;| }e3eYV4. 06" T@x1 't Method for .produci ng a magnetic recording nmedi um and
a magnetic recordi ng nmedi um produced by the nethod Technical field of the
i‘lvention 5 The present invention relates to a nmethod for producing a

per pendi cul ar magnetic recordi ng mediumand to a perpendi cul ar magnetic
recordi ng medi um produced by the nethod. Such a perpendi cul ar magnetic
recordi ng nmedirumis nounted on a variety of magnetic recordi ng devices. 10

Backgr ound of M@ﬁ@&&gftﬂmlﬁ:igféc ﬁﬁgﬁy%tﬁﬁ eﬂeﬁgglali}gg ML) RhFystem with

recordi ng magnet1 zati on “per pen surface has been
drawi ng attengj .an alternative to a cenventiongl | ongi twudi nal magnetic
recordi ng sys&%ngﬁcaﬁcﬁlﬁﬁﬁigg%&%&m 'dcﬁgrm Itﬁ.e IRe{}I ndi cul ar
magneti c recording mediumis principally conposed of a nagnetic recording

| ayer of a hard magnetic material, an underlayer for aligning the magnetic
recording layer to an ained direction, a protective |layer for protecting

the surface of the magnetic recording |ayer, and a soft nagnetic underl ayer
having a function to converge a magnetic flux that is generated by a

magnetd ¢ HEachhoécallfie?d ofadey thventivt he magnetic layer. 1 The soft

magneti c underl ayer is sonetinmes absent since recording is possible wthout

the soft magnety i er can

i nprove nedi aq?)iéérnggrgrgﬁggﬁ%rgn%%q%e?%ggtg?é%tlg@g?s%égrr@lg@hgéerI ayer is

ol oo @ Bolfendicl i tRdehutRe Fbs ity FROARMAS aiFE5 4 perpefaitud™ °
magnetic recording medium produced by the method. Such a

perpendicular magnetic recording medium is mounted on a variety of

10 magnetic recording devices.

Background of the invention
A perpendicular magnetic recording system with recording

magnetization perpendicular to the medium surface has been

15 drawing attention as an alternative to a conventional longitudinal
magnetic recording system, to attain higher recording density. A
perpendicular magnetic recording medium is principally composed of
a magnetic recording layer of a hard magnetic material, an
underlayer for aligning the magnetic recording layer to an aimed

20 direction, a protective layer for protecting the surface of the magnetic
recording layer, and a soft magnetic underlayer having a function to

converge a magnetic flux that is generated by a magnetic head for
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recording in the magnetic layer.




havi ng the backing |layer is called a double-layered perpendi cul ar nagnetic
recordi ng medium A perpendicul ar magnetic recording nedium as well as a
I-dngi t udi nal nagnetic recordi ng medi um nust performhigh thermal stability
conpatible with | ow nedia noise in 10 order to achieve high recording
density. In conventional |ongitudinal magnetic recording nedia, various
conpositions and structures of a magnetic recording |ayer and materials for

2 nonmagnet| CTHUISGEKAEHRNR: GtFlertsonris WtEkmbS dbagit spidy appl | o

magnetic reco ayers use an a ereinarteéer referred
to as CoCr) and.obtain magnetically ji;sol at.ed magnetic akns by regation
of the chrbrotdite 18 shsFHlE weit Rt ¢e kol magnatic.indsiierers aliituigh

| ayer, calggd a, granul ar, magnetic recording |ayer, has been proposed that
uses nonmifeeloft magnetiadnadendayer eassimnrove mediamperformante.

nitride. In a magnetic recording |ayer of the CoCr, the substrate nust be

heat ed up rhediutesmpithatutr thaisofe mapaetikOGadurldypedstoalled kesimyler for

enough segregation of the chromum On the other hand, the 2 gr anul ar

(-
magnetsc N86er&i ;?éﬁ‘? i it 1 ARITRghe Y tallic
subst ance sggrgggt%ell ev(gln I?ﬁgﬁ%&%@ﬁ at etrr(llyalgi ng I's omh?lsie%m%@ﬁ%gneti C
recordi ng -ef I cQndi n be
appl 1 cd {8ViEte Bhe RHIcRIE 1408y 36 R 2LRAHRIS oy RERHCRSthg R RbulER
est abl i shin er pendi cul ar ani sotropy, by control Ling crystal aligpnment in
t he recor dngg%%&g%reﬁ9r manaabunan&mp%@cullasrm@we&u@rew ¥n to be
solved by the invention 10 In a perpendicul ar magnetic recordi ng nmedium a
magnet i ¢ mediumgas avel agianlpr@itndinal magnetie revonding anedjuim mhstri um
segregation to the same extent as in a longitudinal medium On the hand, a
per pendi ceaformghéghcthienaadigtabibygrcoanpatiblrowdthrlenw imedimaidbednl ayer
is known to nore easily establish a segregation 15 structure than in the
CoCr COIH ; . IS+ Nt eracti on between the grains
IS su%%r esdsi'lg%jq t}dé‘éﬁ?;}gﬁ?ﬁ%?ﬁ%%%ﬂ%ﬁ??sﬁ wever, a granul ar magnetic
recording layer in a thin filmthickness of about 10 nmor |ess has
reveal ed i nsufficient segregation structure, resulting in poor isolation
bet ween graini and causj ng ﬁP noj se h@jecause rrecording in a perpendicul ar
magneti ¢ r ecordl GRNVRBLIRS Q%wuf} faagneti recargingpeddacypxious

magnetic field by a head, the thickness of the magnetic recording |ayer is
desi red asompositions and structures of a magnetic recording layer and

materials for a nonmagnetic underlayer have ever been proposed.

15 Practically applied magnetic recording layers use an alloy of Co and
Cr (hereinafter referred to as CoCr) and obtain magnetically isolated
magnetic grains by segregation of the chromium at grain boundary.
Another type of a magnetic recording layer, called a granular
magnetic recording layer, has been proposed that uses nonmagnetic

20 and nonmetallic substance, for example, oxide or nitride.

In a magnetic recording layer of the CoCr, the substrate must be
heated up to a temperature higher than 200°C at depositing the layer

for enough segregation of the chromium. On the other hand, the



L thin as possible. If an initial growh layer with such insufficient
segregation is fornmed, a thin magnetic recording layer is difficult to be
achi eved. Consequently, |ower noise and hi gher recording density have been
obstructed in a conventional glanular magnetic recording 5 |ayers. The
present invention has been nade in view of the problens, and an object of
the invention'is to provide a nethod to produce a perpendi cul ar nmagnetic

redi um pr Sac e b g Gk BEITRRR o FedtufBeRGE he nonet ¢
recordi ng_nedi um exhi bits | ow nqi f an i gh recording densitﬁ. achi evi ng
excel | ent OEUEERG I and nonmetallicihalghag sogrggates svemtiahe, "sol ve

the problem To attain the object, nucleation sites are_introduced on the
surface osulisteate heatdngas omjtitedc The mmaignetiayecording layer @ffedCrr or
t he purpose of pronoting growth of a nonmagnetic and nonnetallic grain

boundary piateheSpeohhilaainhignetiecréesrdierg PAyer educhbemppliedngndi cul ar

magnetic recordi ng nmedi um according to the invention conprises steps of
PSaUCTS ! 2obicH AP InALrIdE Kk Flink R AL wANN I T AERST 10
compr i ses DEPRIHGTeF ARptRADY e GRErAUiag FARAL slid KR IR by
o7 ns, aRgCORUIAE LAyEr dorsheseil af e pdCRgss, for enatuples ot o aiter e
step of lamnating the underlayer, to 02 or N2 5 atnosphere or to a m xed

gas atnosphere of a rare gas with an addition of 02 or N2, before the step
of lam nating the magnetic recording |ayer. Advantageously, in the nethod

for produ@ysblandodsadiotved byt @heeiredntionecor di ng nmedi um of the
i nvention, the underlayer is conposed of Ru or an alloy of Ru, preferably

L TOCL, R ifnain Ay RIS R AROA helpeadi o <

lam nati ng.a cqedshaver LuSts REIQE s hSowteR Shav HiRALLIE, tASHIRTRELAY e
segregation to the same extent as in a longitudinal medium. On the
hand, a perpendicular magnetic recording layer employing a granular
magnetic layer is known to more easily establish a segregation

15 structure than in the CoCr recording layer. As a result, magnetic

interaction between the grains is suppressed, leading to low media
noise. However, a granular magnetic recording layer in a thin film
thickness of about 10 nm or less has revealed insufficient segregation
structure, resulting in poor isolation between grains and causing

20 noises.

Because recording in a perpendicular magnetic recording
medium is ideally done with a sharp perpendicular magnetic field by

a head, the thickness of the magnetic recording layer is desired as



| ayer, bei ng conposed of a N -base alloy, preferably N Fe Ni FeNb, N FeB,

Ni FeSi, or N FeCr. 20 A perpendi cul ar magneti c recordi ng nedi um of the
i‘'nvention is produced by the nethod descri bed above. In the present

i nventi on having such constitutions, both the nmagnetic portion and the
nonmagneti ¢ and nonnetallic grain 5 boundary region are simultaneously
formed fromthe initial stage of the recording |ayer formation, and the

f err omagnet,t LN ¥ e, tyi : I+ cal ly,
an oxi da SPuA 1 BOLEIIED TEAR! RRAINEFBRER letr WiSRRRUA! MpufiRbithis
substance, and the 5.substrate r.f ace before depqgsition of. the.gr | ar
mmonet 1o SEESPERRDY if STt dhin Waee Gt HecRaTat J8¥ed in dfrghiB Lo,
The 02 or N2 attached on the substrate surface wi th the under] ayer, by, the
exposur e b@t@ghm\f&du nsequendly  lowevwaige anhighen recondingdensgity ¢
regi on causi ng separation of ferromagnetic crystalline 10 grains fromthe
initial glmawedbeeneobstrudtedragretonveativniahgldaybar Iﬁa'Fnietiiesec(mdihg] of
drawings Figure 1 is a schenmatic cross sectional view illustrating an 15
exanpl® oflgeapgdi nent of a perpendicul ar magnetic recordi ng nmedi um
according to the present invention. Figure 2 is a chart show ng dependence
of magnetic cluster size on the magnetic recording |ayer thickness obtained
from MFM eval uati on for Exanples 1 and 2 and Conparative Exanples 1 and 2.
20 Figure 3 ig‘a chart homﬁqﬁéde ndence of atandard qgggﬁtion qf magneti c
cluster size amq PEeRgBhanventien, hnsdaeny Mmadgikviay ohthe problems.vrv
eval uation for Exanples 1 and 2 and Conparative Exanples_ 1 and 2. Figure 4
i s a chartandhew objeripehtbadavention isctoprovide memetleod to produce a

perpendicular magnetic recording medium and to provide a

10 perpendicular magnetic recording medium produced by such a
method, wherein the perpendicular magnetic recording medium
exhibits low noise and high recording density by achieving excellent

segregation structure in the magnetic layer.

15 Means to solve the problem
To attain the object, nucleation sites are introduced on the

surface on which a granular magnetic recording layer is to be formed,
for the purpose of promoting growth of a nonmagnetic and
nonmetallic grain boundary phase. Specifically, a method for

20 producing a perpendicular magnetic recording medium according to
the invention comprises steps of sequentially laminating an
underlayer, laminating a magnetic recording layer, laminating a
protective layer, and laminating a liquid lubricant layer on a

nonmagnetic substrate, wherein the magnetic recording layer



noi se in the case of the magnetic recording |ayer thickness of 15 nm on

| i near recording density obtained fromthe evaluation of nmagnetic
parametric performance for Exanples 1 and 2 and Conparative Exanples 1 and
2. 5 Aspects of enbodi nents of the present invention Sone aspects of
preferred enbodi nents of the present invention will be described with
reference to the acconpanied drawings in the following. Fig. 1is a

schematic . [ ' ' nat i e i_aent of
= per penacPHREFIRETAEPMa M (YRR BeBlheirrEl ARt Git gtk

i nvention, The,perpendi cul ar . netic.recordi ng nmedi um,has a structur
compri si nPONNIARE Tegion cansistng mainfy,ghexide oxBittide surounding thee
| ayer 4 sequentjally formed on a nonmagnetic substrate 1. A liquid

| ubri cant crgstallime Brasnsyamndtheameshodncomprisge s stamef expasjng the
substrate 1 can be conposed of a N P-plated al um num all oy, strengthened

gl ass, or suhtraté iafter thassterpof laiinting il wirtedlyery W0, GadNgt i ©

recording medium A plastic 20 substrate made of a resin such

a
pol ycat bo | ef 4 . € ) | rag.ure of
subst ra%t eréﬁglg?lslglg%?és) oﬁ‘e';&daulglg}e{%aa%%%tﬁ fgg%phéﬁg%gﬂ%%gﬁ? s ng %bef erably
conposed of netal. aMth 7 hexagonal cl psest. packed,structure. or an
al | oy of @&fﬁt?’hﬁm Oarﬁé’ kefare &ﬁf’kﬁa@ﬁ 3@ RS RY MRAZLLHG ure or
an alloy of such a ,netal. The netal with the hexagonal cl osest packed
struct ur e TeGOTraHRE layerzr Ru, zn, Tc, and Re. The metal with the face
centered cubic structure 5 includes Cu, Rh, Pd, Ag, Ir, Pt, Au, N, and Co.
O the materials exenplified above, Ru or Ru alloy exhibits excellent
ef fect because of weak reactivity with exposed 02 or N2. Although a thin

filmis desirapdeantagBbakhesin shel mathod fie prodiRifgad pRrpehdicutsr

crystal growth becones to dn acceptabl e nass.
10 magnetic recording medium of the invention, the underlayer is

composed of Ru or an alloy of Ru, preferably RuW, RuCu, RuC, RuB,
or RuCoCr.

Advantageously, the method for producing a perpendicular
15 magnetic recording medium further comprises a step of laminating a
seed layer just before the step of laminating the underlayer, the seed
layer being composed of a Ni-base alloy, preferably NiFe, NiFeNb,
NiFeB, NiFeSi, or NiFeCr.

20 A perpendicular magnetic recording medium of the invention is

produced by the method described above.

In the present invention having such constitutions, both the

magnetic portion and the nonmagnetic and nonmetallic grain



10 A seed layer 12 may be provided beneath the underlayer 2 to inprove

al i gnnent of the underlayer 2. Al though the seed | ayer may be nonnagneti c,
a material with soft nagnetic property is preferable for acting as a part
of a soft magnetic underlayer in a structure of a 15 doubl e-I| ayered

per pendi cul ar magnetic recordi ng medium Exanples for material of the seed
| ayer 12 exhibiting soft magnetic property include nickel-base alloys such
as N Fe, N Fe Ni FeB. Ni_FeSi d N Fetx » 20 Inasthe gase_ a .seed | ay 12
'S brovi d DU Regten posiaydPancolsiy fofidd oidih fREInMERtaetiE, oo
further provided under, the seed | ayer far .converging the magneti.c field
gener at edtg9 EeGoRgARE layier-fonmatiing and: the ggmmg{m@@ryé% Ba€cul ar
magnetic recording medium_ Materials that can be used for the soft magnetic
under | ayegrains Hre magueticaylt separatedt eSpecifiedlly, anFexide oy aamdtride
Sendust alloy (FeSiAl), fine crystalline materials of FeTaC and CoTaZr, and

an anmor pheyseebfds the ItonAiagnetitband Nbhheetd1dicopibstaméd) aldetize of the

soft magnetic underl ayer depends on a structure and characteristic of a
magnetg c i ‘i nmis

desi r abl egc;ﬁ?r%g'?gggisng %5%31%@%@%\& ﬁ%élﬁ‘%‘g@?ﬁ‘ velf gi;gh%lga?%ta%ang%g& C
recordi ng | ayer. 3 takes.a structyre consisting of ferronmagnetic stgl line
r i ns. andeBORUnBIALET 48 Xnarad 4 ai pragpBets cofiiaanige e o5 el hgpe
magneti c recordi_ng | ayer _enpl oys a_granul ar pagnetic recording |layer, in
whi ch t he OmgndNe atgachadion ther substyate surtacpwvath tdie ayerdy the
nonnetal |l i ¢ substance. 15 The ferromagnetic crystalline grains are

pr ef er abl expomoseedcts as Wocleationysites tbegtow they noomegmetic ahebe al | oys
that contains additive elenents) selected fromCr, N Nbo, Ta, and B. The

nonmagnet iy iiethlllie youlsh¥iesitle SBpatatiB BT beranmi tnefichaatallingedi on

is preferably an oxide or a nitride, for exanple, an oxide or "a nitride of

For rodgneveangyety thial BrowbQlenrel of i Hagrfitid ctBtae 1ofer.

perpendicular to the filmsurface in order to be used in a perpendicul ar
magneti c recordi ng nmedium 9 The substrate surface before formng the
magnetic recording layer 3, nanely the surface of the underlayer 2, is
exposed tBbll&f:d&ﬁﬁppélom @fda‘amng@, or to a m xed gas atnosphere of rare
gas and added 02 or N2. The 02 or N2 is attached as nucleation sites for 5
grow ng the nonmagnetic nonnetallic region. After that, the magnetic
recording layer 3 is forned. As a result, both the ferromagnetic

crystalline gr%iiggrémqswgfﬂbﬂlgt%@m YeétGBhal vbw li‘Hu@?Pztirﬁigf%ghc

nonnetal lic su nce are forne romthe 1nitral stage o ghetic

cayrcbit reuiible fh EmibdBECAL df & P i D Pl WeBEARE Lo posea

of athin filmof mainlyy carbgn. The liquid |ubricant |ayer 5 can be forned
of perf| UPEEAIREOTHIRE toobhe prsent invention.

Figure 2 is a chart showing dependence of magnetic cluster size
on the magnetic recording layer thickness obtained from MFM
evaluation for Examples 1 and 2 and Comparative Examples 1 and 2.

20 Figure 3 is a chart showing dependence of standard deviation of
magnetic cluster size on the magnetic recording layer thickness
obtained from MFM evaluation for Examples 1 and 2 and
Comparative Examples 1 and 2.

Figure 4 is a chart showing dependence of the normalized media



The foll ow ng describes specific exanpl es of enbodi nents of perpendicul ar
magneti c recordi ng nedia according to the present invention. Exanple 1 20 A
chem cally strengthened gl ass substrate with snooth surface (N5 gl ass
substrate, manufactured by HOYA Corporation) was used for a nonmagnetic
substrate. After cleaning, the substrate was introduced into a sputtering
apparatus. A soft magnetic CoZrNb [ayer 300 nmthick was fornmed using a

target of -hZr9 r r r. ntly,
2 seed | aisgingRe {BSG0f the Rad bl §eBbER Rk Tadhn fritRhRps AR

Ni - base alloy. target of. N -12Fe9Nb under grgon S pressur.e of .5 nlorr. 5
Then & ROTHRSHETRECEENG oSty AR atne fddom the Svalnatiopoe! nagRekicon
gas pressure of 30 nTorr. After that, the resulted substrate was exposed to
an argon @arametsithperformasmcei for Exemples If andi? and Camparativere of
the m xed gas of argon and oxygen was 5 mforr, and the flow rate was 60
sccm 10 Teampleringid @.recording layer of CoCrPt-Si02 was deposited
using a target of 91(Co-10Cr17Pt)-9Si 02 under argon gas pressure of 30
mrorr.gThi ckness of the nmagnetic recording |ayer was varied in the range
from10 to 30 nm After depositing a carbon protective film15 8 nmthick
using a cafbon target tae re uléﬁﬂhsubstrat e. was t.aken out fromthe vacuum
chanber . W&Wtﬁo emlag Hm i q%erg: W‘%I}\'?IQP was formed of

per fl uoropol yet her by neans  of di p-coajing nethod, Thus, a double 20
| ayered per pemR@@ aspaatmef we?emiierxgﬁﬁaammﬂa@f bhe present invention

will be described with reference to the accompanied drawings in the

following. Fig. 1 is a schematic cross sectional view illustrating an
10 example of embodiment of a perpendicular magnetic recording
medium according to the present invention. The perpendicular
magnetic recording medium has a structure comprising at least an
underlayer 2, a magnetic layer 3, and a protective layer 4
sequentially formed on a nonmagnetic substrate 1. A liquid lubricant

15 layer 5 is further formed on the layers.

The nonmagnetic substrate 1 can be composed of a NiP-plated
aluminum alloy, strengthened glass, or crystallized glass, each of
which is used in a usual magnetic recording medium. A plastic

20 substrate made of a resin such as polycarbonate, polyolefin, or the

like may be used when a temperature of substrate heating is held

under about 100°C.

The underlayer 2 is preferably composed of a metal with a



Deposition of the magnetic recording | ayer was conducted by neans of an RF
magnetron sputtering nethod deposition of all other |ayers was conducted by
neans of a DC magnetron sputtering nethod. 11 Exanpl e 2 A doubl e-1 ayered
per pendi cul ar magnetic recordi ng medi um was produced in the sane manner as
In Exanpl e 1 except that the steps for form ng froman underlayer to a
magneti c recordi ng | ayer were 5 conducted by the steps of farmng a RUW

of Nz ?Xgifé%é“&fﬂh@%e@‘iﬁ?@é@ ﬁ&%ﬁé@‘vgi i%i%ﬁiéﬁaﬂﬁ%#%%“b%?# K

[ . - BSi N .l ive EX A
double.| ayﬁgg@%ﬁggﬁaemc&ﬁtﬁ%éa&mb{)% %r\ﬁé FEANA goéﬁﬂ&bc%dnﬁﬁa]f-he
same nmanner. as in Exanple 1 except that the step of exposure to the Ar + 02

at mospher d e tmetal matht e hexaganakclasestqmeke distructyreincludes i o,
| ayer was omtted in this 15 Conparative Exanple 1. Conparative Exanple 2 A

doubl e- | afu eEm el @eaddcRear Thaameitiad wﬁ@tﬁér&lc@%fﬁmmlscﬁbwsﬁmcﬁuré he

same nmanner as in éxanpl e 2 except that the step o

5 includes Cu, Rh, Pd, Ag, Ir, Pt, Au, Ni, and Co. Of the materials
exemplified above, Ru or Ru alloy exhibits excellent effect because of
weak reactivity with exposed Oz or N2. Although a thin film is
desirable, a thickness at least 3 nm is preferable, in which crystal
growth becomes to an acceptable mass.

10
A seed layer 12 may be provided beneath the underlayer 2 to
improve alignment of the underlayer 2. Although the seed layer may
be nonmagnetic, a material with soft magnetic property is preferable
for acting as a part of a soft magnetic underlayer in a structure of a
15 double-layered perpendicular magnetic recording medium. Examples

for material of the seed layer 12 exhibiting soft magnetic property
include nickel-base alloys such as NiFe, NiFeNDb, NiFeB, NiFeSi, and
NiFeCr.

20 In the case a seed layer 12 is provided beneath the underlayer 2,
a soft magnetic underlayer 11 may be further provided under the
seed layer for converging the magnetic field generated by a magnetic
head to construct a double-layered perpendicular magnetic recording

medium. Materials that can be used for the soft magnetic underlayer



20 exposure to the Ar + N2 at nosphere before the step of formng the
CoCrPt-Si N magnetic recording |ayer was omtted in this Conparative Exanple
2. Results of magnetic properties evaluation for the Exanples and 12

Conpar ati ve Exanpl es are descri bed bel ow. The magnetic performance was
measured by magnetic Kerr effect. Table 1 shows coercivity He for the
magnetic recording |ayers having thickness of 15 nm Specifically, the

{hi cknese L oo SFleBF<hafbin F¥ mfm gl B AR fleal SHOLA A fE R o
320Exanp! b 051 AGbcaRE @y M@%ﬁm&gﬂiﬁa&%&z@wdﬁ%.m% of

magneti c recordi ng | ayer: 15 nm Squareness ratio S for every Exanples and
Conpar at i amEKphplmscabasltlahoy néaZrh@)Exarrpl e 1 with Conparative Exanple
1, the Exanple 1, which experienced the exposure to the Ar 15 + 02

at nospher e, dem)nstrat ed i nprovenent in He as conpared with the Conparative
Exanpl e 1, which did not experience the exposure.

5 While the optimum thickness of the soft magnetic underlayer
depends on a structure and characteristic of a magnetic head used for
recording, a thickness from 10 nm to 500 nm is desirable considering

a balance with productivity.

10 The magnetic recording layer 3 takes a structure consisting of
ferromagnetic crystalline grains and a nonmagnetic grain boundary
region surrounding the grains. The magnetic recording layer employs
a granular magnetic recording layer, in which the magnetic grain
boundary region is composed of nonmagnetic nonmetallic substance.

15 The ferromagnetic crystalline grains are preferably composed of a
CoPt alloy, an FePt alloy, or one of these alloys that contains additive
element(s) selected from Cr, Ni, Nb, Ta, and B.

The nonmagnetic metallic substance of the nonmagnetic grain
20 boundary region is preferably an oxide or a nitride, for example, an
oxide or a nitride of an element selected from Cr, Co, Si, Al, Ti, Ta, Hf,
Zr, Y, and Ce. The ferromagnetic crystalline grains needs to exhibit
magnetic anisotropy perpendicular to the film surface in order to be

used in a perpendicular magnetic recording medium.



Simlarly, conparing Exanple 2 with Conparative Exanple 2, the Exanple 2,
whi ch experienced the exposure to the Ar + NZ at nosphere, showed
i'mprovenent in Hc. Thus, the exposure to the 20 at nosphere containing Oz or
N2 pronoted segregation structure and contributed to inprovenent in Hc. 13
Fig. 2 and Fig. 3 show dependences of a dianeter d [nn] and a standard
deviation of the dianeter o [nm, respectively, of a magnetic cluster size

on the thicknegyse @wét?aﬁ@@ifxtfhfée "WuTorrd fa¢n it EPB%a%&?é‘ﬁib%c@i‘din

Conpar ati ve Exanpl es. The val ues of magnetic uster  size were obtained

by MFM ne ' ' | erally
appar ent SASP Lo pe BRIC A Sfifate S i IRRIBIATEE 2ok Expbbed e B oeur &
significantly degcreas in bpth d and v.as ,conpared wiih Conparative

Exanpl es Atespl e ol Oarr oxoua mized gas &PH&@W%@TQ@%@J@S%@ adt he
case of 10 nmthickness of the magnetic recording layer in particular,
Conpar at i veldedi@: oz N2arfthe, OborhiNelis atitachiest ad nucleation tsates forr
deviation a are very large, which indicates that separation of the

f er r onBgnetriotviaigy thel honenaghebic wenmetallseréioentAfterttitat, thd al growth
| ayer, resulting in the large values of the sizes and the deviation of

sizes of t i Wy -1 S i e subjected
to the exﬁgggr?ggi]l@?bgggégé??y%gt 1%!?% |6§Frfef4esr g'(rjllcbas’(;n‘ldlt\tNEke)ﬁgtﬁglﬁ{jard

devi ationfv are smal]. 20 e\£e .at_the. thick gﬁé of .10bnm f the ma nei.iéE
recordi ng PS%}%’F‘,a%? (LY& 119'9 A2 HAHP9H e o 9 It

for the growh of the nonmagnetjc nonnetallic fegio nd ptonpted

separ at i oRQRAMagnetic RARYHE 1%$1}g§ﬁﬂm¢‘h@r@r rﬁaeaf :wm{@lq mitial stagee
of the growth of the nmagnetic recording |ayer. 14 Fig. 4 shows dependence
of nor mal iofdtherenlagnetic kayen formedione Pheisyg deagheyic vétarding Fayen
measur enent of nagnetic paranetric performance in the case of 15 nm

thi ckp@ss lpdvinie exegliRinitCs6 SEOF 06 SEMfdture ¢4R b foidesd.and the
Conmparative 5 anpl es. The nagnetic paranetric perfornmance was obtai ned by
t he neasurenent using a spin-stand tester equipped with a GWR head. As is
apparent fromFig. 4, the noises have significantly decreased in Exanples 1
B 2 ool o 58 BiteRtie 1ot WoSh0S Yhfp6Sed BPE B itk SPHREAY v°

carbon. The liquid lubricant layer 5 can be formed of

perfluoropolyether lubricant.

15
The following describes specific examples of embodiments of
perpendicular magnetic recording media according to the present
invention.
Example 1
20 A chemically strengthened glass substrate with smooth surface

(N-5 glass substrate, manufactured by HOYA Corporation) was used
for a nonmagnetic substrate. After cleaning, the substrate was
introduced into a sputtering apparatus. A soft magnetic CoZrNb

layer 300 nm thick was formed using a target of Co-5Zr9Nb under

10



10 experience the exposure. Considering in conmbination wth the above
descri bed evaluation results on the magnetic cluster size, the noise
reducti on has been attained by virtue of sufficient separation of the
magnetic crystalline grains fromthe initial stage of the growh of the
magnetic recording layer, which in turn resulted fromthe exposure. 15
Tabl e 2 shows 'SNR val ues at 400 kFCl and 600 kFCl in the case of the

magnetic r. ' ' ' I3

T e A8 DRSS S TRSTORE, SRR QEhTLYd shE L ST
Exanpl es nd 2..:20 15 Tabl e 2, SNR dB] af, 400 [ KEC R( dB] ;at. 600
(KRG ] Exar S thigk Whe dABPattenh thingatant: marpriohd ey, fate
29. 50. 33 Thj.cknes Eqnagn tic recording layer: 15 nm The SNRs were

obt ai ned faloNiTHAFePAVID aih hmgprrbgasfplt%weméﬁem ¥arametric
performance to in the case of the above described normalized nedi a noi se.

Refl ecting the high He and | ow noi se descri bed above, the SNR in the
Exanples 1 and 2, which were subjected to the exposure, denonstrated

substagt i al | fPhexerFRu ahduylngbe @i (Highenald fordivdribiang h Rithdrget

whi ch did not 10 experience the”exposure. Advantageous Effect of the

| nvention JR48FHFdIe Latptéisutd S HEREThrk " AiterYhaAY, ' tHE rébMed Ne

ef f ect

substrate was exposed to an argon gas atmosphere containing 2 % of
O2 for 10 sec. The pressure of the mixed gas of argon and oxygen was
5 mTorr, and the flow rate was 60 scem.
10
Then, a magnetic recording layer of CoCrPt-SiO2 was deposited
using a target of 91(Co-10Cr17Pt)-9SiO2 under argon gas pressure of
30 mTorr. Thickness of the magnetic recording layer was varied in
the range from 10 to 30 nm. After depositing a carbon protective film
15 8 nm thick using a carbon target, the resulted substrate was taken

out from the vacuum chamber.

Finally, a liquid lubricant layer 2 nm thick was formed of
perfluoropolyether by means of a dip-coating method. Thus, a double-
20 layered perpendicular magnetic recording medium was produced.
Deposition of the magnetic recording layer was conducted by means
of an RF magnetron sputtering method; deposition of all other layers

was conducted by means of a DC magnetron sputtering method.

11



to well separate the ferromagnetic crystalline grains fromthe initial 15
grom h [ayer of the magnetic |layer. The effect results fromthe
constitution of the invention in which a granular magnetic recording | ayer

i s used conprising nonnmagnetic grain boundary regi on of nonmagnetic and
nonnmetal lic oxide or nitride, and the substrate surface with an underl ayer
before form ng the nagnetic |ayer is 20 exposed to an atnosphere contai ni ng
02 or Na @&dﬁﬁpﬁggce nucl eation 16 sites for the growth of the
nonmagnet i'C and  nonmetal | i ¢ regi on. Accordingly, magnetic interaction

between the fer nefic crystallin ai ns decreases to. reduce. nedi a

ol se. and at A ROUReIANeRed PeTRETKIRUIAT ARABGELS ForabLing MERBE ¥as%, gn
recording density 5 is acconplished in a perpendicul ar magnetic_recording
medi um 1@rslueed m the same mannen asdnf Bxampte di egcephshpstdiecsteps
magneti c recordi ng medi um conprising steps of sequentially |am nating an
under | ayerfor!fermiaig ficora aaonaterlapeptdingagnetic recordirigntayemdmmect i ve

| ayer,
5 conducted by the steps of forming a RuW underlayer 15 nm thick,
exposing to an atmosphere of argon containing 3 % of N2 for 10 sec,

and forming a magnetic recording layer of CoCrPt-SiN using a 92(Co-

10Cr15Pt)-8SiN target.

10 Comparative Example 1
A double-layered perpendicular magnetic recording medium was
produced in the same manner as in Example 1 except that the step of
exposure to the Ar + Oz atmosphere before the step of forming the
CoCrPt-SiOz magnetic recording layer was omitted in this

15 Comparative Example 1.

Comparative Example 2
A double-layered perpendicular magnetic recording medium was
produced in the same manner as in Example 2 except that the step of
20 exposure to the Ar + N2 atmosphere before the step of forming the
CoCrPt-SiN magnetic recording layer was omitted in this

Comparative Example 2.
Results of magnetic properties evaluation for the Examples and

12



5 and lamnating a liquid lubricant |ayer on a nonmagnetic substrate,
wherein the magnetic recording |ayer conprises ferromagnetic crystalline
grai ns and nonnmagneti c grain boundary region consisting nainly of oxide or
nitride surrounding the crystalline grains, and the nmethod conprises a step
of exposing the substrate after the step of 10 | am nating the underl ayer,
to 02 or N2 at'nosphere or to a m xed gas atnosphere of a rare gas with an

addi L1 on CofafPe BEAMEIADErS'EAAIHEABABY "IROGERARAE S, Tooor ding

| ayer. 2. cing a perpendicul"ar ‘maghetic-recordi ng 15
medi um accorging to claiml whergi,n the undger er | o] d,of; Ru or a
R al Toy. BertaPhames Was eadieeA Py mHaesblls K etiigtor Table Loty
medi um according to_claim2, wherein the Ry alloy is,RuW RuCu, 20 RuC
RuB, or Reosrelviy Hederihe magpestuteeording lagers bavingdlaeknass of 15

recordi ng medi um according to claim1 further conprising a step of

| am nat i nghi, sBpecifigelly), thie Pabdeel ghivesthe efedoivityaH nfort bhe undgmetyer
the 18 seed | ayer being conposed of a Ni-base alloy. 5. A nmethod for

herei o 1 Ae REOPER Jagr haiE thickRRR YT TRl JMARRLIGR hpandti® ¢
per pendi oyl a5, Renet 6o 1SRN SR FRAMPIH ahd PEMH € Paratis nod

accordi ng

Examples 1 and 2.

Table 1
Hc [Oel
Example 1 4,320
Example 2 3,460
Comp Example 1 4,000
Comp Example 2 3,200

10 Thickness of magnetic recording layer: 15 nm

Squareness ratio S for every Examples and Comparative
Examples was 1.0. Comparing Example 1 with Comparative
Example 1, the Example 1, which experienced the exposure to the Ar

15 + Oz atmosphere, demonstrated improvement in He as compared with
the Comparative Example 1, which did not experience the exposure.
Similarly, comparing Example 2 with Comparative Example 2, the
Example 2, which experienced the exposure to the Ar + N»
atmosphere, showed improvement in He. Thus, the exposure to the

20 atmosphere containing Oz or N2 promoted segregation structure and

contributed to improvement in He.

13
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Focusing on the case of 10 nm thickness of the magnetic
recording layer in particular, Comparative Examples 1 and 2, both
the diameter d and the standard deviation o are very large, which
indicates that separation of the ferromagnetic crystalline grains was

15 insufficient in the initial growth layer, resulting in the large values of

the sizes and the deviation of sizes of the magnetic cluster size.

Examples 1 and 2, which were subjected to the exposure, in
contrast, both the diameter d and the standard deviation o are small
20 even at the thickness of 10 nm of the magnetic recording layer, which
indicates that Oz or N2 acted as nucleation sites for the growth of the
nonmagnetic nonmetallic region and promoted separation of the
ferromagnetic crystalline grains from the initial stage of the growth

of the magnetic recording layer.
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10, >109& ()- FOF109%& ()- sl 7109& ()- 33109& ()- O 9409 ()- 3y, 109%& ()-

e L R TRE ORI

#O/d.OO & P "
/$$ (x)ecordmg dens1(ﬁDgobta1ned from measurement of magnetic

parametric performance in the case of 15 nm thickness of the
magnetic recording layer in the Examples and the Comparative
5 Examples. The magnetic parametric performance was obtained by
the measurement using a spin-stand tester equipped with a GMR
head. As is apparent from Fig. 4, the noises have significantly
decreased in Examples 1 and 2, which were subjected to the exposure,
as compared with Comparative Examples 1 and 2, which did not
10 experience the exposure. Considering in combination with the above-
described evaluation results on the magnetic cluster size, the noise
reduction has been attained by virtue of sufficient separation of the
magnetic crystalline grains from the initial stage of the growth of the
magnetic recording layer, which in turn resulted from the exposure.
15
Table 2 shows SNR values at 400 kFCI and 600 kFCI in the case
of the magnetic recording layer thickness of 15 nm, obtained from
evaluation on the magnetic parametric performance for Examples 1

and 2 and Comparative Examples 1 and 2.

20
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SNRI[dB] SNRI[dB]
at 400 [kFCI] at 600 [KFCI]
Example 1 16.6 4.32
Example 2 12.4 1.86
Comp Example 1 10.9 0.69
Comp Example 2 9.5 0.33

Thickness of magnetic recording layer: 15 nm

The SNRs were obtained from the similar evaluation of the

magnetic parametric performance to in the case of the above-

described normalized media noise. Reflecting the high Hc and low

noise described above, the SNR in the Examples 1 and 2, which were

subjected to the exposure, demonstrated substantial improvement as

compared with Comparative Examples 1 and 2, which did not

experience the exposure.

Advantageous Effect of the invention

As described so far, the present invention brings about the effect

to well separate the ferromagnetic crystalline grains from the initial

growth layer of the magnetic layer. The effect results from the

constitution of the invention in which a granular magnetic recording

layer is used comprising nonmagnetic grain boundary region of

nonmagnetic and nonmetallic oxide or nitride, and the substrate

surface with an underlayer before forming the magnetic layer is

exposed to an atmosphere containing Oz or N2 to introduce nucleation
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91 109Z& ( ( magnetic interaction between the ferromagnetlc

crystalline grains decreases to reduce media noise, and at the same
time, to attain thin magnetic layer. Therefore, high recording density

5 1s accomplished in a perpendicular magnetic recording medium.
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atmosphere of a rare gas with an addition of Oz or N2, before the step

of laminating the magnetic recording layer.

2. A method for producing a perpendicular magnetic recording
15 medium according to claim 1, wherein the underlayer is composed of

Ru or a Ru alloy.

3. A method for producing a perpendicular magnetic recording
medium according to claim 2, wherein the Ru alloy is RuW, RuCu,

20 RuC, RuB, or RuCoCr.

4, A method for producing a perpendicular magnetic recording
medium according to claim 1 further comprising a step of laminating

a seed layer just before the step of laminating the underlayer, the

18
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6. A perpendicular magnetic recording medium that is produced by

a method according to claim 1.
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