularly
oriented magnetic layer 6 that is a nultilayered lamnation filmof Co-SiQ2 /
Pt - SIiQ2 by sputtering. The conposition of the target used 47 for the Co-S102
| ayer was 91 to 94 nmol % Co - 6 to 9 nol % Si A2 and the conposition of the

target used Hosf Fithdtium Shil d ayesnd€e 189er e thdl isa miiltiftedfO2. These two

targets were sinultaneously discharged and sputtered while rotating, to
al ternately sﬂ&ﬂﬁﬁhﬁo@ls@f&@tlﬁyéﬁ oP G810, Bnd pﬁit‘ﬁ%uh@l’%{refse@PPH' vely. The

sputtering was conducted using argon gas at a pressure of Pa at room
tenperature. Q;Mi C fer < S 0.3 nm and

thi ckness of S0k e SRt Bofl AR e CloE s Brbec . 0 Final 1y, a
protective layer 7 of a nitrogen-doped carbon (C. N) filmwas fornmed on the

top surface of the nmagnetic layer 6 by a sputtering nethod using a target of
carbon 2. @ SO e melt o BRI 2 g U @
{hree type oL2BELPRIREH 3 oTHIBHS TRERHEHSMIEE AR L AR 0 1o
of medi a Con%riélfneeste% or%agg?rgxinc(about 3.5 inches) and a thickness of 1 mm though
the diameter and the thickness are not essential. A glass substrate
can be used as well.
10
After adequately cleaning the substrate 1, a soft magnetic
backing layer 2 was formed on the substrate depositing a CoZrNb
film by a sputtering method. The target used here for sputtering has
a composition of 87 at% Co - 5 at% Zr - 8 at% Nb. The sputtering was
15 conducted to a film thickness of 200 nm at the room temperature
using sputtering gas of argon at a pressure of about 1 Pa. The

CoZrND film exhibits adequate soft magnetic performance despite the

film is in an amorphous state and is deposited at room temperature.

20 Subsequently, a first seed layer 3 of a tantalum layer was
deposited by sputtering on the CoZrNb film. The target used was
pure tantalum. The sputtering was conducted to a thickness of 3 nm
at room temperature using argon gas at a pressure of about 1 Pa.

Subsequently, a second seed layer 4 of a NiFeCr layer was deposited
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| ayer of a nultilayered lam nation filmof 91 nol% Co - 9 Mol % SIiA2 / 20 95
nmol % Pt - 5 nol % Si Q2. Second of the three types of nedia conprises a
magnetic layer of a nultilayered lamnation filmof 94 nol% Co - 6 nol % Si Q2
/ 95 mol % Pt 5 nol % Si 2. Third of the three types of nedia conprises a
magnetic layer of a nultilayered lamnation filmof 91 nol% Co - 9 nol % Si Q2
[ Pt. In the cases where 48 Si2 content in the nmainly-cobalt |ayer of cobalt

layer is 9 mpy%puiterifg bAGHIEdhHbA IR lagend Bhewh¥ @Eu&@%vé@(aomat%! atinum
| ayer was obsServed | ower by 300 to 500 t han tha of the medi um w t hout

Si @2 addi ti veyj HpR&\tes Fe “25*’&&%@9 ’!“B%r%@t%nrf%{ﬁa%”éoﬂdhét@ﬁ 15 ém' nly-cobal t

| ayer of cobalt Iayer |s 6 nol % the He dium 1ncluding 5 nol % of
5102 th hgpvﬂa‘ @Qﬁ{ I '

iIIusItPat eg t e va ues o gra e te{ nééﬁé)}hr%ég}'ngg)@gtsyg%HF%BOEIE?IVE%%}%Und t he
He i nt obt d t
Fecor ding medvait peper BpRRE THE b TR eg, Vaial i RE Bt RERRHE NGREEE, ™7
ol ot st o i T corbittyb O qutetfpRRAL PR 1%55‘%% e ﬁ#ﬁbe%in red am
TOe ol o' dR9T-GRRih 95 i ndCHR 6T e R DR HERTSHPBSRNFS Y
magnetic layer of a nmultilayered lamnation filmof 91 mol% Co - 9 nol % Si A2
/| Pt, the neél‘il&gﬁel%é‘?b%h ng the Si2 additive in the

On this NiFeCr layer, an underlayer 5 of a ruthenium film was

10 deposited by sputtering. The target used was pure ruthenium. The
sputtering was conducted to a thickness of about 20 nm using argon
gas at a pressure of about 4 Pa at room temperature. The surface of
the thus deposited ruthenium underlayer was exposed to a gas
atmosphere of Ar + 2% O3 in a relative mass flow rate under a

15 pressure of 1 Pa for about 10 seconds so as to adsorb proper amount
of oxygen on the ruthenium surface. By using a ruthenium
underlayer 5 with adsorbed oxygen on the surface thereof, the
gradient of a magnetization curve at around Hc becomes less steep
and the magnetic interaction between the particles constituting the

20 magnetic layer can be decreased.

On this ruthenium underlayer 5 formed is a perpendicularly
oriented magnetic layer 6 that is a multilayered lamination film of

Co-SiO2 / Pt - SiO2 by sputtering. The composition of the target used
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pl ati num | ayer showed | ower a values by 0.15 to 0.4 in the whole 20 range of
the thickness of the noble netal |ayer. Considering that the a value

i ndi cates strength of nmagnetic interaction between nagnetic particles,
addition of Si@2 into the platinumlayer decreases degree of nagnetic
interaction between magnetic particles, and consequently reduces noises. 49
Fig. 21 illustrates dependence of magnetic ani sotropy constant Ku on

thi ckness of f&hegha@y-SitkNaYel WA 98Rof MM nRol¥e d!MECY P hs1% Bi(h IRdrBki C
| ayer of a nmultilayered lanination filmof 91 nmol% Co - 9 ml % SiO2 / 95 nol %

P - 5 ol % ebihduition GPEhe I fRiPhsed My Phe PTRISFOL fayél FasP95 dndlth! 1 | ayer ed
lam nation filmof 91 mol % Co -9 nol% SIQ2 / Pt. The two types of nedia
showed appr ox 0 I g L 0g: jitd Si 2
into the pl aﬁtﬁm%?‘%/sﬁi@ (')e'gH%? tﬁ@;?%llc%q% ﬁgéwugb%pgﬁaﬂ%%?ghgg}g&%%st rates
dependence of ! pient, i b : on the
medi um conpr F?lsrﬁlaﬁsgﬁ{g{tlrég‘sge%’ ﬁ%lglzrzg;g; Ty toaﬂ%ﬁﬁegye&eéao é{lgéegg@??u%s%&- Si Q2
/Pt contagnin 8 3.0 38~vgl % of _Sj. hn e cobalt .layer. Conversipon from
ol 06 1o, vl v B 107 ey pEhepetiEliglioc Pie SPEBerinE Ehn sPBUEIEN T ol 56 o
Si®2 /100 * vol_per nol of %i 02)*100 / le[)tiplo/of Si /100,* vol per nol of

Si op using argon gas at a pressure of 5 Pa at room temperature.

Thickness of each of the Co-SiO2 layers was 0.3 nm, and thickness of

each of the Pt - SiO2 layers was 0.07 to 0.25 nm.

10 Finally, a protective layer 7 of a nitrogen-doped carbon (C: N)
film was formed on the top surface of the magnetic layer 6 by a
sputtering method using a target of carbon and a sputtering gas of Ar
+ 4 % N2 in relative mass flow rate under a pressure of about 1 Pa at
room temperature.

15

Fig. 19 illustrates Hc of three types of a perpendicular magnetic
recording media in relation to thickness of a noble metal layer 6b of
each medium. First of the three types of media comprises a magnetic
layer of a multilayered lamination film of 91 mol% Co - 9 mol% SiOg /

20 95 mol% Pt - 5 mol% SiOz2. Second of the three types of media
comprises a magnetic layer of a multilayered lamination film of 94
mol% Co - 6 mol% SiOz / 95 mol% Pt - 5 mol% SiO2. Third of the
three types of media comprises a magnetic layer of a multilayered

lamination film of 91 mol% Co - 9 mol% SiO2 / Pt. In the cases where
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+ (1 - mol%of SIA /100) * vol per nmol of Co], 20 and Vol%of SIQ2 in a
plati numlayer _ (nol%of SiQ2 /100 * vol per nol of Si02)*100 / [nol % of
Si2 /100 * vol per nol of SIA2 + (1 - nol%of SiQ2 /100) * vol per nol of
Pt]. 50 The values of vol per nol of SiQ2, Co, and Pt are 23.11, 6.58, and
9.09 (cnB/nol), respectively. As is apparent fromFig. 22, the He value of a
medi um sharply 5 drops with increase of SiQ2 content in the cobalt |ayer.

This fact me@ig),tdaitehit 9A tie ﬁﬁm@y%ﬁanew&r&ﬂ MoIR1E A pebieowiemst e Si O2 is

intended to nmuch segregate in the ‘grain boundary regi on” between magnetic

part i cl es andifghablpinP{ndRARRLIECRAY bESIO, if MRIBNASAunI4 bt R Nt ent i on

of noi se reducti on Plustrates t SiKe addltlon into

pl ati num | ayef,qo P4 6w HE b‘ﬁf”‘éﬁﬁ to é’t?qbeg‘c’ﬁ:l??ctﬁ%ﬂﬁglq e na{ﬁ{ %ﬁ!ﬁé}lef the

geglza/ conprising a magnetrc ?yer e ayere m of Co-

Pt -

i3 1SRRI, P o nd P B TES, , °
t t f

medi um cBmprtaiTg cotiathlarse of ByBalt froRide Mo lecthe HEGE S s dhoifg & o

including 5 mol% of SiO2 in the platinum layer showed remarkably

high Hc values.

Fig. 20 illustrates the values of gradient a in the magnetization

10 curve around the He point obtained on the above-mentioned three
types of perpendicular magnetic recording media, in relation to the
thickness of noble metal layer 6b. It is apparent from the figure that
the optimum thickness of the noble metal layer exists to minimize the
a value for each type of medium. Comparing the medium comprising

15 a magnetic layer of a multilayered lamination film of 91 mol% Co - 9
mol% SiO2 / 95 mol% Pt - 5 mol% SiO2 with the medium comprising a
magnetic layer of a multilayered lamination film of 91 mol% Co - 9
mol% SiO2 / Pt, the medium including the SiO2 additive in the
platinum layer showed lower a values by 0.15 to 0.4 in the whole

20 range of the thickness of the noble metal layer. Considering that the
a value indicates strength of magnetic interaction between magnetic
particles, addition of SiO into the platinum layer decreases degree of
magnetic interaction between magnetic particles, and consequently

reduces noises.
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20 and a platinum|ayer not containing SiQ2, the He value abruptly decreases
with increase of the content of the SiQ2 in the cobalt |ayer. However, when
the platinumlayer also contains SiQ2 as well as the SiQ2 addition to the
cobalt layer, the decreasing rate of the He value is relaxed. Wen SiQ2 is
contained not only in the cobalt |ayers but 51 also in the platinumlayers,
| arger anmount of Si Q2 can be added in a nediumexhibiting the sanme He val ue

as a medium wit th% s ] mub&atEBQinge@{déﬂﬂ@ 6iaﬂleig?1etfé aRisqHpY cofRtgnamunt of
Si2 is segregated” in the grain boundary regioh between nagnetic particles

enhancing 5 haﬁmegnegs %?‘%Be”i‘?&ﬂ%txk%tgﬂégéij 6, fbf 30iddlifith BG hléf‘ré ?%JC“ on.

Advant ageous ect 0 e 1 nvention I bed so far, a perpen

anet ¢ recq S TR SRS S ARSI SR STORASY 267 0
fil d | b | |
1 oo, e 88 SRR ST PO LB
Ve 20d e PR LAY 5‘3%3%%@%@ AL o0

h | f.. f i ded
for rZBLEFESr hglaﬁg%era}?{t‘%ﬁqﬂé’@\ﬁégr az gdinatose Qppwé’fgﬁﬁ staveling the
adaor pt i on baFeve eposdirag ek fmﬂ%aﬁﬁﬁﬁgﬁéx@i Soispries Slaguee o
interaction between magnetic

layer does not degrade the Ku value.

10 Fig. 22 illustrates dependence of Hc value on SiO2 content in the
cobalt layer measured on the medium comprising a magnetic layer of
a multilayered lamination of Co-SiO2 /Pt containing 18 to 38 vol% of

SiO: in the cobalt layer. Conversion from mol% to vol% is done as

follows.
15
Vol% of SiO2 in a cobalt layer
= (mol% of SiOz /100 * vol per mol of Si02)*100
/ [mol% of SiOz /100 * vol per mol of SiO2
+ (1 - mol% of SiO2 /100) * vol per mol of Col,
20 and

Vol% of SiOz in a platinum layer
= (mol% of SiOz /100 * vol per mol of Si02)*100
/ [mol% of SiO2 /100 * vol per mol of SiO2
+ (1 - mol% of SiOz /100) * vol per mol of Pt].
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20 particles in the magnetic |ayer. Thus, a perpendicular magnetic recording
mediumis provided that exhibits high recording density and excellent
read-wite characteristics. 52 Clains 1. A perpendicular magnetic recording
medi um conpri sing: a nonmagnetic substrate and a nagnetic |ayer having a

mul tilayered | am nation structure 5 conposed by alternately |lam nating a

mai nl y-cobalt |ayer of a cobalt |ayer and a noble netal |ayer of a platinum

or pall adi unm}ﬁxy%luersemwpaﬁw 1efsi A5CoORAAIPPErefad. ﬂee%spfaﬂdlg ggbal t

| ayers and t he at i num or” pal | ad |um dyers containing at’ [east one el ement

sel ected fr?éﬁléﬂﬁoﬂri’é'ég&&yély'”g of Ru, Ta, Nb, M, My, C, Si, and Ni, or

at 10 | east one oxI e f pendi cul ar magnetic recor d| ng nmedi um accor di ng
to claiml, wherein the at Ieast one elenment or one oxide is contained in an
anount in a range froml to 15 at% 3. A perpendicul ar magnetic recordi ng

TR accer 8 DAL o i BOEL SR VY RS Sha AL,
o 51 ol by ceni s o o PR A, 202
t L?L[Iﬁei A .“ n 246h oat Feh 16 Ypgus hechrmembaztisn atiaipgble wien the ik is
intended to much segregate in the grain boundary region between
magnetic particles and isolation of magnetic particles is enhanced
with the intention of noise reduction.
10
Fig. 23 illustrates the effect of SiOz addition into platinum layer
on the He value. The figure compares the Hc values of the media
comprising a magnetic layer of a multilayered lamination film of Co-
SiO2 /Pt - SiO2 with the Hc values of the media comprising a magnetic
15 layer of a multilayered lamination film of Co-SiO2 /Pt that does not

contain SiOz in the platinum layer.

As is explained above with reference to Fig.22, in the medium
comprising a magnetic layer including a cobalt layer containing SiO2
20 and a platinum layer not containing SiO2, the Hc value abruptly
decreases with increase of the content of the SiOz in the cobalt layer.
However, when the platinum layer also contains SiO2 as well as the
Si02 addition to the cobalt layer, the decreasing rate of the Hc value

is relaxed. When SiO; is contained not only in the cobalt layers but
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nobl e net al
per pendi cul

| ayers has a thickness in a range from0.05 to 1.2 nm 5. A

ar magnetic recordi ng nedium according to any one of clains

through 4 further conprising an underl ayer between the nmagnetic |ayer

substrat e,
per pendi cul
under | ayer

1
and t he

the magnetic |ayer 53 being fornmed directly on the underlayer. 6. A

ar magnetic recording nmedi umaccording to claim5, wherein the

is substantially corrposed of a platinumfilm a palladiumf

r ut heni um 1 1310 o tAeRlIAk] SRR AE O] 0 e FUddd ifta

per pendi cul

ar rragnetl recordin rrebll according to al mb5 or claim

e SRR S HA AR 00T

per pendi cul
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A
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Subst rat 6 L‘n‘éhFﬁfé 2 ByRPsT S e ah Adye C%ﬂé“)' SO 1,

under | ayer.

endi cul t di di
8, wher i n twa tﬁﬁper B GHR ARy REh BV PECBABRSUE BRTHCES (e

first seeg
seed | aye

and ond seed | a nd,.a conposition of the sec
: addlation efjeach Juagnobic patticke eqing ta perse Fequgt UBRystal axis.

10. A perpendicul ar magnetic recording nmedium according to claim9, wh
the first seed |layer is conposed of a tantalum| ayer

10

15

20

Advantageous Effect of the invention

As described so far, a perpendicular magnetic recording medium
according to the present invention comprises a magnetic layer that
has a basic structure of a multilayered lamination film composed by
laminating a cobalt layer and a platinum layer (or a palladium layer)
repetitively, at least one type of layers of the cobalt layers and the
platinum layers (or the palladium layers) containing an oxide of an
element, for example, silicon. Besides, the magnetic layer having
such structure is formed on an underlayer of ruthenium, for example,
provided for reducing magnetic interaction between magnetic
particles constituting the magnetic layer. The surface of the
underlayer is treated for oxygen adsorption before depositing the
magnetic layer to suppress magnetic interaction between magnetic
particles in the magnetic layer. Thus, a perpendicular magnetic
recording medium is provided that exhibits high recording density

and excellent read-write characteristics.
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20 and the second seed | ayer is conposed of a |layer selected froma N FeCr

| ayer, a Ni FeNbB | ayer, and a Ni FeSi |ayer. 11. A perpendicul ar magnetic
recordi ng medi um according to claim9 or claim 10, wherein a thickness of the
first seed layer is in the range from1l to 10 nm and a thickness of the
second seed layer is 54 in the range from5 to 20 nm 12. A perpendicul ar
magneti ¢ recordi ng nmedium according to any one of clainms 9 through 11 further
conprising acgqfhsmagnetic backing | ayer between the substrate and the first
seed layer. 5 13. A perpendicul ar nagnetic recordi ng nmedi umaccording to

claim12, V\,hqr eint %@Qﬁg\%@%@&{%&%w&é& gilﬁeﬂ O&ﬁﬂp‘i’{siﬁgi CoZr Nb

alloy or a CoZrTa al ss 1n the“range from 50 to 400 nm

14. A method for_nany j j cul ar magnetic 10 recordi ng nedi um
conprising a ste% o ugg(})’gﬁﬁ ngl?s@%‘g%gglnrragneti c substrate, a magnetic |ayer

havi L til d | amqnati .St { b 4t v |l am j

i n1y- copal 1 1 aahagneleIAgkr Hayibia IR B R RERNE", 2
| | adj | jtivel by . f a. ttery t hod i

Crrhet 155 corpatinsed! BY Alternately 1hifarhe 8 iR toBH R B e s ng

of Ru, Ta, Nb, M, M, gi Si ,@glnd Ni,.or at} | east Ogr;li axid N an anmount

in the rangelayohapdia npblemetaldaygr afia platignmer palladiumglayese, hendi cul ar

magneti c

repetitively, at least one type of layers of the cobalt layers and the
platinum or palladium layers containing at least one element selected
from the group consisting of Ru, Ta, Nb, Mo, Mn, Cr, Si, and Ni, or at

10 least one oxide.
2. A perpendicular magnetic recording medium according to
claim 1, wherein the at least one element or one oxide is contained in
an amount in a range from 1 to 15 at%.
3. A perpendicular magnetic recording medium according to

15 claim 2, wherein the mainly-cobalt layer contains silicon oxide in an
amount from 5 to 11 mol%, and the noble metal layer is composed of
platinum and contains silicon oxide in an amount from 1 to 8 mol%.
4. A perpendicular magnetic recording medium according to
any one of claims 1 through 3, wherein each of the mainly-cobalt

20 layers has a thickness in a range from 0.2 to 0.8 nm and each of the
noble metal layers has a thickness in a range from 0.05 to 1.2 nm.
5. A perpendicular magnetic recording medium according to
any one of claims 1 through 4 further comprising an underlayer

between the magnetic layer and the substrate, the magnetic layer
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recordi ng nmedi um according to claim14, wherein the step of 20 depositing the
magnetic |ayer is conducted using a sputtering gas containing oxygen in a
range from0.05 to 0.5 %in a relative mass flowrate. 16 A nmethod for

manuf acturi ng a perpendi cul ar magnetic recordi ng medium according to claim 14
or claim15 further 55 conprising a step of depositing an underl ayer conposed
of afilm selected froma platinumfilm a palladiumfilm a rutheniumfilm
or a platinpgiaddoRaklatirdatlyan pRe i Biddilhferon the substrate before the
step of depositing the nagnetic |ayer, by nmeans of a sputtering 5 nethod. 17.
A nethod for gmanuf agg ‘ﬂi’em@nﬁi&ﬂbﬁ%‘é'gﬂé't% ré®FaehE GnedRTR SédvrdiRgitgm
according to cl aim 16, erein the step of depositing the underlayer and the

step of ePORidibns, ke BN ndolRfer fels ARAGUELALy UShilfodb At erl no gas

sel ected from krypf on, xenon, a m'xed gas o0 argon, and a m xed
gas of xenon . o] '

magnetic re (1)r ﬂrﬁlgﬁ%eﬁ |’u%1%§é§)ﬁﬁﬁgﬂf%’ élrgﬁ%gbg&%'ﬁ;lﬁgr&c% wﬁgﬁrﬁglgﬂtep of
adsorpti opn of en on t.-he underl ayer surface after the step of 15 depositing
t he under aygﬁ?%ﬁugéﬁ%%n?ﬁ]@%ﬁl?'of depositing the magnetic |ayer, the step

of adsorpti o& i ncl udj n%tra rocess of e>§3|%osi n da surface of th((ai.undberl ayer to
argon gas cont ai ni ng&i’ pepgicuiar magnetic recording medium according 1o

claim 5 or claim 6, wherein a thickness of the underlayer is in a range
from 1 to 20 nm.
8. A perpendicular magnetic recording medium according to

10 any one of claims 5 through 7 further comprising an orientation
control layer between the substrate and the underlayer for controlling
crystalline orientation of the underlayer.
9. A perpendicular magnetic recording medium according to
claim 8, wherein the orientation control layer is composed of a

15 lamination of a first seed layer and a second seed layer, and a
composition of the second seed layer is selected so as to orient the
underlayer in a c-crystal axis.
10. A perpendicular magnetic recording medium according to
claim 9, wherein the first seed layer is composed of a tantalum layer

20 and the second seed layer is composed of a layer selected from a
NiFeCr layer, a NiFeNbB layer, and a NiFeSi layer.
11. A perpendicular magnetic recording medium according to
claim 9 or claim 10, wherein a thickness of the first seed layer is in

the range from 1 to 10 nm, and a thickness of the second seed layer is
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oxygen in relative mass flow rate under a pressure of 0.1 tol0 Pa for 1 to 20
seconds. 20 56

in the range from 5 to 20 nm.

12. A perpendicular magnetic recording medium according to
any one of claims 9 through 11 further comprising a soft magnetic
backing layer between the substrate and the first seed layer.

5 13. A perpendicular magnetic recording medium according to
claim 12, wherein the soft magnetic backing layer is composed of a
CoZrNb alloy or a CoZrTa alloy having a thickness in the range from
50 to 400 nm.

14. A method for manufacturing a perpendicular magnetic

10 recording medium comprising a step of depositing, on a nonmagnetic
substrate, a magnetic layer having a multilayered lamination
structure by alternately laminating a mainly-cobalt layer of a cobalt
layer and a noble metal layer of a platinum or palladium layer
repetitively, by means of a sputtering method using a target

15 containing at least one element selected from the group consisting of
Ru, Ta, Nb, Mo, Mn, Cr, Si, and Ni, or at least one oxide, in an
amount in the range from 1 to 15 at%.
15. A method for manufacturing a perpendicular magnetic
recording medium according to claim 14, wherein the step of

20 depositing the magnetic layer is conducted using a sputtering gas
containing oxygen in a range from 0.05 to 0.5 % in a relative mass
flow rate.
16 A method for manufacturing a perpendicular magnetic

recording medium according to claim 14 or claim 15 further
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15

20

comprising a step of depositing an underlayer composed of a film
selected from a platinum film, a palladium film, a ruthenium film, or
a platinum and palladium lamination film, on the substrate before
the step of depositing the magnetic layer, by means of a sputtering
method.

17. A method for manufacturing a perpendicular magnetic
recording medium according to claim 16, wherein the step of
depositing the underlayer and the step of depositing the magnetic
layer are conducted using a sputtering gas selected from krypton,
xenon, a mixed gas of krypton and argon, and a mixed gas of xenon
and argon.

18. A method for manufacturing a perpendicular magnetic
recording medium according to claim 16 further comprising a step of
adsorption of oxygen on the underlayer surface after the step of
depositing the underlayer and before the step of depositing the
magnetic layer, the step of adsorption including a process of exposing
a surface of the underlayer to argon gas containing 1 to 10 % of
oxygen in relative mass flow rate under a pressure of 0.1 to10 Pa for 1

to 20 seconds.
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