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*159159* - 1 *@0002* TITLE OF THE | NVENTI ON
PERPENDICULAR NRGNETIC RECCORDI NG MEDI UM W TH TI LTED

EASY ETI ZATI ON, METHOD OF MANUFACTURI NG
un hm” MEDI UM  AND MAGNETI C RECORDI NG 5
APPA u I NG MAGNETI C RECORDI NG MEDI UM

BACKGRCUND9@F THE | NVENTI ON The present invention
relates to a magnetic recordin? nmedi um used for a
c

ive using a magnetTc recording
mmuﬁ E“mmmmma nmet hod of 10 manufacturing the nmagnetic
t
CompPTFhg the magnetia e Seortng A dA H Gher
g ARl ahers asardhes SERSRDNogpbEEN BRI 5

and yEb¢eax phobFeuheRETRzA¢EBRIaREe WLt BF FRKOYRETURING
processing speed of conputers in recent years. The

i NAGWET d¢ NBESYRDERGOMEBTCOM, I 8RbI MacAY.airtakkeoRBPNiGS
a longitudinal recording systemin which the

magn®PPZRATOA ODMEBRIBONGOMAGNETEIEJREBOORSIRG MEDEOMed

to the in-plane direction. However, a perpendicul ar

recording system iBAGHGRABIe DOrTHIMeI NYINDDRR® of

hi gher recordi ng density, since demagnetizing fields
in the V|EbﬁlPﬁeéﬁnﬁa@ﬁ@?PEéPPoﬁelﬁﬁﬁﬁsFPlén@aQP@th

o1 ovi BE0- WG REULyE BReS) foraBal PFOnaLElnaE ERp LN 3

recopdinge | aVELocan. he deshoned 1o LORcLfbgkeE 1N the

per pendail cu magne recor
manufacturing the magnetic recording medium, and a

magnetic recording apparatus comprising the magnetic
recording medium.

Higher speed and higher recording density have
been required for a magnetic recording apparatus (HDD)
to read and write information in accordance with
improved processing speed of computers in recent
years. The main recording system of a currently
available HDD is a longitudinal recording system in
which the magnetization direction of the medium is
oriented to the in-plane direction. However, a
perpendicular recording system is suitable for the
purpose of higher recording density, since
demagnetizing fields in the vicinity of magnetization
transitions are small and sharply reversed
magnetizations can be provided in this system. 1In
addition, since the recording layer can be designed to

be thicker in the perpendicular magnetic recording
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medi um as conpared with the |ongitudi nal magnetic
recordi ng nedi um degradati on due to thernal
fluctuation that has been a problemin recent years

can be suppressed in this system 5 As a perpendi cul ar
magneti c recording layer, a CoCr-based alloy magnetic
filmw th an irregular hexagonal crystal structure
such as CoCrPt alloy has been jyminly studied so far
However, a material with a larger nagnetic ani sotropy
than that of a 10 conventional CoCr-based alloy is

oS fedibaktBocbhBL ol LACLAB! 16hUGLUALLER HEYA0E:8
problemin the perpendi cular magnetic recordin

nedi 48rb Pl Png CRBSE GR! alikgRadEXaBR! 880t oSHEBRA1
material are ordered alloy 15 materials in which a
magneluct ebepent tsdehhas beear aCproBnemainokbkechet gkars
el enent such as Pt or Pd forman ordered phase. It is
knownanfloe sxappeesetihat thés epdeerd al |l oys of FePt
and CoPt with a L10 crystal structure have |arge
magnet i c ARi 3oPPEPPRELcCROaY RagprLécgrecoaddng %aver, a
erg/cc, respectively, in the c-axis direction (i.e.,
<001S°6F TeetF8ng L PVt HBINEE St A LRavifhean) £rpgoular

ted th i cul ti di di
A B R GRe naF RRFor | ShERGErDR FBth cphncaCERh5aToy thas

| . US] 5.materj di .
Py e AR NG LOESE, <00 HB O hBNEVEY, 8 hEPeLiLIduicn

anisgtigpge£iﬁégne§§&uaaigeerég9'ghgﬂdtﬁgerekvgty as

wel | “as higher thermal fluctuation resistance, they
requeésevent i oeatasedrreesedi Au1bield HekimBanebkiali @Rat

reversal in witing. Accordingly, even if a currently

avai tiabl ehermsinfjlheadat $onsmdy baf &i preblemw tiihi Bhei S
perpendicular magnetic recording medium into
consideration.

Examples of such a material are ordered alloy
materials in which a magnetic element such as Fe or Co
and a noble metal element such as Pt or Pd form an
ordered phase. It is known, for example, that the
ordered alloys of FePt and CoPt with a Llp crystal
structure have large magnetic anisotropy of
7 x 107 erg/cc and 4 x 107 erg/cc, respectively, in
the c-axis direction (i.e., <001> direction) of the
crystal lattice. It is expected that perpendicular
magnetic recording media having high thermal
fluctuation resistance can be provided by using these
materials for a recording layer.

However, since these materials have also higher

anisotropy field, saturation field and coercivity as
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5 inpossi ble due to insufficient recording field. 1In
order to solve the problem tilted perpendicul ar
recordi ng has been proposed in recent years (see, for
exanpl e, | EEE Transactions on Magnetics, vol. 38, pp
3675-3683 (2002)). Although 10 magnetic crystal grains
in the conventional perpendicular magnetic recordi ng
medi um are oriented such that {he easy axis of

magneti zation directs to the normal Iine to the film
pl ane, the magnetic crystal grains in the newy

propgsed Q?gﬁfé.érngﬁéyﬂél1§l§5€u9£58ﬁ:ggsgggﬁ$gﬁztthey

t he easy axlis of magnetization IS ti

nor medghine 49 iherdisanplansraShyceisughsdrmenRELSzation
recordi ng nmedi um enabl es recording on a magnetic

recorevergsd Bydt wOPIinGi NQAcsBgaeh§Ty £r¥yséal 16rai BErrently
having a | arger magnetic 20 ani sotropy than that of a
convavdibrale magiteing hegériswisdda suffeoiéyt writing is
avai | abl e magnetic head, nmaking it possible to
sigrﬂWPQﬁﬁ&@ﬁLiﬁ%@oV% imep Rl cienet vecppAingesisidnce.

Accordin , 1f such a netic recording _nmediumis
fabricatggxu%¥ﬂ@rtﬁ% %%g% -HEﬁtPBﬂ%He@rdgFéHeés al | oy
mat er i vi.n | arge.nagneti c,_ani sotro t he

nmag e%%e$§é%$%ﬁgr%%?%ﬁ%%Tsb]%e%&c%ﬁf?%ﬁ%[é?nln recent
t her I at j ' nc ' h
ot ior harde LoF SRR oPeEE A e iy S
chanacdedd sdd csy@nd gyerywifer § WY g shas ags Bl StA$Shough
conpared wth the conventional ones. Wen the

abovea grent i O nedly Of FBr ¢ Bhd Oyn ek erédhvént sonsed for

the magnetic recording layer of the tilted

. pergenekrodd e 1 a e oo gh ergi aredké coyd oy Shedl i ghad he oriented
thereof should be oriented such that the c-axis as

t he |y thad sthe emynaasiatobmignetizadiénoditéets to

normal |ine , ,
the normal line to the film plane, the magnetic

crystal grains in the newly proposed magnetic medium
are oriented such that the easy axis of magnetization
is tilted from the normal line to the film plane.
Since such a magnetic recording medium enables
recording on a magnetic recording layer comprising
magnetic crystal grains having a larger magnetic
anisotropy than that of a conventional magnetic layer
with a currently available magnetic head, making it
possible to significantly improve thermal fluctuation
resistance. Accordingly, if such a magnetic recording
medium is fabricated using the above-mentioned ordered
alloy material having a large magnetic anisotropy,

the magnetic recording medium will be excellent in

thermal fluctuation resistance as well as in the
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to the filmplane. For exanple, it is conceivable to

10 align the (111) of (110) plane perpendicular to the
filmplane. Since the c-axis is perpendicular to the
(001) plane, the c-axis is expected to be tilted at an
angl e of about 56' or 45 relative to the normal |ine

to the film plane when a (111) or (110) orientation 15
filmis formed. As has been repgprted in the above
docunent, the recording field my be reduced to a

| owest | evel when the tilt angle is 45 . An exanple

of (11 tigotatian, Lil Nhaxi.al | r n

ol ngl 6 a7 st ol "otbet Far 6 sueh s O CILO) s R4S 20
knowsn s 9z datei stRwevehd BoeRlRereMRR0d chakabeeiRG ics
the (110) orientation filmhas been reported. Thus,

t he ecompenednmetbhdtat aeAvkactivhiangohke.(110)
orientation filmthat involves the use of a single
crystal sUbstrahe ebonetmenittiablee foadetrirel HDDoyediatmrial
25 in view of" the cost. On the other hand, a (111)

ori ehfavFef fprntbanmagsekycheerardiact dregroniatileass ited

substrate. However, since the tilt angle of c-axis in
t he PEIRFOLFBARAL FEROFALRPI BeFabRer CEYS§8Lagrains thereof

d 1 b At [ film.h

Si m FAPOSPT Bt BF 6o 5 N a0rBng  EbaERE) CRAGHGI e the asy

;?CO%QhEgoﬁeﬂbgﬂbt§95§§8peﬁg'¥11EQ8 GEURINEL! 219823 1ine
ields ' Tn the vicinity of magnetization transitions in

the pedigm beepnpihacger rbhaxbhese, ofitthe conceivable to
per pendi cul ar magnetic recordi ng nedium leading to no

| mprgvegBnthen (B3NR) BRI kR 1 SYMYARY e Op e THENUNVENEKON61@ he

A magnetic recording nmedi um according to an aspect of

t he piésepiahnventianecohpr csesisaisspesbratecudali st the

underl ayer formed on the substrate
(001) plane, the c-axis is expected to be tilted at an
angle of about 56° or 45° relative to the normal line
to the film plane when a (111) or (110) orientation
film is formed. As has been reported in the above
document, the recording field may be reduced to a
lowest level when the tilt angle is 45°. An example
of (110) orientation film epitaxially grown on a
single crystal substrate such as MgO (110) has been
known to date. However, no other method for forming
the (110) orientation film has been reported. Thus,
the current method of manufacturing the (110)
orientation film that involves the use of a single
crystal substrate is not suitable for the HDD medium
in view 0of the cost. On the other hand, a (111)

orientation film can easily be manufactured on a glass

substrate. However, since the tilt angle of c-axis in
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and conprising an anor phous alloy containing N; a
crystalline second underlayer fornmed on the first 15
under| ayer and conprising sinple Cr or an alloy
containing Cr; and a magnetic recording |layer forned
on the second underl ayer and conprising at |east one
el enent of Fe and Co and at | east one el enent of Pt
and Pd, and contai ni ng nagnegicscrystal grai ns havi ng
20 an L10 structure, wherein an”oxygen anount

remai ning on an upper surface of the second
undeglgyi i LatgRt . chBan (27,0640 Juount, femini ng
on a lower srface of e sécon erlaye Ik
wher gkBc2iRaHMbokkne i£03a s%qglkh%EaQ%eo&1HQPha
magnetic crystal grains in the 25 magnetic recor g'ng
| ayesimslati earedtwrkhta Ehbtl@ﬂ@ﬁQudhﬂaq @ %ﬂ¥

to 25' to a normal line to a medium plane. net h o
of nmamobadtiogi ngdaumagnebneeneeardiyng theediet@gnetizing
according to another aspect of the present invention
conpfF@égS depdbet vagiaityr sf wmadeetayeriocompensingons in
an anprphous all oy containing Ni on a 5 substrate;
heat FR§ Fﬁ@lgmeFFﬁﬁé @éraefeﬁbéﬂaﬁbpéelﬁfathﬁange of
25 to owed by all owi ng oxygen to_be

adsopﬁﬁaeBa ShéﬁFf588“8F1Fh§eFPF§€n8n@§ Faffer 1eading to no

depo ysta ne second underl ayer conpri sing
ﬁhg%ggggegg g Ig§hcontaln|ng Cr on the first 10

under | ayer havi ngragsoshRfiaRey BRI AN IERASH 10 2 |

magnetic recording [ayer on the sécon

magneti c Aeﬁabdbﬁgc|@E@br@@ﬁ@rh%ﬁ@ﬁma%ck%éﬁﬁn%n%o an
el enent of Fe and Co and at [east one el enent of Pt

and ®dpand obnthenpngsemgnehizenctyat abmgrakes:havi ng

15 an L10 structure. BRI EF DESCRI PTI ON OF THE SEVERAL

VI ENSUOFt TREeDRAWENGst underlayer formed on the substrate
and comprising an amorphous alloy containing Ni; a
crystalline second underlayer formed on the first
underlayer and comprising simple Cr or an alloy
containing Cr; and a magnetic recording layer formed
on the second underlayer and comprising at least one
element of Fe and Co and at least one element of Pt
and Pd, and containing magnetic crystal grains having
an Llg structure, wherein an oxygen amount remaining
on an upper surface of the second underlayer is larger
than an oxygen amount remaining on a lower surface of
the second underlayer, and wherein a normal line to a
(001) plane of the magnetic crystal grains in the
magnetic recording layer is oriented with a tilt angle
in a range of 3 to 25° to a normal line to a medium

plane.
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FIG 1 is a cross-sectional view show ng a

per pendi cul ar magneti c recordi ng nmedi um according to
an enbodi nent of the present invention; 20 FIG 2
illustrates a magnetic recording |ayer having an L10

structure; FIG 3 illustrates the orientation of the
(001) plane of crystal grains in a nmagnetic recording
layer; FIG 4 illustrates a nethod for nmeasuring a

pole 25 figure; FIG 5 is a cross-sectional view
showi ng a perpendi cul ar magnetic recordi ng nmedi um

accor di ng,t g angbher: GIbadiENL of, Lhe present FSRGFS 9

i nvention; 6 is a Cross-sect

perpﬁ@@iﬁﬂl§Ec8§9@ﬁgiEorQBBEQEQQag?gk%wb§c%%%d52%é%%%

anot her enbodi nent the present invention; 5

IS ai 670861 6RCELAPRL s¥E@WIEBBWLERI NG 2P RERILGULEN ayer
magneti ¢ recordi ng medi um according to another

embodomeni sbhgt be pmespAbusn¥enbyoBonkbE&ni8qgl Nidon a
cross-sectional view show ng a perpendicul ar nmagnetic
recosdbaygrakdi uheattngdihg sobst@aarother erbodiraente in a
of the present inventign;, FIG 9 is a cross-sectiona

vi ewr 3Pe%i g 85 per pBAd cuf ¥ lememery cak bewing ngrygen to
et SRS SEP el a0 p s AP ar et FOB ¢hERtS HORPRG ST
oraodrnEst LEpS et P L SRRAE s ER e thte2ah9x ogor ising
eoorTBet rSh b ¢ a2 00Y] B8y Pa RERRCEE. BN BhemRORSL! €

i nvept 40P a¢Or Fhéy 144 L§sB8rBEAPBXSHEW. NG A depositing a
rel ati onship between
magnetic recording layer on the second underlayer, the
magnetic recording layer comprising at least one
element of Fe and Co and at least one element of Pt
and Pd and containing magnetic crystal grains having
‘an Llg structure.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a cross-sectional view showing a
perpendicular magnetic recording medium according to
an embodiment of the present invention;
FIG. 2 illustrates a magnetic recording layer
having an Llg structure;
FIG. 3 illustrates the orientation of the (001)
plane of crystal grains in a magnetic recording layer;
FIG. 4 illustrates a method for measuring a pole
figure;
FIG. 5 is a cross-sectional view showing a

perpendicular magnetic recording medium according to
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an X-ray diffraction intensity obtained by the pole

figure nmethod and a tilt angle ~ fromthe normal |ine
to the medium pl ane when the tilt angle a of the
normal line to the (001) plane of the crystal grains

25 in the magnetic recording layer is 0'; FIG 13 is a
graph show ng a rel ati onship between an X-ray
diffraction intensity obtained by the pole figure
nmethod and a tilt angle 4) fromthe normal line to

t he medi um pl ane when the tilt angle a of the normal

| nehoehbe EALY;REARS ! ghgg,pggg%}qg 1958L83onl 1 L he

magnetic recording layer a graph

show ng aFE@La%iQBSBiErg%%“%%@ti%n%qb%ﬁ%%t%howing a
tenperature after deposition of the first underlayer

and petpéhdangleramafntbecneeasldingemeaiuhhact@@ling to
pl ane of the crystal grains in the nmagnetic recording

| ayeanotibeEl &nbdé8imsna gfapheshowspgtainekationshi p
between an anmpbunt of oxygen exposure after deposition
of the fFESt uUndérPagspsangeatithglangey shofvitige a

normal line, to the (001) plane of the crystal grains
in tRerPRAGHELLEY r BRBRAFAG Fagerding ppdiumsapsogding to

h i I Ki , Wth
or 20l QUGB CAMR! scoLa cockingcuive it
th ' - h 1 f.th t al
(e nor ekl 0 the (001 plang a0l e SEISLL o

17 i ' - a i
w8853 S e et TRATER, FPoBRgIBa,

of tagoprerabmbbaeménttbe (HO1)rakane ohytheichyst al
grains in the magnetic recording layer is 12;

FIG. 9 is a cross-sectional view showing a
perpendicular magnetic recording medium according to
another embodiment of the present invention; |

FIG. 10 is a perspective view showing a magnetic
recording apparatus according to an embodiment of the
present invention;

FIG. 11 is a cross-sectional view showing a
perpendicular magnetic recording medium in Example 1
of the present invention;

FIG. 12 is a graph showing a relationship between
an X-ray diffraction intensity obtained by the pole
figure method and a tilt angle ¢ from the normal line
to the medium plane when the tilt angle o of the
normal line to the (001) plane of the crystal grains
in the magnetic recording layer is 0°;

FIG. 13 is a graph showing a relationship between

an X-ray diffraction intensity obtained by the pole
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25 FIG 18 is a graph showing a rel ationship between
atilt angle a of the nornmal line to the (001) plane
of the crystal grains in the nagnetic recording |ayer
and SNR;, FIG 19 is a graph showng a relationship
between a tilt angle cc of the normal line to the
(001) plane of the crystal grains in the magnetic
recording layer 5 and OWcharagteristics; FIG 20 is
a graph showing a rel ationship between a N content
of the Ni-Ta alloy (first underlayer) and SNR FIG

21 is. i i hi 10 .
Cont ShGuBE AADCRAGENA B EEIPCLAGTEI B RENCERe ) AgrRapine
as vebltRs Beliihh pnghe aneh the ee&eahnlgheea be the

(001) plane of the crystal grains in the” magnetic
recondimgl | ayee; t&l €ne22008) apgeaphoghewenNgrgstal grains
rel ati onship between 15 a O content of the C-Ru

al | oyn (skeeandonatec| ageoydingdl SNRrasswebP; as a tilt

angle (x of the normal line to the (001) plane of the
crystal gFéFmnslfnishe gmaghesheowiegordirrgalttapashipl Between
23 is a cross-sectional view show ng the 20

per penditRst 53t fragPRPEEaEUESr Af heT nBEPORL L AOBXafptBe3first
FIG 24 | ing a relatigonship between a

a graph sho ,
tilt" %%?ia¥egfé ﬂeénB? IaP?ﬁE ot hENE2BOFMBlanéneot o
ae vt REORP R Br et HY PRETNEFRANS] netls PRanetic
25 (POdyrpiRge1ffethe crystal grains in the magnetic
recording layer;  and FIG 25 is a graph showing a
rel ati onshi@. besweena-g#fph showing a relationship between
an amount of oxygen exposure after deposition of the
first underlayer and a tilt angle o of the normal line
to the (001) plane of the crystal grains in the
magnetic recording layer;
FIG. 16 is a graph showing an example of a
rocking curve with respect to the (002) plane when
the tilt angle a of the normal line to the (001) plane
of the crystal grains in the magnetic recording layer
is 0°
FIG. 17 is a graph showing an example of a
rocking curve with respect to the (002) plane when the
tilt angle a of the normal line to the (001) plane
of the crystal grains in the magnetic recording layer
is 12°
FIG. 18 is a graph showing a relationship between

a tilt angle a of the normal line to the (001) plane

of the crystal grains in the magnetic recording layer
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the ratio 012/023 of an oxygen anount at the interface
between Ni -Ta (first underlayer) and C (second
under | ayer) to an oxygen anmount at the interface
between Cr (second underlayer) and Pt (third 5

underl ayer) and SNR as well as a tilt angle a of the
normal line to the (001) plane of the crystal grains
in the magnetic recording layerq DETAILED DESCRI PTI ON
OF THE | NVENTI ON The present invention will be
described in detail 10 belowwith reference to
drawingseykl G 1 shows a cross-sectional view of a
magnetic” recordi ng medi um according to an enbodi ment

of the pgggent o A¥eRt LERLHTREFBIRLE ¢8R HM p between
medi um has a structuré conprising a first underlayer

21, a setendnddeunder! ayer ndzmaa mageeticC thecqudilng plane

| ayer 31 and a protective |ayer 41 stacked on a
substfatkelcrnsthisgreider inEatk hageetdt treeoradmnet ilayer
recordi ng medi um of the present invention shown in

FI G andwo¥| cheraotdesstiibed in detail. Exanples of the
non-magnetic substrate 1 include, for exanple, a

gl ass subSifFat 80 &8 Al 9Ba®Ed SRIOWENI Substedtieonshig between

single crystal substrate havin n oxi.de on the

sur Tachit FERESRE BlcERantie- CabSLiaVe idoss tadsrasyee) and
subsggﬁte. These nonmagnetic substrates nmay have a

pl ated hetal such as a NP alloy on the surface

e eF 5b Sl SkaRISILANeE LA cesmily noceer
of tRecrmagRethe recehdi pg-lrayen13d. (second underlayer)
and SNR as well as a tilt angle o of the normal line
to the (001) plane of the crystal grains in the
magnetic recording layer;
FIG. 22 is a graph showing a relationship between
a Cr content of the Cr-Ru alloy (second underlayer)
and SNR as well as a tilt angle o of the normal line
to the (001) plane of the crystal grains in the
magnetic recording layer;
FIG. 23 is a cross-~sectional view showing the
perpendicular magnetic recording medium in Example 3;
FIG. 24 is a graph showing a relationship between
a tilt angle B of the normal line to the (200) plane
of the crystal grains in Pt (third underlayer) and SNR
as well as a tilt angle o of the normal line to the
(001) plane of the crystal grains in the magnetic
recording layer; and

FIG. 25 is a graph showing a relationship between
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The first underlayer 21 conprises an anorphous 5
alloy containing Ni. The term "anor phous" as used
herei n does not al ways nean perfectly anorphous
substance such as a glass, but may include a substance
in which fine crystals with a size of 2 nmor less are
randomy oriented. Exanples of the preferable 10
anor phous al l oy containing N iQFque Ni - Nb, Ni-Ta,
Ni-Zr, N-W N-M, Ni-H and N-V. The Ni content of
these alloys is preferably in the range of 20 to 70
at % _The .qy ~hardl cones .anmor phaus i.f _the N .

S rE Bl OB R B2 o T ERELaNeTRs Atnirmd e race

cont en ess Xcee at%

15 cgptgBEnl §ipraf erably LAqLhe L ange 0f 20 QLR %
and the alloy having the NI contént in this range

t endanberfidreher tbomahove ygiR. ahbensecend hendeftleayerce22
conprises sinple & or an alloy containing Cr, and is
crysbaklere. CExdapkead ROdefrltlerCr aakl @y gt@iC@d Ti

and Cr-Ru. The Cr content is preferably 60 at % or

nor ebnperéapesd epabl gNRnashweliangeaofti6d togd®s at %Wt the
and further preferably in the range of 70 to 85 at%
SNR tent3dlt éipe far ther (O0Apr ovedewhdn thige c@y st emains
is in the above-nentioned 25 range. In contrast, SNR
decr eBsE8CWRBATEReCCreEOREARE LRA¥eFess than 60 at %

frim 12 e AEhnaer OrilaPhr fon (dper St ERREHHERS a
| east oneF%EeEQQEe%g EEX%QQig% %qqla%el%%%QIQQ%d én detail

el enent of Pt "an contains magnetic cryst
grai pe1Bavivignaneki@estbUeLURRawEnYit h respect to the

preferabl e conposition of the magnetic netal elenent

and the nelilce nmetsdlowel @MmRosishsectional view of a magnetic
recording medium according to an embodiment of the
present.invention. The magnetic recording medium has
a structure comprising a first underlayer 21, a second
underlayer 22, a magnetic recording layer 31 and a
protective layer 41 stacked on a substrate 1 in this
order.

Each layer of the magnetic recording medium of
the present invention shown in FIG. 1 will be
described in detail.

Examples of the non-magnetic substrate 1 include,
for example, a glass substrate, an Al-based alloy
substrate, a Si single crystal substrate having an
oxide on the surface thereof, a ceramic substrate and
a plastic substrate. These nonmagnetic substrates may
have a plated metal such as a NiP alloy on the surface

thereof.
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t he perpendi cul ar magnetic recording | ayer, the Pt

content is preferably in the range of 32 to 65 at%for

a Fe-Pt binary alloy, the Pd content is preferably in

10 the range of 40 to 63 at% for a Fe-Pd binary all oy,

and the Pt content is preferably in the range form 40

to 70 at% for a Co-Pt binary alloy. An L10 ordered

phase may be forned when the c osition of each alloy

is in the above range. 15 El enents such as Cu, Zn, Zr

and C, and compounds such as MO and Si Q2 may be

added in a ri nt, i n_th r pendi cul-ar
Tagnet i o LoGoraTRg Aer LNBE e SHr peceThy v 22
nmagngté Cp eHAL gelieEbLst i ing! r e

transduc?ng charag?gr?ggfgg?ngo%gsdggﬁgﬁgg 85 Fge
partmeghatiy peebesahgelboer gnhancing ordering of the
ordered alloy. Although the thickness of the

per pendi cUhar finghetinderdéegedi B3 kayer iisesdehemmiorethous
dependi ng on the requirenment for the magnetic

recotHt Py S9RteiNing N25 j Shpr éfsmabryorphphe"r asgased
0.5 to 50 nmm nore preferably 0.5 tg 20_.nm The
magret T 17 eS8 RGLI Ay ERYShARANYPEBERE LAY CBROFRIOUS

| when the_thi ck is_13 |ler than 0.5 A
mul 1YY 7 | TP Si RY=FAo B nBFd SCKER o Substance

DagnEh Pl S PE PR 0L DG B L BE BN 2 CRRLEoLE) o b8 Rkgs are

be used as the magnetic recording Fayer.

5 nopsp@GRe) i &l ayesqMmysRepl Q¥ dedras BPeferable
internmedi ate layer in the nagnetic [ayer conprising

t wo @moﬂpm@usn@gnﬁyi@ohﬂ&@ﬁﬁngENQh@ﬁ@§u§@UNHLNQ, Ni-Ta,
interaction and/or nagnetostatic coupling interaction

can MrtZon NheW, staeked Whghet andl Hyevs i DhehNs eas€ent of
The structure
these alloys is preferably in the range of 20 to
70 at%. The alloy hardly becomes amorphous if the Ni
content is less than 20 at% or exceeds 70 at%$. The Ni
content is preferably in the range of 30 to 50 at$,
and the alloy having the Ni content in this range
tends to further improve SNR.

The second underlayer 22 comprises simple Cr or
an alloy containing Cr, and is crystalline. Examples
of the Cr alloy are Cr-Ti and Cr-Ru. The Cr content
is preferably 60 at% or more, more preferably in the
range of 60 to 95 at%, and further preferably in the
range of 70 to 85 at%. SNR tends to be further
improved when the Cr content is in the above-mentioned
range. In contrast, 8NR decreases when the Cr content

is less than 60 at% because the layer tends to be a

(111) orientation film.
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10 of the magnetic recording | ayer may be

appropriately selected depending on the magnetic
characteristics required in the nmagnetic recording
system or rmanufacturing process. The perpendicul ar
magneti c recordi ng nmedi um 15 having the

above- descri bed nagnetic recording |ayer has good
read/ wite characteristics withogoad SNR, OW
characteristics and thermal stability, and enabl es

hi gh-density recordi ng. Exanples of the material of

t he protegtv F; s nel ' i%EH? ~ld ke

car bon (Eféf,ﬁgbﬁﬁ?lgi%gCégﬁé%%N%g%ﬁglSgrica ?ﬁge%afgr
(not 1shevnpneBy1bRent ObEEO0BNENhEoPRAHEEET YR akRY @hedl.
FIG 2 shows the L10 structure of the magnetic
crys¢aémgnai s Po khe pagnehdccoacatdsngabayen c3trysedl
25 in the present invention. As shown in the draw ng,
the ¢t8@issrbaviuneg eef Big sbractpystal structure in

whi ch heteroatons such as Fe and Pt are alternately -
14 and rBgbharryrgcspssedheordeiedaphgs €Pmpesa tploanef the
per pendi cul ar t axis (for exanple ¢-axis)

|
on c@?g?ﬁFlFa??gég %igﬁggtoﬁng faEenebnfefgdal element in
o regonal Lathi e n conlcant e dispinced shage 5,

havi ng™n ru

cubi g, hathices ﬁgﬁggﬁgglthH‘kﬁergﬁﬂg§2¥ﬁggﬁakgd6%tat% for

lattice points. he cryst

consii bEt bAgRE A8 ryMBUNEY| CthecerdLRdrbayer s3h 28 kB8 y in
L10 structure or 10 not can be confirnmed using a

conventi eangeXofayodibf 6achtenrappar abusd binpegksiloy,

(ordered lattice reflections) assigned to planes sucg

as (804)thélk0)content is preferably in the range form 40
to 70 at% for a Co-Pt binary alloy. An Ll ordered
phase may be formed when the composition of each alloy
is in the above range.

Elements such as Cu, Zn, Zr and C, and compounds
such as MgO and SiOp may be added in an appropriate
amount in the perpendicular magnetic recording layer
for the purpose of improving magnetic characteristics
or electromagnetic transducing characteristics.
Addition of Cu is particularly preferable for
enhancing ordering of the ordered alloy.

Although the thickness of the perpendicular
magnetic recording layer is determined depending on
the requirement for the magnetic recording system, it
is preferably in the range of 0.5 to 50 nm, more

preferably 0.5 to 20 nm. The magnetic recording layer

hardly forms a continuous layer when the thickness is
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and (003), which are not observed in the disordered

face centered cubic lattice, are observed at 15

di ffraction angles corresponding to respective plane

spaci ng, the presence of the L10 structure can be

confirmed. Wien the magnetic particles are as small as

about 5 nm and coherency of the crystal lattices

bet ween 20 adjoining particlesqare_small, an anorphous

phase may be observed in X-ray diffraction. Since

these planes are tilted to the nmedium pl ane, the

inteqgities ehantbheseppeaks are so lowered in a comon

0-20 nethod that these peaks may hardly be observed.

However, E5mhm€§$ap@@k$1QﬁncBﬁpQ@§§h§GQWQyo&nm%h%n%tacked

X-ray dlffractlon (in-plane XRD). Oherw se, the

st r ucdgmet canl bpeconhbvied ﬁhfﬁughneb&ﬁéyabteﬁl@ﬁ1Ebn&ay

15 structures using a transm ssion el ectron

i crigscoped TEMpe FrEneBischemardltabl yaykkust hat ésaat one

cross- sectional structure of the crystal grains the

nor RPN -BRgR ekl € olavier (08Y) bpl AREVeHedhprEhansinteaneddate
tilted direction to the nornmal line to the nedi um

pI aﬁle AYEach? c‘f%t%?g@?‘é%ﬁ 11§Y?Epi3%@@ﬁf-ééln6ytblo or more

o il fle 1L ofEEEEﬁngiog8P$i%89 @Paﬁﬁapglon and/or
i | gl o dbies 0pE By b D ! %légfacﬁgerg Bl ane. ounepe

the tiTt angle is rep esen angl e ‘as

Use%dﬁﬁﬁédlm&@ﬁ%§1&01§y§9E|gn @HgéecggénEdTQQt§@§Gcture
the normal line to a plane (which 1is parallel to

c- axds tmetmmgmasfcofeéﬁﬁd)n@lBﬂgérlﬁagnﬂetQppﬁ@pﬁﬂbtely
line to the nmedium pl ane. Since the
selected depending on the magnetic characteristics
required in the magnetic recording system or
manufadturing process.

The perpendicular magnetic recording medium
having the above-described magnetic recording layer
has good read/write characteristics with good SNR, OW
characteristics and thermal stability, and enables
high-density recording.

Examples of the material of the protective layer
41 include C, diamond-like carbon (DLC), SiNg, SiOy
and CNy. A lubricating layer (not shown) may be
formed on the protective layer 41.

FIG. 2 shows the Llgp structure of the magnetic
crystal grains in the magnetic recording layer 31 used
in the present invention. As shown in the drawing,
the Llg structure refers to a crystal structure in

which heterocatoms such as Fe and Pt are alternately
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easy axis of magnetization of the magnetic grains
having the L10 structure is parallel to the c-axis,
the easy axis is also tilted fromthe nornmal line to

t he medi um pl ane when the crystal grains are fornmed in
20 tilted as described above. Accordingly, the

af orenenti oned perpendi cul ar nagnetic recording nmedi um
having a tilted easy axis of nﬁgnetlzatlon can be
formed. The orientation direction of the normal |ine
to 25 the (001) plane (c-axis in this case) used

here'g?orgégigf%g ? nggggl Qraerég'Bﬂﬁgh?cgg;%ag#ane

lines ane (c-axrs

most, of éﬁ§1%§1a9r¥§F§'cQg§£Q Q&?sorE§9t%%améa% €Q0%) s

pl ane of each magnetic crystal grain o gnetic

reCOéﬂ'@ﬁyéﬁaffléﬂtEBS pBYAeELi 6£r 8CeREENGeniRG LM
according to enbodi nents of the present 5 invention is

ori enéetagbhhl alatticangl Enaconttbet;angaisetrddrkd Bhase
Each tilt angle a is not largely distributed in this
rangeivang exhrégusaa saruetucendergedaafecrdcantamghe
within the afore-nentioned range. The tilt angle a is
not @upiankabhgre, BOE @320 §§Pmdl§n§ﬁédomé&oﬁépﬁ§?9 at
the 001 | ane of each «crystal grain in the magnetic
reco ﬂ?ﬁ% ga?%?nﬁﬁy be randomy distributed with a

sol1d a0, eebtp g0 ano 00 allel o the medlun o
b fsth I [
et Ly e i e 0

recofdi ngahayer chark bmkheutangea OEoﬁvEEtlénalBQL?a§NR
and OWcharacteristics are renarkab y

diffraction apparatus. If peaks (ordered lattice
reflections) assigned to planes such as (001), (110)
and (003), which are not observed in the disordered
face centered cubic lattice, are observed at
diffraction angles corresponding to respective plane
spacing, the presence of the Llg structure can be
confirmed.

When the magnetic particles are as small as about
5 nm and coherency of the crystal lattices between
adjoining particles are small, an amorphous phase may
be observed in X-ray diffraction. Since these planes
are tilted to the medium plane, the intensities of
these peaks are so lowered in a common 6-20 method
that these peaks may hardly be observed. However,
these peaks can be observed by in-plane X-ray
diffraction (in-plane XRD). Otherwise, the Llg

structure can be confirmed through observation of fine



10

15

20

25

i mproved when the tilt angle is in the above-nentioned
20 range. However, if the tilt angle is |less than 3,
OW characteristics are degraded due to increase of
required recording field. On the other hand, if the
tilt angle is larger than 25, SNR characteristics
tend to be degraded due to degradation of the signa
25 intensity. A nethod for nea g{lng the tilt angle of
the normal line to the (00i) pltane in the magnetic -
recording layer wll be descrlbed bel ow. The
dlre h Ilne tg.a stal
i's tgﬁkggtggﬁ@gg%evglga?% bgég on §l§§ g%ﬁ g& pe
figurepMsing an X-ray diffraction apparatus, for 5
exanple ?see B. DD CQullity and S. R Stock, Elenent of
X-ray Diffiract |3orsch%lfn®tq@atm@/n,l19@54(}%1&3)51 A d@i-hod
for neasuring the pole figuré will be described with
ref esenteohalFkGruédtuhe olfl tskr aredtian gtrhe ndr aMeNGormal
the angles 0 and 20 are fixed at a 10 diffraction
angl &108r &ggtargl(€flof pdaceysfawhpkanést orilated in a
eval uated, and diffracted X-ray is nmeasured while
chan§ith§eandaZpRELRAI tanghe normathe imeditemtplearme ddmn
a tllaaangle cp fron1thz normal line to the nmedi um

pl anB2PFovi BaGDt AAYSERE FFaRE (6 BEPEFILRAEEd bivs 815
hkl th f. Le.is not necessarily a
g ff%ég ?ggraﬁ n SF%tﬁEX%%E|998Wéﬁg and it may beya
di ff t I I Lel, to I
dhfiractipe, %&éﬁ% a3l Lol Lesthe (e
angl @r9§£5§8995%n95t eithedr %' %ﬁte' %r Qmﬂﬁ% tX02he
20 pl ane may be neasured in place of e (001) plane

of hhalﬁmy@ﬂahegfahﬁr@fth@etdQQV@nﬁﬁath@nQ@pké@ented by
a. The tilt angle as used herein refers to a solid
angle formed between the normal line to a plane (which
is parallel to the c-axis in the case of (001) plane)
and the normal line to the medium plane. Since the
easy axis of magnetization of the magnetic grains
having the Llg structure is parallel to the c-axis,
the easy axis is also tilted from the normal line to
the medium plane when the crystal grains are formed in
tilted as described above. Accordingly, the
aforementioned perpendicular magnetic recording medium
having a tilted easy axis of magnetization can be
formed.

The orientation direction of the normal line to

the (001) plane {c-axis in this case) used herein
refers to a direction in which the normal lines to the

(001) plane (c-axis in this case) of most of the
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structure. How the crystal planes are three-

di nensional ly distributed can be evaluated fromthe
changes of the diffraction intensities obtained for cp
25 and ~. For exanple, when the normal line to a plane
to be evaluated is parallel to the normal line to the
medi um pl ane, the diffraction intensity is in maximm
18 when cp is 0. Wen the norpgl line to the plane to
be evaluated is tilted to the normal line to the

medi um plane, the diffraction intensity is in maxi num
whe ' I 0 ing to the inclination

to ?%gp%t%%rﬁg §ﬁ?n§r§oégﬁéﬁg§ ium pl ane to be

eval uat edrh¥hepo1§ hg18h8t birbHbEANMEBNERS cditheekian Qhin of
the tilt angle cp 1s to be nore quantitativeély

evaltiet ethgtérei X-rayordphgnsaveesinbtaengdgwethic recording
respect to the sanme cp are integrated with respect to
~, amfivre syetoeddfgcpolémgbdimgntheoki ghespriestansity
can be obtained by plotting the integrated

i nt eS8 e5OR of S cprigmendt iethodnbl1ti argle ehén the range
crystal_plane js oriented in the direction tilted to

t he HortafC 14 e t &23hd ddiaa i dhel adHeskrTIeby
above,_.a characteristic _15 curve.is obtained b
neaéﬁ%%?ﬁfiﬁ%gggcﬁTl 5 oERPPG” caPJeStRFRGCENR XRDUS

app e ng. c i S. S d setti
e = e e B B e DB PR P e S bRgohea
Br agg le f a 0 Vv ed

and ségﬁﬂindﬂ?ﬁetgﬁglﬁﬁ%ﬁ%g&igézgSEI%ipg??gvﬁéﬁﬁ%hebut a
nor red1id nend De I hen&eysd ahg Py Anené s (00 M) t Peadir g6t L9AN
of the normal line to the medium plane, a maxi mum
pealkcisstobt ajreth atn atipoimégnettberevbedhgylafethRay be
poi nt where Co equals 0. In contrast, two nmaxi mum
peaksardemnbbt &l sleri ket etighesh Go shhtdasegle a to a plane

parallel to the medium plane, or may be anisotropic in
one direction.

The more preferable tilt angle of the normal line
to the (001) plane of the magnetic particle in the
magnetic recording layer is in the range of 5 to 15°.
Both SNR and OW characteristics are remarkably
improved when the tilt angle is in the above-mentioned
range. However, if the tilt angle is less than 3°, OW
characteristics are degraded due to increase of
required recording field. On the other hand, if the
tilt angle is larger than 25°, SNR characteristics
tend to be degraded due to degradation of the signal
intensity.

A method for measuring the tilt angle of the

normal line to the (001) plane in the magnetic
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25 toward a slightly higher angle and a | ower angle

wWth respect to 0, respectively, when the normal |ine
to the crystal plane is tilted fromthe normal |ine
to - 19 the nedium plane. On the other hand, when the
normal line is oriented in the direction of the
normal line to the nmedium plane but orientation

di spersion thereof is large, gr when the degree of
orientation is nmerely 5 low, although the peak is in
naxinun1in the vicinity of the point where w equals

0, t t ak ds to
be | hevondend! HAy8E UL ERXREURBLA BRaReR L uR

nor n@l r&&nesnt On LRechr ¥akahophanelane QB'%”E?@sﬁbﬁhp@ane
tilt angle is 10 different fromthe sate in which the

degree oiltedi eahabkoavisubeeal yakew. oA ﬁetsBO@anled pole
manuf acturing the magnetic recording nedium shown in

FI G flgaceonding &o Kheagnbdodfmentioh apberptesenttor
invention will be described below First, 15 the first
undetkayeic21ses HepBsi fedlonyt hedslbsRrabsock, Fhement of

the substrate 1 is heated and oxygen is allowed to be
adso?béﬂyoﬁlﬁﬁéagﬁFPﬁce36§ FﬁétFPPstppuH88rH§9ér 21.

Af I be ad
ungzglgyeg Qf ﬁygggc§%853538§|§3 Pfgezélggre w&ll be

depo&égggl th9§ & Eé% EQQSE' %e%lél TheAgagT%hs%rated in

recordlng ayer ep05|te on t he secon

Unde{ﬁéygfaggn%Thgﬂe EHSlQEOQeQE&Vﬁelngrfé%easat a

deposited on the magnetic recording |ayer

manufactpsecibe gRgNet (8raggondyNg) "B@lanb9§sE€§ $2ane to
present invention. For form ng the underlayer and

magneti evataatdingantayerfiractba Rreaontisi neastired, while

vacuum evapor ati on,
changing an azimuthal angle ¢ in the medium plane and
a tilt angle ¢ from the normal line to the medium
plane. Provided that the plane to be evaluated is
(hkl) plane, then the fixed angle i1s not necessarily a
diffraction angle of the (hkl) plane, and it may be a
diffraction angle of a plane parallel to the (hkl)
plane such as (2h2k21l). For example, a diffraction
angle corresponding to the reflection from the (002)
plane may be measured in place of the (001) plane of
the crystal grain of the above-mentioned Llg
structure. How the crystal planes are three-
dimensionally distributed can be evaluated from the
changes of the diffraction intensities obtained for ¢
and ¢. For example, when the normal line to a plane

to be evaluated is parallel to the normal line to the

medium plane, the diffraction intensity is in maximum
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20 sputtering, chem cal vapor deposition and | aser

abl ati on may be used. Favorably used sputtering

nmet hods i nclude single-target sputtering using a
conposite target and nulti-target sputtering using 5
plural targets of various elenents. Ordering of the
magneti c recording |layer may be readily advanced by
heati ng the substrate at a Leng%raLure in the range of
200 to 500C before and during deposition of the
magnetic recording layer. 10 The substrate tenperature

1 fopnhah! @M 89o0xygplen ton dey SesR1 bfgngnt$h€h§ugi§88 to be
of the first underlayer 21 is in the range of to

280G vdheateapesat UL eeliStoCORkr abkRe1bY iebangi Reet AR dium
heating time. The oxygen adsorption nethod conprises

t he siaps, othendibflnechyoa 1htehetite asovint makiexygehen ¢
into the deposition chanber, and exposing the surface

of the 2esahgaat candespaydingt bot hbeatinodphereéon to the
contai ni ng oxygen for a short period of tinme. O her

met heRisMad al 138 BOi heeudedéxporiiaget ke bsubgedapséeds When
ozong, |rraﬁ|at|n the surface of the 20 first

unde?h%y%?sﬁf uBk?@ehnrSB?CQFgeSFlaﬁyﬁéntP8n§lltTﬁégle ®
oxyg§$ 9gnggtm§9§o&9§9tgga£ gL%§§?P8§eQOnﬁpls¥n§a%

underT ayer- conprisrng an-anor p

nay P§t¥ﬁ§}ggeQyoﬁgéyﬁ&&”&l%ﬂeréggéEEagg %ﬁgpggﬁgu are

bef ore and during oxygen expos I'nce oxygen

adsof hedgpacthewstnf agespetct B8 §i rsta Hﬂge\rr!a@&(@rog]-(p' S
di ffused into the upper |ayers durlng t he process

manud aeing i tiget heghedt umhteheioxygen be dbtafakd by

| ocalized at the interface between the first

undeplayerin@lthadistegndtaddéntayett28safdri .al so

When the normal line to the crystal plane is

oriented in the direction tilted to the normal line to
the medium plane as described above, a characteristic
curve is obtained by measuring a so-called rocking
curve using the XRD apparatus. The rocking curve is
measured by setting ¢ and ¢ in FIG. 4 to zero, fixing
26 to twice of the Bragg angle 6 of the crystal plane
to be evaluated, and scanning the angle ® (6 in
FIG. 4). When the normal line to the crystal plane is
in the direction of the normal line to the medium
plane, a maximum peak is obtained at a point in the
vicinity of the point where © equals 6. In contrast,
two maximum peaks are obtained at angles o that are
toward a slightly higher angle and a lower angle with
respect to 0, respectively, when the normal line to

the crystal plane is tilted from the normal line to
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distributed at the interface between the second
underl ayer 22 and an upper layer. It has been found 5
that, when the surface of the first underlayer 21 is
exposed with a proper anount of oxygen and the oxygen
anount on the upper surface of the second underl ayer
22 is larger than that on the | ower surface of the
second underl ayer 22, the narmglg |ine to the (001) 10
pl ane of the magnetic crystal grains in the nmagnetic
recording layer 31 is oriented in a direction tilted

froﬂ%ﬁgemggiﬂﬁlp%éﬂ@.toohhgh diym.phang t@h%ﬁé%g%obgrmal

an 1 nprovenent of nmagnetic characteri sti ¢s.

ef f ect sef oundrbyntbe phesgat di PEEREBHS or18har 8odHiatlie 1ine
new ones that have not been obtained by the

convent tbaahedetiodl afhienantf act enkBgibhediediewdiohhehereof
present inventors have deduced the nechani sm of the

ef f ek$ sleahae, abovehdesthebddgoerentfabirornobtiithe is merely
magnetic recording |ayer coul d be obtained because the

20 i hP¥rfackhenehgyhBePRREniEnENf MAEEMYRJER| Aper vicinity

conprising the anoyphous alloy contajning N and the
segg% EQ%ePPé?Erwﬁgﬁ?aPnPﬂﬁaéf gr EPeafPody BAtPhat half

fi I ' i ed h ffect of 1 nut
b ALYk L By Lo Leabaleg vt
25 j in_th .

25 At caupn, 2 ShL B CCb MRS L Eng pokaky 1y <o

the t@cHapbea1i 5180 §L8abrBENPEQSANEN 42ti PR LHGle is
ot her hand, when the anpbunt of adsorption of oxygen

on thefseréacefobmt beef 5686 UNdRRLayethdldegrekanger

than a proper anount, the anmount of adsorbed oxygen

t hatoraembat dofif iseménet gases.and the oxygen 5 anount

remai ning at the interface of the first

A method of manufacturing the magnetic recording

medium shown in FIG. 1 according to the embodiment of
the present invention will be described below. First,
the first underlayer 21 is deposited on the substrate
1. Then, the substrate 1 is heated and oxygen is
allowed to be adsorbed on the surface of the first
underlayer 21. After allowing oxygen to be adsorbed
on the first underlayer 21, the second underlayer 22
is deposited on the first underlayer 21. The magnetic
recording layer 31 is deposited on the second
underlayer 22. Then, the protective layer 41 is
deposited on the magnetic recording layer 31 to
manufacture the magnetic recording medium of the
present invention.

For forming the underlayer and magnetic recording

layer in the present invention, vacuum evaporation,



under | ayer and second underl ayer tends to be

i ncreased. When the oxygen anount on the upper

surface of the second underlayer 22 is snaller than
the that on the | ower surface of the second underl| ayer
10 22, a so-called (001) orientation filmis forned,
in which the normal line to the (001) plane of the
magnetic crystal grain of the netic recording |ayer
is oriented parallel to the no | lTine to the nmedi um
pl ane. Consequently, SNR characteristics are | owered

' : ' d t show
aboveRERCY oRga. SPEIE A o EERCar CERS OrgEt 2P Aot
h : | dj I ' n e.
adeorbed tvpgRay BrouRtion { AL RaPTNcEoor CRL A dpe

undemé ay88s2inksudbUst hghelRgh8a%Cd 30 +aS G advyersely
af f ect nagﬁet?c 50 chargc?eris?ics gndtR?ﬁ/% 5

charachpobstecsardbe axygmnlamoubtgel thetiediug ¢aling
be eval uated by secondary ion nmass spectroscopy
(SlMB}pralrayrgphatoéleerionsspéemenseopyo&XBShn@rof the
Auger electron spectroscopy (AES). 25 The magnetic

r ecordERYt HEdFaAPadEBEdl AYeromagnbedirredt $ yohdivheced by

present invention ijs not limted to that shown in
FI G P93t E@nplP8sSBPSEE7Eraft23 LRBEPFREREFPORS Ghet Hange of

orooay ekt <580 % He et R TROSIY et s it han of the
d j I J t be apparent to those
SE?F$%§§?%P§hg$%??H%ﬁgtl?ﬁérpresent i nvention is 5 not

limted t@héhgﬁﬁsﬁfgggl@émﬁgkg%uéesmo%%ragﬂ%aw%ggi8§ygen

cross-sectional view of a nagnetic “recor
accotdipg é@s@ﬁ@éﬂeéneﬂpgdéﬁFﬁéchoftEﬁepf§§§9tunderlayer

i nvention. The magnetic recordi ng nedi um
21 is in the range of 25 to 280C. The temperature is
controlled by changing the heating time:. The oxygen
adsorption method comprises the steps of introducing a
minute amount of oxygen into the deposition chamber,
and exposing the surface of the resultant underlayer
to the atmosphere containing oxygen for a short period
of time. Other methods available include exposing the
substrate to ozone, or irradiating the surface of the
first underlayer with oxygen radicals or oxygen ions.
The oxygen amount adsorbed on the surface of the
underlayer comprising an amorphous alloy comprising Ni
may be varied by adjusting the substrate temperature
before and/or during oxygen exposure.

Since oxygen adsorbed on the surface of the first

underlayer 21 is diffused into the upper layers during

the process of manufacturing the medium, the oxygen is
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has a simlar structure to that of the perpendicul ar
10 magnetic recordi ng nedium shown in FIG 1, except
that the nmagnetic recording layer is a multilayer
conprising a first magnetic |ayer 3la and a second
magnetic | ayer 32b formed on the first magnetic |ayer
wWith a non-nmagnetic |ayer 32 interposed. 15 FIG 6
shows a cross-sectional view of,a magnetic recording
medi um accordi ng to anot her enbodi nent of the present
i nvention. The magnetic recording nmedium has a

simar Baa@a%g é@ }'ﬂ% 10 &Il le&n tg»gemfﬂii&gc

nedlun1s own in except ird

cryshabkirngyerdenl aver s%%o%‘é{n@rn'o%'ﬂgay@r Iz@a%tn&q% also
el enment selected fromthe group consisting of Pt, Pd,

Ag, @Qusardblitedr aantakl ayticheneef Hex weasrt Reve Qkﬁkhdﬁd

bet ween the second underl ayer 22 and nagnetic
recondilaglieager 231anthencuypstal lgyaim ofltt heL2%een found
crystalline third underl ayer 23 has preferably a

nor malaky nehes the cvOdpcel ade thiel tfdd sitn unde rdiaveot i20n is
in an angle ranging from3 to 25 to the normal |ine 24

to tﬁépﬁga uWFE%aﬁepr?ﬁérc@V§P§F @ﬁa@ﬁ§gﬁﬁ @W@ the oxygen

t | It
To e R RSP R RpREE, Rt eeR s D et sidePlayer
desc;zbgg @Qseg@r andorignt ati ep dijgper s%@:f% t%ef he

(001 ane of the crystal grains in't

recogdbpddl anaerisybur tzber tmd%@%alﬂqiﬁn@g t'ot t@%ﬁld@h@
to provide good SN& 7 shows a cross-sectional

vi enwpdfina ﬁﬁgnﬁélmaghétQEdbmgsﬁ%dl@Ebd%%omwlﬂhéﬂmagnetlc
anot her enbodi ment of 10 the present invention. This
magneecordeogr deggrl 8jeds baseatsidminar stirgettures ttd1ted
that of the nagnetic
from the normal line to the medium plane to result in
an improvement of magnetic characteristics.

The above effects found by the present inventors
are quite new ones that have not been obtained by the
conventional method of manufacturing the medium. The
present inventors have deduced the mechanism of the
effects that above-described orientation of the
magnetic recording layer could be obtained because the
interface energy between the first underlayer
comprising the amorphous alloy containing Ni and the
second underlayer containing Cr or Cr alloy on the
first underlayer is varied by the effect of a minute
amount of adsorbed oxygen atoms (or oxygen molecules)
that causes a slight change in the crystal structure

or orientation of Cr or Cr alloy. However, the

mechanism is not clear at present.
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recordi ng medium shown in FIG 1, except that a soft
underl ayer 11 is provided between the substrate 1 and
first underlayer 21. This magnetic recordi ng nmedi um 15
is a so-called perpendicul ar doubl e-1ayer nedium The
soft underl ayer having high perneability shares a part
of the function of the magnetic head for horizontally
passing a recording field fromsa magneti c head havi ng
a single pole or shielded magnetic pole for 20
magneti zi ng the perpendi cul ar magnetic recordi ng | ayer

and refl wgnngrd Jt@dhe JRINGHHSS r@?éjcﬁﬁrgcﬂ‘ﬁxatr LA Sadi?%ption

permts a steep and sufficient perpen magne

fiel dct exhgeapphi etet @ulrte JWTeldne rrAGAWinGd ers®1 is
as to serve for inproving read/wite efficiency. 25
Exampbegeaf thhe mmipevipalrs ainpuntych hsofamaurderdfayeisorbed

i nclude CoZrNb, FeSi Al, FeTaC, CoTaC, N Fe, Fe, FeCoB,
FeCoNxaa@nF&TaN. ceEhaosoftl fdnder llayercas®s Bamca the2®xygen

mul tilayer filmcaonprising at |least two |ayers of

di f f ePEHP tNREBALRLE0R tc 6%”ﬁo§inttieérf§.celzloé t@esHows ta
cross-gec&ional vi ew of gbna netic recording medi um
accoPBPR§LAEanbie s eERB Pﬁ%ﬁF Gves sadsr ddelhe

i nvention. _The neti¢c recording nmedium has a
sinjﬁé?ggﬁFﬁgqu@%FQ Fﬁgtoéygﬁﬁe%ﬁﬁﬁﬁ o t%@c&ﬁ@ﬁﬁg
”Ed'BH&%Q%@PoE”tE%G%eEon%X%§%%r5%3%11E%.%%f% aller than
underlayer is a nultilayer film conprising, 'S

examphe, tdaki bat thef i cRENabir¢alayer ha %%%o%d@%?ﬁmgilayer

10 soft magnetic layer Ilb fornmed on the first so
magneri, cal apecalileld aoBa)t bira ehiclaib? ifMter RRSEdrrfldG in

9 shows a cross-sectional view of a magnetic

recowtiind mhei nwraedorldineg to tarot(9er )epladiemerft tofe

the present invention. The nmagnetic recordi ng nmedi um
magnetic crystal grain of the magnetic recording layer
is oriented parallel to the normal line to the medium
plane. Consequently, SNR characteristics are lowered
since the crystal grains do not show above-mentioned
tilted orientation. Crystallinity of the magnetic
recording layer is lowered when the adsorbed oxygen
amount on the surface of the first underlayer 21 is
further increased so as to adversely affect magnetic
characteristics and R/W characteristics.

The oxygen amount in the medium can be evaluated
by secondary ion mass spectroscopy (SIMS), X-ray
photoelectron spectroscopy (XPS) or Auger electron
spectroscopy (AES).

The magnetic recording medium according to

embodiments of the present invention is not limited to

that shown in FIG. 1. Examples of several
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15 has a simlar structure to that of the magnetic
recordi ng nedium shown in FIG 7, except that a

bi asing layer 10 is further provided between the
substrate 1 and soft underlayer 11. The soft

underl ayer readily fornms magnetic domai ns, which may
20 generate spi ke noise. Therefore, domain walls are
prevented from being forned by applying a bias field
to the soft underlayer fornmed on the biasing |ayer to
whi ch a magnetic field is applied in a radi al

di reﬁBH?@lc;9§ogba§knghlea¥1%g£@3¥ch@é%oe‘cjcfil?l e Siagl e

25 ayer structure or a sta structure of two or

noreackayglifig thetabackedastienelube Radiy J<n¥s ilAfdf ion
magneti c domains. - 26 Exanples of the material for

the Wiasi ng bayeribedcbadewanbiut- plame yhaved RGNt to
filmor an antiferromagnetic film for exanple

CoCr Phps€o€kPiBed CoCtReTartCoBeRt TaNd présemt GoRtention is
CoPt O, CoPtCrO 5 CoPt-Si 2, CoCrPt-Si02,

CoCr PPD- Simptefr kR, therr an@mPReéRh. FIG 10 shows a
perspectlve view of the magnetic recording apparatus
accordlng FLG-ar ERPYGI fe ﬁFQﬁSWﬁ%§tHﬂﬂ%%ﬂﬁ1QWnR§nﬁ(ﬂ?gnetlc

A T %5{%‘3’155‘3% BiBenaPe her B ARl P ot
I nCOEnggEEQ L s%%%ﬁ ﬂd f% ﬁ%gg; E.QCI Ir}:ea I}%tlln%n me%lum

t he nmagnetic |ng

i nf o gt aoglf‘na@%t B%rqegu%l ¢odiepk 2L s It%e%%\f'p%%@u%tular
the tip of a suspension 124. The wite 15 pole of the

Wit @abraditsraebrhiiAyt fddtont Beowinnghe FipRl @, 2kGedt that

shi el ded pole nmay be used. The suspension 124 is

att athedmtgnaniendeobrannacflagear iarm kW23 tilayer
comprising a first magnetic layer 3la and a second
magnetic layer 32b formed on the first magnetic layer
with a non-magnetic layer 32 interposed.

FIG. 6 shows a cross-sectional view of a magnetic
recording medium according to another embodiment of
the present invention. The magnetic recording medium
has a similar structure to that of the magnetic
recording medium shown in FIG. 1, except that a third
crystalline underlayer 23 comprising at least one
element selected from the group consisting of Pt, Pd,
Ag, Cu and Ir or an alloy thereof is further provided
between the second underlayer 22 and magnetic
recording layer 31. The crystal grain of the
crystalline third underlayer 23 has preferably a

normal line to the (100) plane tilted in the direction

in an angle ranging from 3 to 25° to the normal line
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havi ng a bobbin portion for holding a driving coi

(not shown). A voice coil notor 126, a type of a 20

| inear notor, is provided at the other end of the
actuator arm 125. The voice coil nmotor 126 is

conposed of a magnetic circuit including a driving

coil (not shown) wound around the bobbin portion of
the actuator arm 125 and a pernghent magnet and a 25
counter disposed so as to sandw ch the driving coil

The actuator arm 125 is supported by ball bearings
(not+sh ) }.d up I r [t f.a
o g e Py rorarad at A e e
VOi CRagfieth cnekebrdifg Iﬁyér the %bﬁ@%&ikaayoﬁrkneeasily
magnetic disk 121 is position-controlled with the

voi céotbdbWingotbe 226entheivef eieree ibunmewalori2®t s
the drawing 5 shows a cover. EXAMPLES The present

i nvefesonipefl abevdesandbedientatien désaelrshasedfonthe
exanpl es, éExaane 1) 10 The magnetic recordi ng medi um
showﬁog?ﬁ) FP&Ng10twhEenaAYEARBLUREAING R $hexargnetic
The magnet.i c ecor di,ng _nmedi um shown in FIG 11 has a

strubtaPEILEg FV@Fn@Saf§6F5e6n68?P5§€r Pekigor ilftspossible
d .21, d derl 22, ti
un eEé?%ggrla% g%gég§gﬁ under | ayer a magnetic

record ayer and a protective |ayer 41

st acked o?Ié.qughﬁﬁgealcr5¥§LE%%%i%%%§r%%%3 %&L% %%%%etic

for the first underlayer in this exanp
addi tkesrdtAg sebstihabBcotBMREN @bULBoRRA rOX¥E8Riment of

partial pressure were variously changed for allow ng

oxygenetprbeeadsdnbedtdont heTROsf maghetnderkayeting layer
has a similar structure to that of the magnetic
recording medium shown in FIG. 1, except that a soft
underlayer 11 is provided between the substrate 1 and
first underlayer 21. This magnetic recording medium
is a so-called perpendicular double-layer medium. The
soft underlayer having high permeability shares a part
of the function of the magnetic head for horizontally
passing a recording field from a magnetic head having
a single pole or shielded magnetic pole for
magnetizing the perpendicular magnetic recording layer
and refluxing it to the magnetic head side. This
permits a steep and sufficient perpendicular magnetic
field to be applied to the magnetic recording layer so
as to serve for improving read/write efficiency.
Examples of the materials for such soft underlayer
include CoZrNb, FeSiAl, FeTaC, CoTaC, NiFe, Fe, FeCoB,

FeCoN and FeTaN. The soft underlayer may be a
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The substrate 1 prepared was a gl ass substrate (trade
name TS-10SX, manufactured by OHARA INC.) for a hard
disk with a diameter of 2.5 inches. The sputtering
apparatus used was C- 3010 (trade name, 25 nmanufactured
by Anel va corporation). This apparatus is equipped
with a plurality of vacuum chanbers, and filns are
deposited by sequentially traniferrlng the 28
substrate to each vacuun1chanber A Co-5 at% Zr-5 at%
Nbo target for the soft underlayer 11 was set in the

f . and t t
firopufRaiRne: PRLE LAROEL: RRCAE [8ahR L PRhnapy el s ts
tar9&1ff8£eﬁ96m§€&99QlQng?rEQ%EFg?@?ﬁﬁgt in the third

chanber, a Fe-47 at% Pt tar e mgnetic

recordi ngrkayes waswseh bBoEBesEQEEBHth@EQ%r fa%dn%ggetlc
target for the protective |ayer was set in the fif

chanbetordheg subsi nat ecwesdi ngded khotherspubberinBatrl0r
apparatus, and each chanber was evacuated to 1 x 10-6

Pa oth¢egses@ntCoibvan®iZn.5 aheo Nbghetir(setbrding medium
under| ayer) was deposited on the substrate at a

t hi ckd®sd dEM1DAT nAtbyctmeespat thrtngfwthh mapoweh cof

700W under . an Ar 15 atnosphere_at a_pressure of 0.7 Pa
in tﬁ%c?¥?%?g %ﬁ%ﬁ%@rSh%Wml1WaF¥?+n?(f?#@?pEnEEﬁFayé?)SOft

| ckness was _deposited in the second
chaﬁﬁg er YT ah® %«mﬁ}ﬂggﬁﬂﬁfeﬁggm aCPPBELEIBIof TOLT
"o S0 R SOULL PR 206 RRLD DD PO o
the §&P§tﬁ§é§ewdéhl§pe£FﬁlﬁaﬁBrﬂéétSB tHéYEEPs%ﬂéoft
i ntroduced into the second chanber to expose t
surfraggn@fi&¢ hBaféf stitRderk@yehin film 12 1nterposed.

FIG. 9 shows a cross-sectional view of a magnetic
recording medium according to another embodiment of
the present invention. The magnetic recording medium
has a similar structure to that of the magnetic
recording medium shown in FIG. 7, except that a
biasing layer 10 is further provided between the
substrate 1 and soft underlayer 11. The soft
underlayer readily forms magnetic domains, which may
generate spike noise. Therefore, domain walls are
prevented from being formed by applying a bias field
to the soft underlayer formed on the biasing layer to
which a magnetic field is applied in a radial
direction. The biasing layer may have either a single
layer structure or a stacked structure of two or more

layers. The stacked structure hardly forms large

magnetic domains.
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to oxygen for 5 seconds. 25 The Ta contents in the

Ni -Ta | ayer were changed to O, 10, 20, 30, 40, 50,

60, 70, 80, 90 and 100% by changi ng the power applied
to the Ni target and Ta 29 target. The substrate
tenperature was changed in the range of 25 to 300C by
changing the heating tine. The oxygen partia

pressure was changed in the range 5 of 4.5 x 10-6 Pa
to 4.5 x 10-2 Pa by changing the flow rate of oxygen.
The amount of oxygen exposure is expressed by a

product ofyERe1e%Ygen tPessHS 1and fo‘%xyz %1 bg ST ela_yer

time under a unit L (Langmuir unit)

1.32i%c1044 Pa §ﬁcpm§neFﬂér@X@ﬁ@|n%tﬂso ftlhﬁl JFount of
oxygen exposure is 17 L when the oxygen partia

pressut efesrémagretcd fPamandotrhe xexygen CoexpasurtaCcrptB,
time is 5 seconds. A Cr film (second underlayer) with

a t htcknBs%apf CoZrRnTalis, dE€pSsi,t €dPlty DCPsPULt Carbitiay O,
with a power of 15 700Win an Ar gas atnosphere of 0.7
Pa i%O?Eesﬁﬂzrdcogﬁﬁﬁb§F02Th§0ﬁé@¢9hSé@anbéﬁMWasHﬁﬂ@eand
an Ar ﬁas at nrosphere of 10 Pa. The substrate was

heat €8"Fo 320C with an IR lanp heater. A Fe-47 at% Pt

[11m (mgsgiy ¢,20-rectrding l.ayer ues deposi ted ata
LO0vEeLoflhbbbBE PhEEE YBCLAUTRL Wt Rl GNRSSE e cne

5 nm was e spu errng in the
Chanpﬁéséhﬁhlﬁv99$@6n0f Z0RMGha AL @E@QSQQQrQSa%o%nt%% on

pressure of 0.7 Pa. The substrate was taken out of the

sputéegsphgdle 122, and is made to rotate by a spindle
motor. A slider 123 incorporating a write head for
writing information to the magnetic disk 21 and an MR
head for reaaing information from the magnetic disk 21
is provided at the tip of a suspension 124. The write
pole of the write head is not limited to the single
pole, and a shielded pole may be used. The suspension
124 is attached to an end of an actuator arm 125
having a bobbin portion for holding a driving coil
(not shown). A voice coil motor 126, a type of a
linear motor, i1s provided at the other end of the
actuator arm 125. The voice coil motor 126 is
composed of a magnetic circuit including a driving
coil (not shown) wound around the bobbin portion of
the actuator arm 125 and a permanent magnet and a
counter disposed so as to sandwich the driving coil.
The actuator arm 125 is supported by ball bearings

(not shown) provided at upper and lower portions of a
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apparatus, and perfluoropolyether (PFPE) as a 30

| ubricant was applied to the surface of the protective
| ayer at a thickness of 13A by dipping to nanufacture
a magnetic recording nedium Magnetic recordi ng nedia
having a first 5 underlayer of Ni-Nb, Ni-Zr, N-W
Ni-V, Ni-M or Ni-H instead of Ni-Ta were

manuf actured by the sane neLho§7 as_descri bed above.
Met hods for evaluating the magnetic recording nedia
manuf actured in this exanple will be described 10

hereipgbten o7R Wghagagtkeri gnh%sr@% L€ avVal uat ed Wltqé%

spin stand. A magnetit¢ hea ing a S|ngle pole

headcoW t Ro@ow 1be .t 1 agksW dhi Qﬁlge§ q@@n@nth¥RnE§% tic

with a read track width of 0.2 gmwas for measurin

the ®¥%k152thasapbetisbhesonthe1char actar ksbi 610N €011
neasured at a fixed position at a radius of 20 nmm
undemoror ot abi onThepeedeoknde280mepml A28 in the drawing
signal -to-noise ratio (SNRmM was determ ned based on

a repPOUBCcRICAMIE- whi ch has passed through a 20
differentiator. Here, S denotes an output at a |inear
recor di ng denS|ty of 119 kf EXA¥REERm denotes an rns
(root nea guare density of 716

kfci. 88?8%P§t%8¥e FSHeVéﬁEaPQd Baséabgd 4n mere
reprg yggg_gggggt %ggﬁ%ettenuatlon factor) of

signals witten at before and after
overwitin gxgmgmgl yat 250 kfci on the signals witten
- 31 at 19 k

The magnetic recording medium shown in FIG. 11
was manufactured in this example. The magnetic
recording medium shown in FIG. 11 has a structure
comprising a soft underlayer 11, a first underlayer
21, a second underlayer 22, a magnhetic recording layer
31 and a protective layer 41 stacked on a substrate 1.
Various materials were used for the first underlayer
21 in this example. 1In addition, the substrate
temperature and oxygen partial pressure were variously
changed for allowing oxygen to be adsorbed on the
first underlayer.

The substrate 1 prepared was a glass substrate
(trade name TS-10SX, manufactured by OHARA INC.) for a
hard disk with a diameter of 2.5 inches. The
sputtering apparatus used was C-3010 (trade name,
manufactured by Anelva corporation). This apparatus
is equipped with a plurality of vacuum chambers, and

films are deposited by sequentially transferring the
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Thermal fluctuation resistance was eval uated based on
a reproduced output ratio V1000/VO of signals witten
at 100 kfci, where VO denotes the reproduced 5 out put

i medi ately after witing the signals and V1000
denotes the reproduced output after the nmediumis |eft
stand for 1000 seconds in an environnent at 70C. The
crystal structure and orientatign Qf the crystal

pl ane were eval uated by the 0-20 nethod, 10 rocking
curve nethod and pole figure nethod using an X-ray

diff%@ﬁét?@tQDPérﬁéFﬁ ¥§88Eh MRDpbbradeangnes st zr-5 ats

manufactured b w th generating a Cu-Ka ray

Undeﬁbatéﬁ@gttfgﬁ @Beaﬁo§€C§h§é§§bgngth%9%_%%t4§nthe
and a filanment current of 40 mA. 15 Orientation of the

crystatspl anempas, eyal Nat edrbyt the polre thggee Feirhade
using the distribution of X-ray diffraction intensity

of ther$002hdptaagenf weachetnedi the wkepedlchmtb2®,im Cr
FIG 4 were fixed at 24.25 and 48.5 correspondin
Brag@aa%gFeEOéftP@fﬁ@@@nénuzgerﬂéﬁﬁﬁh@a§0@2r pmaﬁgeoﬁhlrd

FePt %¥ eﬁEectbv and the X-ra¥ di ffraction
i nt enlFRYehasd nkash atByPtcﬁénQFﬁg PRe PﬁlpagﬁﬁFéccp
in the ran 0 to 85 an

ol ES60 PR TR 7 RbcvaE BFo lntBe $Ru3%E, £B5AEEY] and a c
diTfachionchpt enst byopbLel pedahoLhga25caame angle ey

was I'n gra ed w respec i nt egr at

'nteEﬁé&Me%ﬁS PEQtESQs@QQtBSRagpioQB@dt@% tﬁ@glgu%gffgng

havi ng the highest intensity was defined as a
ang|§?§a9§tﬁ5¢ apamabchi BRakBeth@ak082hcpbarg @b the

FePt | ayer fromthe normal line to the nmedium plane.
FI G 112 shof%sPaherrgkasi onshi p between the X-ray
A Co-5 at% Zr-5 at% Nb film (soft underlayer) was
deposited on the substrate at a thickness of 100 nm by
DC sputtering with a power of 700W under an Ar
atmosphere at a pressure of 0.7 Pa in the first
chamber.
A Ni-Ta film (first underlayer) with a thickness
of 7 nm was deposited in the second chamber under an
Ar atmosphere at a pressure of 0.7 Pa by co-sputtering
with controlling the power applied to the Ni target
and Ta target. After heating the substrate with an IR
lamp heater, oxygen was introduced into the second
chamber to expose the surface of the first underlayer
to oxygen for 5 seconds.
The Ta contents in the Ni-Ta layer were changed
to 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100% by

changing the power applied to the Ni target and Ta
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5 diffraction intensity integrated wwth respect to ~
and cp of the nmediumhaving a of 0. FIG 13 shows the
rel ati onship between the X-ray diffraction intensity
integrated with respect to 4 and cp of the nedi um
having a of 12. As shown in FIG 12, the intensity 10
beconmes maximumat cp = 0 with a of 0, i.e., when the
normal line to the (001) plane gpincides with the
normal line to the medi um plane. In contrast, when a
is not O and the normal line to the (001) plane is
tiltedrfeemthe normal line to the nedium plane, the
15 intensity beconmes maxi num at an angle where cp is

not zeroras $howAriameFkGmptdathilrWas sf WA Jdor R8e
eval uation by the pole figure method with the XRD

apparatgs dhaf5the BODIC lapgtieamgdiigt tiee (062} iy anemef

the FePt |ayer changes 20 in the range of 0 to 30 by
chanfh@goxrieedxpgeniapapreabupeeyssr ehengexygenthe range
exposure and the substrate tenﬁgéature. FIG 14 shows

the P&l 4tPohsh?p bBEweendt hex BUbst Pateyt ehpegangréhe flow

after forn%n% t he fir%F 25 underl ayer and the tilt
angl 825° 0Pt RBYABP mal TREnB™PEN L RE PBBST pEERESHE St HE

FePt th | dey | ' d f N_-40
at o6 Ta e R amuRe ChRCt 48°CheTNEkokl BetRatre rrd
L. ' I . ,
Subst oo L Ehara i o Ly cande Jo0R " THe KAnd"PARasRty

was @osefiv@dasnithe=mpdspmcusong Pb-40 94 N, p N -d0amp e,
at% Zr, Ni-40 at% W 5 Ni-40 at% V, N -40 at% Mo or

Ni - 46hat dmbtinasot hexfgest exppderkayer 17FL.Gihdh sReWSxygen
the rel ati onshi p between the anobunt
partial pressure is 4.5 x 1074 Pa and the oxygen
exposure time is 5 seconds.
A Cr film (second underlayer) with a thickness of
7 nm was deposited by DC sputtering with a power of
700W in an Ar gas atmosphere of 0.7 Pa in the third
chamber.
The fourth chamber was made an Ar gas atmosphere
of 10 Pa. The substrate was heated to 320C with an
IR lamp heater. A Fe-47 at% Pt film (magnetic
recording layer) was deposited at a thickness of 10 nm
by DC sputtering with a power of 700W.
A C film (protective layer) with a thickness of
5 nm was deposited by DC sputtering in the fifth
chamber with a power of 700W in Ar atmosphere at a
pressure of 0.7 Pa.
The substrate was taken out of the sputtering

apparatus, and perfluoropolyether (PFPE) as a
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of oxygen exposure and the tilt angle a of the nornal

line to the (002) plane of the FePt | ayer, when the 10
first underlayer is made of N -40 at % Ta and when the
substrate tenperature after formng the first

underl ayer is 120C. As shown in FIG 15, the angle a
becones 0 when the anount of oxygen exposure exceeds

170 L. The sane tendency was o erygd in the nmedium 15
using Ni-40 at% Nb, Ni-40 at% Zr, Ni-40 at% W N -40

at% V, N -40 at% Mo or Ni-40 at%)Hf as the first

nac bBYEhant gt oakbg AU LS chlr LT L Ll i ct ive

t he ané o Iayef Was vl uat ed R

th R 4 El
0 PRI b B

changeflaghBtrthereangaiber me@itd.48.5. FIG 16 shows
the rocking curve of the nediumwhose ais 0. FIG 17

shows t heMagakitig cekvedahgt hediedinamiwiose fd s 12.

25 As shown in FIG 16, the nedium having a of 0 shows

a nardauimyatensi Ny -Nh,t Né-dirgi Nityi,oNied,oNi2Mo lor Ni-HE
contrast, as shown in FIG 17, the curve has no 34

maxi AOAEPACE A Upcﬂﬁ|W9r6fmﬂm@¢az&uéﬁé SHowse same method
separated two in the nediumwhose a is 12. The
resuffs Schﬁgg afP8i®of the structure by the O- 28

nmet hod wi XRD 2R arat us sh at _all of
t he magnet | t Egﬁegé contai-ne n@r%staﬁagpfFﬁg F&ﬁﬁﬁﬁjng

ghe &églétﬁaﬁhﬁéggg?gﬁ oﬁ”%ﬁﬁéréggﬁﬁ&%obﬁiia%@ H@%rggf

emagnet | zat | on
havi pgraihkkteangle a in the vicinity of 0, 3, 9 or 10
25 are shown in Table 1. The first underl ayer of

R/W characteristics were evaluated with a spin
stand. A magnetic head comprising a single pole head
with a write track width of 0.3 pum and an MR head with
a read track width of 0.2 pum was for measuring the R/W
characteristics. The characteristics were measured at
a fixed position at a radius of 20 mm under a rotation
speed of 4,200 rpm.

A signal-to-noise ratio (SNRm) was determined
based on a reproduced wave which has passed through a
differentiator. Here, S denotes an output at a linear
recording density of 119 kfci and Nm denotes an rms
(root mean square) value at a linear density of
716 kfci.

OW characteristics were evaluated based on a
reproduced ocutput ratio (attenuation factor) of
signals written at 119 kfci before and after

overwriting signals at 250 kfci on the signals written
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each mediumis N -40 at% Ta, N -40 at% Nb, N -40 at%
Zr, Ni-40 at% W N -40 at% V, N -40 at% Mo or N -40
at% Hf . The pl anar TEM observation of each layer in
each 15 magnetic recordi ng nmediumreveal ed that the
Co-5 at% Zr-5 at% Nb |ayer and the first underl ayer
were anorphous, while the Cr | ayer contained crystal
grains wth a size of 6 to_ 9 ny and the nmagnetic
recording |ayer contained crystal grains with a size
of 5to 20 8 nm (Conparative Exanple 1) A

convegpt { pgak sper pendi cul ar magnetic recordi ng nedi um
using a magnetic recording | ayer of non-ordered alloy

was manufageuned EnuCenBanahi vesEseaplke 4adS 22 1uated
follows. As in Exanple 1, predeterm ned targets were

set basedespest rgpryacdem chapher gaehot g (3RYLLELIENG igynals
35 apparatus (trade nane C 3010, manufactured by
Anelwiaittcenpat al 0Onkfca, ghvhssesupstieabteewi theareproduced
di ameter of 2.5 inches (trade name TS-10SX,
man uP Ger eHmb?dGﬂﬁN #NCeY wastinadebdeamdghbés and V1000
chaqgers were evacuated to a 5 pressure of 1 x 10-6 Pa
or IO SHhe TRREPTaAGed ertres- 3Thew zhesmaddaimpis left
W th hi gkne f 100 nm.a Ta layer with a

a%d rlgégﬁls

t hi ckHess © SRR adBr 2 BRVATOPRERKkNESS 78C 5

R j ' f. 20. d
magnet [0 L O%or Bl Rb ot aybr USF Lt To20reP 10t 0ok S FhE2
at % &ty s fa 21 %6 5,02, 808 SuproLechive « YELo@ n S ib ] @
t hi ckness of° 5 nm were sequent1 al eposi ed-on the
g|aSﬁo@Mb@ér@&ﬁVeTM@tﬁ$dp£§§S%6§§ fighr8eReshbhngsthg an

CoZrNo, Ta, Pt, Ru, CoCrPt-Si02 and
X-ray diffraction apparatus X'pert-MRD (trade name,
manufactured by Philips) with generating a Cu-Ka ray
under a condition of an accelerating voltage of 45 kV
and a filament current of 40 mA.

Orientation of the crystal plane was evaluated by
the pole figure method using the distribution of X-ray
diffraction intensity of the (002) plane of each
medium, where 6 and 20 in FIG. 4 were fixed at 24.25°
and 48.5° corresponding to Bragg angles of reflection
from the (002) plane of FePt layer, respectively, and
the X-ray diffraction intensity was measured by
changing the tilt angle ¢ in the range of 0 to 85° and
the in-plane rotation angle ¢ in the range of 0 to
360°. The X-ray diffraction intensity obtained at the
same angle ¢ was integrated with respect to ¢, the

integrated intensity was plotted against ¢, and the

angle ¢ having the highest intensity was defined as a
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Cwre 0.7, 0.7, 0.7, 2, 2 and 0.7 Pa, respectively.
15 The filnms were deposited by DC sputtering with a
power . of 700Wfor every target. The substrate was
taken out of the sputtering apparatus, and

per fl uoropol yether (PFPE) as a |lubricant was applied
to the surface of the protective |layer at a thickness
of 13A by dipping 20 to manufacture a magnetic
recordi ng medium Table 1 shows SNR, OW
characteristics and thernal denagnetization factor of

the pediugnineCampar %gvs%orﬁém' ﬁe £@vahyat %gxztyy h8e of

same nmethod as 1 n Exanple 1. nparative

2) Acgenventi magbrpewmneh@uha&mmgm%lec tbe%%dlrdéguum

| ayer using a magnetic nedi um nmade of an ordered all oy

- 36plamas. manufactured in Conparative Exanple 2 as
follows. As in Exanple 1, predeterm ned targets were

set in ré&spectlitveheasutiimec tadbérionsh iphbesmeterertineg X-ray
apparatus (trade name C- 3010, manufactured by Anel va

5 cofpbfREFBAPD ANGFASEtIUBBEEEratRRt wlahdlrame@nt @ro ¢ and
2.5 |n§£es trage name TS-10SX, manufactured bX

I NC. PBalig luﬁnaaﬁﬁégv%cﬁénpchan%%gs herghows the

f.1 10-6 P |
S aCyaL e RR R B B ?V«é%n%ge% 219 A BBt AP tensity
t hi cm@éargﬁeéoglem -2agd <88 @edg dgﬁae gf er%galem

t hi ckness o nm wer e ep05|t

subshsatfg &f ber 1heating thewsulf ages Oflé het§é'b§1tlfélt1§1ty
to 320C MAth an IR lanp heater, a magnetic recording

| ayebe obmEe- AZxahmPhtwpt B 8 whiakaess of, 10, &m waged Sthe

deposited. A protective layer of Cwith a thickness

of Snommadsldeposbt edet H6O@ONplihe Avipcesegr @sthnthe
normal line to the medium plane. In contrast, when o
is not 0° and the normal line to the (001) plane is
tilted from the normal line to the medium plane, the
intensity becomes maximum at an angle where ¢ is not
zero as shown in FIG. 13.

It was found from the evaluation by the pole
figure method with the XRD apparatus that the tilt
angle a of the (002) plane of the FePt layer changes
in the range of 0 to 30° by changing the oxygen
partial pressure in oxygen exposure and the substrate
temperature,

FIG. 14 shows the relationship between the
substrate temperature after forming the first
underlayer and the tilt angle a of the normal line to
the (002) plane of the FePt layer when the first

underlayer is made of Ni-40 at% Ta and the amount of
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depositing CoZrNb, Pt, FePt and C were 0.7 Pa, 0.7 Pa,
10 Pa and 0.7 Pa, respectively. Al the |ayers were
deposited by DC sputtering with a power of 700Wfor 20
every target. The substrate was taken out of the
sputtering apparatus, and perfluoropol yether (PFPE) as
a lubricant was applied to the surface of the
protective |ayer by dipping_at 3 t hi ckness of 13A to
manuf acture the magnetic recorglng medium 25 It was
found from eval uation of orientation of the crystal

Pho Bryyer ExROL R LOLIE B R8 8 ?8W§7 hRae gy &
pl ar@e@&mé@eodz%}ﬂerl RS &Ibéé‘ﬁa éfbt&’ IPaLallye

Exanpl e 2 was about 58. It mas ound from

eval 2@t 0an afhd hensd rﬂéﬁd&rﬁ:}b)(datsheo@se?lgvedmirﬁm@hé\ﬂ hddium
the XDR apparatus that the magnetic |ayer 5 of the

mediwsinag Xorp@arat s vieb Exahple 2teoptai ned4aocayst @l

grains of the LiO structure, and was a (111)

ori ehtzdq oat ¥ i VmNiahd eatls Hower SNR-4QVts HE as the first
characterjstics and thermal demagnetization factor of

t he WF UM YH Conparative 10 Exanpl e 2 as eval uated by

t he same as. in e 1., 38 Table 1 No.First
a SNR QN%%OO %Sf&‘ﬁ‘tﬂ%rF‘a?g?%%aHaBﬁ‘aB] between the amount

of oxygen exposure and the tilt angle o of the normal
line to the (002) plane of the FePt layer, when the
first underlayer is made of Ni-40 at$% Ta and when the
substrate temperature after forming the first
underlayer is 120°C. As shown in FIG. 15, the angle a
becomes 0° when the amount of oxygen exposure exceeds
170 L. The same tendency was observed in the medium
using Ni-40 at% Nb, Ni-40 at% Zr, Ni-40 at% W,
Ni-40 at% V, Ni-40 at% Mo or Ni-40 at% Hf as the first
underlayer.

The rocking curve for the reflection from the
(002) plane of the PtFe layer was evaluated with the
XRD apparatus, wherein ¢ and ¢ in FIG. 4 were made 0°,
20 was fixed to 48.5° and ® (0 in FIG. 4) was changed
in the range form 0 to 48.5°. FIG. 16 shows the
rocking curve of the medium whose a is 0°. FIG. 17
shows the rocking curve of the medium whose a is 12°.
As shown in FIG. 16, the medium having o of 0° shows a
maximum intensity in the vicinity of o of 24°. 1In

contrast, as shown in FIG. 17, the curve has no



1- 1N - 409%90a014. 6340. 995 1- 2N -40%la3. 016. 5410. 998
1-3Ni -40%a9. 117. 2430. 998 1-4N -40%a25. 016. 0460. 998
1- 5Ni - 40%\b014. 6340. 995 1- 6N -40%\b2. 916. 0400. 997
1-7Ni - 40%\b8. 917. 0420. 997 1-8Ni - 40%\b24. 916. 0450. 997
1-9Ni - 409M14. 5330. 993 1- 10N - 409%AB. 016. 2400. 995

1- 11N - 40%M\0. 116. 9440. 995 1- 12N - 409\24. 816. 3450. 995
1-13Ni - 40%Zr 014. 8350. 995 1- 14Nk440%r 3. 016. 5410. 998

1- 15Ni - 40%Zr 9. 117. 4440. 998 1- 16N - 40%Zr 25. 016. 0460. 998
1-17Ni - 40%/014. 6340. 994 1- 18N - 40%/3. 216. 1400. 997

- j W9 A 1/ - jr- 409424 . 997
LA 090 81 20N O S0 1150,

1- 23N pAONBDDY. O16. 8430s 99 dn24hta40VhR4s218. 1449997

1- 25Ni - 40%+ 014. 4330. 994 1- 26N - 40%f 3. 016. 1400. 998

1-27Ni - 4094+# 9rd461 942619882 1udBNond0%Ht B4. 8161345098 the

Conpar ati ve Conventional -14.8360.925
0-20 method with the XRD apparatus showed that all of
the magnetic layers contained crystal grains forming
the Llg structure.

SNR, OW characteristics and thermal
demagnetization factor of the media (Nos. 1-1 to 1-28)
having a tilt angle a in the vicinity of 0°, 3°, 9° or
25° are shown in Table 1. The first underlayer of
each medium is Ni-40 at% Ta, Ni-40 at% Nb, Ni-40 at$
Zr, Ni-40 at%$ W, Ni-40 at$% V, Ni-40 at$% Mo or
Ni-40 at% HE.

The planar TEM observation of each layer in each
magnetic recording medium revealed that the Co-5 at$
Zr-5 at%-Nb layer and the first underlayer were
amorphous, while the Cr layer contained crystal grains
with a size of 6 to 9 nm, and the magnetic recording
layer contained crystal grains with a size of 5 to
8 nm,

(Comparative Example 1)

A conventional perpendicular magnetic recording
medium using a magnetic recording layer of non-ordered
alloy was manufactured in Comparative Example 1 as
follows.

As in Example 1, predetermined targets were set

in respective vacuum chambers of the sputtering
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exanpl e 1nmedi um Conpar ati ve Pt55.912. 0420. 992 exanpl e
2 39 Table 1 shows the follow ngs. The perpendi cul ar
magneti ¢ recordi ng medi um of Conparative Exanple 1
havi ng a magnetic recording | ayer made of a non-
ordered alloy shows 7% or nore of attenuation in 5
reproduced output after the nmagnetic recordi ng nmedi um
is left stand at 70C for 1000 sgconds. In contrast,
the media of Nos. 1-1 to 1-28 and Conparative Exanple
2 having a magnetic recording | ayer made of an ordered

10 CRRE TG T her RAN i TR ot SORCr el LE ARG FED BV Arelva

10 t therm uation fesista

remaekabbyat i BRY Ovedg11be EEQEH?E@% Qﬁﬁﬂaga Egﬁeter of
Exanpl e 2 having a tilt angle a of about 58 shows

r ema2 k&bl ycHegr adeddSNRaas TsompskedmﬁhhhakhﬁrgedEyﬁbHARA
e

in Conparative Exanple 1. 15 All the nedia with t

tiltId®gl ewa$ Doaflefiosndltlet ohadb@BsshewedegradatdeMo a
characteristics and slightly degraded SNR as conpared

W t P¥®2SREdi af bf x npaPatdvelE&xanpl 8 doftnunderlayer of
contrast, all the nmedia wth a of larger than O of
Nos.CQ=3 Y% 12285 stibiv P vékarkabhycknpreved SRR and a Ta
OWcharacterjstics as. conpared with the magnetic

recor WAy Hretf ufn bR CERparati vé BRanpl Bt11dpeE wigh a

Shoten L0, E1anP 1o WL 1T Gopect h0. AECLILs or

(ne AT Lo be Echumabons (gt ymceloges 1
Co-10 at% Cr-12 at% Pt)-7 at$% SiOp and a protective
layer of C with a thickness of 5 nm were sequentially
deposited on the glass substrate. The Ar pressures
for depositing the CoZrNb, Ta, Pt, Ru, CoCrPt-Si0s and
C were 0.7, 0.7, 0.7, 2, 2 and 0.7 Pa, respectively.
The films were deposited by DC sputtering with a power
of 700W for every target. The substrate was taken out
of the sputtering apparatus, and perfluoropolyether
(PFPE) as a lubricant was applied to the surface of
the protective layer at a thickness of 134 by dipping
to manufacture a magnetic recording medium.

Table 1 shows SNR, OW characteristics and thermal
demagnetization factor of the medium in Comparative
Example 1 evaluated by the same method as in
Example 1.

(Comparative Example 2)

A conventional perpendicular magnetic recording

layer using a magnetic medium made of an ordered alloy
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ONw th respect to the tilt angle a of the normal |ine
40 to the (002) plane of the FePt filmfor the nmedi um
whose first underlayer is nmade of NN -40 at% Ta. It is
found fromFIGS. 18 and 19 that SNR and OW
characteristics are remarkably inproved in the 5 case
where the tilt angle a is in the range of 3 to 25.

The sanme tendency was al so absglgved in the nmedia
whose first underlayer was N -40 at% No, N -40 at % Zr
Ni-40 at% W N -40 at%V, N -40 at% Mo or N -40 at%

HE . 3Ds Fr’n& ﬁQc?\IP_P%lg %FFCBE{;Q%E%&%‘Q' E?{Qt EWEGQ LRe B 1ows.

content o R fo e nedi um

having a Akrsh sRdephayer 9Ee@errE@n@B|Qﬁrg%%ssm@ﬂé set
in FIG 20, the SNR was renarkably inproved where the

NI chmt easpsasiva theutangranbe?8 b6 fHeatPutaedinas

15 particularly remarkably inproved where the N
cont@ppanasusn(thadeangeeof-3010p BOnafHctbtredadbyalselva
found that the nedium having the first underlayer of

t he COFPTE2BIPBY . hadIteRfir RABPYIRAPr BuEl SNRiageter of

compar ed th the nedlun1haV|na the first under]l aye
of stnplENeeTaltTRESsRARSt ERd&RES m&§n5¢§6t85§€r9édOHARA

“he”hﬁid nias hRA R et SUHABPPayRF U R RBPEES) YRR B o
Exanp) o, pgRet oar £e0tdlpd BECia,SLpLAL, 25 g those..,,

wer e excepl tha € Secon

Unde&'é&?E Mﬁéei@é d QE 8oC6-Ttsabhoy Qs (b Rdth a
al | oy. in anple 1, predeterm ned targets were

set thlckness of 100 nm, and an underlayer of Pt with a
thickness of 12 nm were deposited on the glass
substrate. After heating the surface of the substrate
to 320°C with an IR lamp heater, a magnetic recording
layer of Fe-47 at% Pt with a thickness of 10 nm was
deposited. A protective layer of C with a thickness
of 5 nm was deposited thereon. The Ar pressures in
depositing CoZrNb, Pt, FePt and C were 0.7 Pa, 0.7 Pa,
10 Pa and 0.7 Pa, respectively. All the layers were
deposited by DC sputtering with a power of 700W for
every target. The substrate was taken out of the
sputtering apparatus, and perfluoropolyether (PFPE) as
a lubricant was applied to the surface of the
protective layer by dipping at a thickness of 134 to
manufacture the magnetic recording medium.

It was found from evaluation of orientation of
the crystal plane by the polar figure method as in

Example 1 that the tilt angle of the normal line to



in respective vacuum chanbers of the sputtering
apparatus (trade nane C 3010, manufactured by Anelva
corporation), a glass substrate (trade name TS-10SX, 5
manufactured by OHARA INC.) with a dianeter of 2.5

i nches was | oaded, and the pressure in the vacuum
chanbers were evacuated to 1 x 10-6 Pa or |ess. Then,
a soft underlayer of Co-5 at%##-5_at% No with a

t hi ckness of 100 nmand a Ni-40 at % Ta under| ayer 10
(first underlayer) with a thickness of 7 nmwere

depasite t i ;
sur ?Cz{cée g@hé@uﬁﬁt%@?%@%%@%% %%E@%R rﬁe!;dn%ﬁ‘rﬁ H

heat®imp HXHIBIE GBSaniFiSe | NtyDEupeslit Nsge t hesecendilso
chanber to set the oxygen partial pressure to 15 2 x

10- FRm s ot ddmtetdieud i) @t %Ha smdect ayerbwashe 6-26
exposed to oxygen for 5 seconds. Subsequently, a

O - Tiedddyw UtriderhayhR (spront uhderdtyerd migheic layer
thickness of 5 nm a magnetic recording |ayer of.

Fe- 47L &g PReG Wh BN tFRTERMEREL VP EXRTARE © ahdC@nbined
protective |ayer of g i th thi ckness of 5 nm were 111
depdsi ¥ &P brithenT i 95t Rt 0 a3 ETUCTHES 0 37T Wif oy (11L)
under| ayer_ was d sited by dual target co-sputtering

usi n%r%%étﬁl?%rggfmand Ti target. The Ti content of
Cr-Ti was ged h i NGyt ; Le 0

the Ot aFRr A" H E as g MO SR B Tery SRRy SentiocRRrmal
Subscﬁézﬁlécfna\@f'z&@k@ﬂ pattOF bhersOULLQL AT APPRBEHStive
and perflTuoropol yether (PFPE) as a |ubricant was 42

appl g eshp De t heasusfaceaoédtibe prot eshéveetayerawmi ih a

t hi ckness of 13A by dipping to manufacture the
magnetamplecordi ng nedium Media having a Cr-Ru all oy
underl ayer in place of



5 the C-Ti alloy underlayer were manufactured by the
sane procedure. The R'Wcharacteristics, crystal
structure and orientation of the crystal plane were
eval uated for the resultant magnetic recording nedia
as in 10 Exanple 1. The results of evaluation of the
structure by the 0-20 nethod showed that all the
magnetic |layers contained cryggal_grains of the L10
structure. Planar TEM observation for each | ayer
revealed 15 that both the Co-S at% Zr-S at % Nb | ayer
and the first underlayer wergq mirphous while the Cr

al I oy | ayer—and—ragreti-c—+ecorginrgayer—contained
crystal grains. with a §iesth sipge, d 1 INke| Péng .
to 9 nmand of°5 to Bndwﬂlayéspe(&'] VeébR] | (28] Aﬁootoh 8
medi a showed cerrent i [ [ TLudtyati [ e ngce
simlar to—théuedJ—a A rhé%’ga b h%fC%" %Q 3hov§§$..c
rel ati onshi p b€t ween tﬂﬂue—4©PTacont3eﬁt 16f5t Hé sefohBB
under | ayer nage; of an 1@; 4-5'9Ta25 al b 9y ,and ;S\NR asqyg! |
as a. As — -G Pt u\/cm1—c+ SNR—wears
remar kabl le_bylaHdi ng TNl'r‘lrﬁ)oﬂ"he ?atgébef| 36t p 9088 %
(Cr content ip.dhe range QknES [00431468 @49, 0aBds it
was found—that—the TPT OVETTETTt WS TTOT & EXCEr T ent
than in anpled 1 usi nI&l'(ﬁO MR t he- 9ddbatid 40n "iprol-g?ﬂar
On the other hand, it mesckapnd| stbaty.when the.67
content i[g tess, than 60, at% . the LT _angl €
abruptly dmé&_&adﬁhgw Mg dego 3&4;@ . % :-l—éﬁ—'
shows thel rel at% onshi p Ndett®®en {he Qri4.5{ 33 0.993
1-10 Ni-40%W 3.0 |16.2| 40 0.995
1-11 Ni-40%W 9.1 |16.9| 44 0.995
1-12 Ni-40%W 24.8|16.3| 45 0.995
1-13 Ni-40%Zr 0 |14.8] 35 0.995
1-14 Ni-40%Zr 3.0 {16.5| 41 0.998
1-15 Ni-40%Zr 9.1 117.4} 44 0.998
1-16 Ni-40%Zr 25.0116.0| 46 0.998
1-17 Ni-40%V 0O (1l4.6| 34 0.99%4
1-18 Ni-40%V 3.2 |16.1| 40 0.997
1-19 Ni-40%V 9.1 (17.0| 43 0.997
1-20 Ni-40%V 24.9116.4| 45 0.997
1-21 Ni-40%Mo 0 [14.5] 34 0.995
1-22 Ni-40%Mo 3.0 [15.9] 41 0.997
1-23 Ni-40%Mo 9.0 |16.8| 43 0.997
1-24 Ni-40%Mo 24.9116.1| 44 0.997
1-25 Ni-40%HE 0 |14.4} 33 0.994
1-26 Ni-40%HE 3.0 [16.1] 40 0.998
1-27 Ni-40%HE 9.1 (16.9} 42 0.998
1-28 Ni-40%HE 24.8(16.3| 45 0.998
Comparative Conven"cmnal _ 148! 36 0. 925
example 1 medium
Comparative Pt 55.9|12.0| 42 | 0.992
example 2
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content of the second underl ayer made of an Cr-Ru
alloy and SNR as well as a. As shown in FIG 22, the
10 nedia using the &-Ru alloy for the second

underl ayer showed the sane tendency as in FIG 21 for
the media wusing a C-Ti alloy. (Exanple 3) In this
exanpl e, magnetic recordi ng nedia having 15 the
structure shown in FIG 23 werggmapufactured. The
magnetic recording mediumin FIG 23 has a structure
conprising a soft underlayer 11, a first underl ayer

21, a Seo?Q@lgngeéﬁéwgrtgg f@l1B%{gggnde@héyﬁérgéndlcular
magneti c recording layer 31 and a protective |ayer 41

20 seqedd i@l tyc St ALKE @i @n SoPSt b Lrd«e i VAl ERMSple 1
materials were used for the first underlayer 21,

secQdl ingles |ey@rte 22c argked hd 16l unges t+ ayede 28f dhgon-
substrate tenperature and the oxygen partial pressure

ver e ndgielst Yl ehasigeds 0 af | oo e go Hxygesntat ben 26n
adsorbed on the first underlayer as in Exanple 1. As

in E@ﬁﬂ%lqed m%@f‘éraﬁw the gergnekte seeording medlum

SO AT S LB e
3.5 ?ﬁ"@e@%?a Gy dgss pupsiga o Ll o ﬁ%ﬁ%@%ﬁ{mr%ﬁmpb
%S?ﬁa@‘gﬁﬁ%g Bigrette Aedrdiinfalen B8, Srnfcobgered
100 i Andsipo N - Als st dadd thdef | ayeenéd+ 18, which means

underTayer) with a thickness of 7 nmwere deposited on
the WHasstid aflgerrdde SLid @£ DEn t AEs BsOShEAL €8s WBSmarkably

then heated with an IR I anp heater. The substrate
improved.

The medium of Comparative Example 2 having a tilt
angle o of about 58° shows remarkably degraded SNR as
compared with the medium in Comparative Example 1.

All the media with the tilt angle of 0° of Nos. 1-1 to
1-28 show degraded OW characteristics and slightly
degraded SNR as compared with the medium of
Comparative Example 1. In contrast, all the media
with o of larger than 0° of Nos. 1-1 to 1-28 show
remarkably improved SNR and OW characteristics as
compared with the magnetic recording medium of
Comparative Example 1.

FIG. 18 shows the change of SNR with respect to
the tilt angle o of the normal line to the (002) plane
of the FePt film for the medium whose first underlayer
is made of Ni-40 at% Ta. FIG. 19 shows the change of

OW with respect to the tilt angle a of the normal line



10 tenperature was changed in the range of 25 to 280C
by adjusting the heating tine. After heating the
substrate, oxygen gas was introduced into the chanber
with a controlled flow rate, and the surface of the

Ni -40 at % Ta underl ayer was exposed to oxygen for 5 15
seconds whil e the oxygen partial pressure was changed
in the range of 4.5 x 10-6 Pa t® 4.5 x 10-3 Pa.
Subsequently, a Cr underl ayer ésecond under | ayer) with
a thickness of 5 nmwas deposited on the first

und . er fgﬁ%i t 2
in éarrpy}fée &(?Aﬁa) Pt T ﬁt%@fﬁ%eﬁ?&@eﬁ%iﬁ?ﬁ Igéd i

thi clness ©f r 40 MW dES: geposd tiegtiOnot hei segomds Ta. It is
underl ayer by DC sputtering with a power of 100W under

an Aropi@sstse PIGS. Peg #mdrephethat redRrathagoWayer of
Fe-47 at% Pt with a thickness of 10 nm was deposited

25 ofhdhectdi 1 st inslestayeembykHC gpimpeoved Wit hha
power of 200Wunder an Ar pressure of 10 Pa. A
protezsé vieherayehre of i E wvindla ®hiekheskhef range, qhs3 to

further 6 45 deposited thereon. The s bstra&§ was_
t akefdout e 19 SERAGh 3 Farst RPSSFd 1N the

erfl ugropol yet her (PFPE) a a |l ubri o lied
P FELarTaNse of LEHE Bratbreyes Yapel ToiourbhiRg ot a
t hi fo.13A tQ. yufacture,gh ! o
ol oD RhurEh TR Ar S BT Se0 ae o

unde&%aﬁfi4os§99ngf.underlayer and third underl ayer
was changed as shown in Tables 2 to 4 to manufacture

magneti c gegor dhngnowBdiBebyet Beishahkipr beelbed the Ni
t hat descri bed above. 10 The first underl ayer was
sel egbgtlehit 0B NEh4ONDEYa Talal| ayd BNRABGoat ¥hhbmabion,
Ni -40 at% Zr all oy,
having a first underlayer of a Ni-Ta alloy. As shown
in FIG. 20, the SNR was remarkably improved where the
Ni content was in the range of 20 to 70 at%, and was
particularly remarkably improved where the Ni content
was in the range of 30 to 50 at%. It was also found
that the medium having the first underlayer of the
Ni-Ta alloy had remarkably improved SNR as compared
with the medium having the first underlayer of simple
Ta. The same tendency was also observed when Ni-Nb,
Ni-Zr, Ni-W, Ni-V, Ni-Mo or Ni-Hf alloy was used as
the first underlayer.
(Example 2)
In this Example, magnetic recording media similar
to those in Example 1 were manufactured except that

the second underlayer was formed of a Cr-Ti alloy or

Cr-Ru alloy.
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Ni -40 at% Walloy, N -40 at% V alloy, N -40 at% M
alloy and Ni-40 at% Hf all oy. The second underl ayer

was selected fromC, C-25 at% Ti alloy and Cr-25 at%
15 Ru alloy. The third underlayer was selected from

Pt, Pd, Ir, Ag and Cu, or no third layer was

provi ded. The resultant magnetic recordi ng nedia were
eval uated with respect to the /5 Wcharacteristics,
crystal structure and orientation of crystal plane as
20 in Exanple 1. The tilt angle P of the (200) plane

of crystalg J']g{ %%é?npjlré tihe J i d@yiele yasa Ryl datefe set

usi ng the pole I gure method as in Exanple 1. For

each ymedigyacttife @argem drsinodus ich tdhe tdet 2 idept h

direction was evaluated by SIM using Cs+ as a

Pri ReA dadi sunderaden racee|Ger3ditliton meolufamye wifed Ky, Arhleva

results are shown in Tables 2 to 4. 46 O rnrnrnc

rn @ompamatdcm)a a glass substrate (trade name TS-108X,
manufactured by OHARA INC.) with a diameter of
2.5 inches was loaded, and the pressure in the vacuum
chambers were evacuated to 1 x 10-6 Pa or less. Then,
a soft underlayer of Co-5 at% Zr-5 at% Nb with a
thickness of 100 nm and a Ni-40 at% Ta underlayer
(first underlayer) with a thickness of 7 nm were
deposited on the glass substrate. After heating the
surface of the substrate to 170C with an IR lamp
heater, oxygen gas was introduced into the second
chamber to set the oxygen partial pressure to
2 x 10~3 Pa so that the Ni-40 at$% Ta underlayer was
exposed to oxygen for 5 seconds. Subsequently, a
Cr-Ti alloy underlayer (second underlayer) with a
thickness of 5 nm, a magnetic recording layer of
Fe-47 at% Pt with a thickness of 10 nm, and a
protective layer of C with a thickness of 5 nm were
deposited on the first underlayer. The Cr-Ti alloy
underlayer was deposited by dual target co-sputtering
using the Cr target and Ti target. The Ti content of
Ccr-Ti was changed by changing the powers applied to
the Cr target and Ti target, respectively. The

substrate was taken out of the sputtering apparatus,

and perfluoropolyether (PFPE) as a lubricant was
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applied to the surface of the protective layer with a
thickness of 134 by dipping to manufacture the
magnetic recording medium.

Media having a Cr-Ru alloy underlayer in place of
the Cr-Ti alloy underlayer were manufactured by the

same procedure.

The R/W characteristics, crystal structure and
orientation of the crystal plane were evaluated for
the resultant magnetic recording media as in
Example 1.

The results of evaluation of the structure by the
0-206 method showed that all the magnetic layers
contained crystal grains of the Llg structure.

Planar TEM observation for each layer revealed
that both the Co-5 at% Zr-5 at%$ Nb layer and the first
underlayer were amorphous, while the Cr alloy layer
and magnetic recording layer contained crystal grains
with a grain size in the ranges of 6 to 9 nm and of 5
to 8 nm, respectively.

All the media showed excellent thermal
fluctuation resistance similar to the media in
Example 1.

FIG. 21 shows the relationship between the Cr
content of the second underlayer made of an Cr-Ti
alloy and SNR as well as o. As shown in FIG. 21,
improvement of SNR was remarkable by adding Ti in the

range of 5 to 40 at% (Cr content in the range of 95 to
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60 at%), and it was found that the improvement was

more excellent than in Example 1 using Cr as the
second underlayer. On the other hand, it was found
that, when the Cr content is less than 60 at%, the
tilt angle a was abruptly changed, leading to degrades
SNR.

FIG. 22 shows the relationship between the Cr
content of the second underlayer made of an Cr-Ru
alloy and SNR as well as a. As shown in FIG. 22, the
media using the Cr-Ru alloy for the second underlayer
showed the same tendency as in FIG. 21 for the media
using a Cr-Ti alloy.

(Example 3)

In this example, magnetic recording media having
the structure shown in FIG. 23 were manufactured. The
magnetic recording medium in FIG. 23 has a structure
comprising a soft underlayer 11, a first underlayer
21, a second underlayer 22, a third underlayer 23,
magnetic recording layer 31 and a protective layer 41
sequentially stacked on a substrate 1. Various
materials were used for the first underlayer 21,
second underlayer 22 and third underlayer 23. The
substrate temperature and the oxygen partial pressure
were variously changed for allowing oxygen to be
adsorbed on the first underlayer as in Example 1.

As in Example 1, predetermined targets were set

in respective vacuum chambers of the sputtering
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apparatus (trade name C-3010, manufactured by Anelva

@]
o —

corporation), a glass substrate with a diameter of

2.5 inches was loaded, and the vacuum chambers were
evacuated to a pressure of 1 x 1076 or less. A soft
underlayer of Co-5 at% Zr-5 at% Nb with a thickness of
100 nm and a Ni-40 at% Ta underlayer (first
underlayer) with a thickness of 7 nm were deposited on
the glass plate. The surface of the substrate was
then heated with an IR lamp heater. The substrate
temperature was changed in the range of 25 to 280°C by
adjusting the heating time. After heating the
substrate, oxygen gas was introduced into the chamber
with a controlled flow rate, and the surface of the
Ni-40 at% Ta underlayer was exposed to oxygen for 5
seconds while the oxygen partial pressure was changed
in the range of 4.5 x 107% Pa to 4.5 x 10~3 Pa.
Subsequently, a Cr underlayer (second underlayer) with
a thickness of 5 nm was deposited on the first
underlayer. After heating the substrate to 320C as
in Example 1, a Pt film (third underlayer) with a
thickness of 10 nm was deposited on the second
underlayer by DC sputtering with a power of 100W under
an Ar pressure of 8 Pa. A magnetic recording layer of
Fe-47 at% Pt with a thickness of 10 nm was deposited
on the third underlayer by DC sputtering with a power
of 200W under an Ar pressure of 10 Pa. A protective

layer of C with a thickness of 5 nm was further
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sputtering apparatus, and perfluoropolyether (PFPE) as
a lubricant was applied to the surface of the
protective layer by dipping at a thickness of 134 to
manufacture the magnetic recording medium.

The combination of the first underlayer, second
underlayer and third underlayer was changed as shown
in Tables 2 to 4 to manufacture magnetic recording
media by the similar method to that described above.

The first underlayer was selected from Ni-40 at%
Ta alloy, Ni-40 at% Nb alloy, Ni-40 at% Zr alloy,
Ni-40 at% W alloy, Ni-40 at% V alloy, Ni-40 at% Mo
alloy and Ni-40 at% Hf alloy. The second underlayer
was selected from Cr, Cr-25 at% Ti alloy and Cr-25 at%
Ru alloy. The third underlayer was selected from Pt,
Pd, Ir, Ag and Cu, or no third layer was provided.

The resultant magnetic recording media were
evaluated with respect to the R/W characteristics,
crystal structure and orientation of crystal plane as
in Example 1.

The tilt angle B of the (200) plane of crystal
grains in the third layer was evaluated using the pole
figure method as in Example 1.

For each medium, the oxygen distribution in the
depth direction was evaluated by SIMS using Cst as =
primary ion under an acceleration voltage of 1 kV.

The results are shown in Tables 2 to 4.
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E-4 - 49 Table 2 shows the follow ngs. The magnetic
recording nedia of Nos. 3-1 to 3-15 having a

crystal line underlayer selected fromPt, Pd, Ir, Ag

and Cu inserted as the third | ayer exhibit nore 5

i nproved SNR as conpared with the recordi ng nedi a of
Nos. 1-4, 1-7 and 1-15 having only the first

under | ayer and second underLaygE with no third | ayer.
Table 3 shows the foll ow ngs. e magnetic recording
media of Nos. 3-16 to 3-30 having an 10 inserted

third | ay n i $] e £ 25 % Ti.
all oy as ?%%lgg%oggggﬁdgﬁ a?%?fbggggg'ex Péi?ghanac

| mpraves: SNRy afe GOIMSF eflo ¥ th1 heg ﬁggeﬁagiﬁﬁcgr di ng
media of Nos. 2-1, 2-2 and 2-3 having only the first
undes t pyed 1 Bivte secaae] apslersayectdd nréh po, thirdir, aAg
| ayer as the results in table 2. Table 4 shows the

fol lowd Mgs. iTdervegnes | the recdrdi hgyeedeahobiNosord- 31
to 3-45 having an inserted third underlayer, anong

t he el QVedi TRR the CAPR5e@dt Wi Ry Blhe oyeagrdhegsmedhd of
under | ayer, also_ 20 exhibit nore inproved SNR as
conp¥red Wi4h nhe amghet P chaetdd dPmby nelde af HFSNos.

2-4, 2-5 and 2-6 _having. only the first underl|ayer and
sec P UmMGRY$ By d W??ﬁ%o%%ﬂﬂai’%\?e‘f’l%}é PRetRetd taver.

in table 2, FIG, 24 shows_t | at i onship between, th
11 25 ST D SFoTRetRer nat rAESTo t hae(308)Chi Hne
f - | f L8l Ldpe to,th

(002)° B e ol b BB GaF) Tl SRR T e il

usi Nch St MNi - 84 %N d e ) | Mon& tROIEGi Asubbegf ERst,
second and
Cr-25 at% Ti alloy as the second underlayer, also
exhibit more improved SNR as compared with the
magnetic recording media of Nos. 2-1, 2-2 and 2-3
having only the first underlayer and second underlayer
with no third layer as the results in table 2.

Table 4 shows the followings. The magnetic
recording media of Nos. 3-31 to 3-45 having an
inserted third underlayer, among the media using the
Cr-25 at% Ru alloy as the second underlayer, also
exhibit more improved SNR as compared with the
magnetic recording media of Nos. 2-4, 2-5 and 2-6
having only the first underlayer and second underlayer
with no third layer as the results in table 2.

FIG. 24 shows the relationship between the tilt
angle B of the normal line to the (200) plane of Pt
and the tilt angle o of the normal line to the (002)

plane of FePt as well as SNR in the medium using
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third underl ayers, respectively. It was found that

the SNR was renarkably inproved when 1 was in the
range of 3 to 25. The sane tendency was al so 5
observed in the nedia using the N -40 at% Ta al | oy,

Ni -40 at% Nb alloy, N -40 at% Zr alloy, N -40 at% W
alloy, Ni-40 at% V alloy, N -40 at% No aIon or Ni-40

at% Hf alloy as the first unde§ ayer ; using Cr,
Cr-25 at% Ti alloy or Cr-25 at/oRu aIon as the 10
second underl ayer; or using Pt, Ir, Ag or Cu as

the i 5d yagerlayero Fl G ;édspewgstlag "gLaLionshiBoy an

between the ratio t he” oxygen anbunt r enai

t he tmiﬁéf@§@e9iay§%sTafé%pé@ti@@%gxygﬁﬂ_@QQU@Eun? that
remai ning at the 15 interface of

and $SNR $NR t hies NBethar k&S #0ihpPeoted 40nah 9B Taaal Lﬁythg
and Pt as the first, second and third underl ayers,
respeztdeedy. 3 Aso shotwn  The tseanadraanidgn e a veppraaehes
zero when the ratio of the anmount of remaining oxygen
at t PRSP HY A f Hie etlof @@d@/wm@ the Bxygenaaholatalloy,

i Ni at, t e interface N - Ta/ Cr exceeds unlty
res Jtl%@ r &Y SN - 4(1'h%t3a% 2eheencyinAS arsoW

%F’?ervﬁuﬁﬁfhm%g”ﬁ-ﬁﬁo Wohzredisng T2 og't'@/é?w

NN OB fad Ve N A0 b 2068Y 8L psing
Cr, & ;25rai% Jis aﬂ oY1 Phy é} @15—?:‘;"/31?41 ﬁul.g’%l@g éguthe

second underl ayer; or usi'hg 51 Pt,
as thecdh rehasersya@yeror lis ﬁ@pnﬂdfrpmtﬂg besght gs

of evaluation by the 0-20 nethod that all the
magnete cth ay@rsndent aysed crystal grains of the L10
structure.

FIG. 25 shows the relationship between the ratio
of the oxygen amount remaining at.the interface of
Ni-Ta/Cr to the oxygen amount remaining at the
interface of Cr/Pt, i.e., 072/023 and SNR in the media
using the Ni-40 at$% Ta alloy, Cr and Pt as the first,
second and third underlayers, respectively. As shown
in the drawing, o approaches zero when the ratio of
the amount of remaining oxygen at the interface of
Cr/Pt to the oxygen amount remaining at the interface
of Ni-Ta/Cr exceeds unity, resulting in degraded SNR.
The same tendency was also observed in the medium
using the Ni-40 at% Ta alloy, Ni-40 at% Nb alloy,
Ni-40 at% Zr alloy, Ni-40 at% W alloy, Ni-40 at% V
alloy, Ni-40 at% Mo alloy or Ni-40 at% Hf alloy as the

first underlayer; or using Cr, Cr-25 at% Ti alloy or

Cr-25 at% Ru alloy as the second underlayer; or using
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5 Pl anar TEM observation for each |layer as in Exanple
1 revealed that both the Co-5 at% Zr-5 at% No | ayer
and the first underlayer were anorphous, while the
second underl ayer, third underlayer and magnetic
recordi ng |ayer contained crystal grains with average
10 particle size in the ranges of 6 to 7 nm 5 to 6 nm
and 4 to 5 nm respectively. 521 WHAT IS CLAIMED | S:

1. A magnetic recording mediumconprising: a
substrate; a first underlayer fornmed on the substrate
and p5 GYPriSi NGy &t anPrahouse all Oy c&meafm\{r@r N; a
crystal l'ine second under | ayer formed on the rst
under | ayert ajgk CONPEd Sf Agn StiPl L= €410 N @ddDyation by
containing Cr; and a magnetic recording |layer forned

on tthe $e@dndeth@dundhert! aydr tdwed meome@Etisi Agyedrd eagttained
one element of Fe and Co and at |east one el enent of

Pt amyPRhl awkicomiairiaghagletictergstal grains
haV|ng an L10 structure, wherein an oxygen anount

renai ni ngf %ﬁ]TﬁﬁmﬁbSQEW%ﬁ%?%c%oﬁfe?ﬁ% §@¥®hgas in

on ST carie hﬁ@taﬁ%%%ﬁy&m dETayert ERE % o

vvherelynera r}qocf{@}} line d our?d?{]f)ao rmgn QIIIOE ous, while

rmgne%lc Crys gral ns IC re

| ayemd %é{{d&{“&f&{gﬂp@rt idi; ANGhSuP d e B ma%gﬁe@lc

to 25 to a norma ne to a medium plane.

magnetdSrd B6Pr CH it NSt [RES OF £K $10a 1 Ogré?ir@é; nwth average
wherei n the anorphous alloy is selected from

particle size in the ranges of 6 to 7 nm, 5 to 6 nm

and 4 to 5 nm, respectively.
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the group consisting of an Ni-Nb ally, an N -Ta all oy,
25 an N -Zr alloy, an NN-Walloy, an Ni-M alloy, an
Ni - H alloy, and an N -V alloy. 3. The magnetic
recordi ng nmedi um according to 53 claim1l, wherein an
Ni content of the anorphous alloy is in a range of 20
to 70 at% 4. The magnetic recordi ng nmedi um accordi ng
to claiml, wherein the alloyggontaining O is a
C-Ti 5 alloy or a O-Ru alloy. 5. The magnetic
recordi ng medi um according to claim4, wherein a Ti

content of the C-Ti a&gr@y 1S diA1MED aitge of 5 to 40
at% and a Ru content of the &-Ru alloy is in a

range of b.ton4RaqhdtidOrécodengagact e ¢66PFIEDEg:
medi um according to claim1, further conprising a
third crystsblbsteatender| ayer containing at | east one
el enent selected fromthe group consisting of Pt, Pd,
Ag, Cu amd ﬂrs‘belﬁlv\sé%hlﬂﬁ%rs@@@h@duﬂ@eth@y@ubahdatﬁeand

magnetic 15 recordi ng Hg¥ 7. The magnetic recording
medi SHARICEDY A rﬂjlt%m%@ @ LIperetmt I Hel R % N i

SPgﬁre' S‘ﬁ%ﬁ?iﬁé TRsE Y5 fona R ETI AR oot %PltBhe
25 t O 1
rmgne |c reco J%ir%épedg &&éﬁ%l%@n@agﬁn% 110y

furthale £LOMHd EP9 Agoft underlayer between the
first underlayer and the substrate. 9. A nmethod of

manuf act ug i iggfe PRGNS ESrd 28 I E£PE £l NGrhBdi M the second

conprising: depositing a first underlayer conprising

an underlayer and comprising at least one element cof Fe
and Co and at least one element of Pt and Pd, and
containing magnetic crystal grains having an Llg
structure,

wherein an oxygen amount remaining on an upper
surface of the second underlayer is larger than an
oxygen amount remaining on a lower surface of the
second underlayer, and wherein a normal line to a
(001) plane of the magnetic crystal grains in the
magnetic recording layer is oriented with a tilt angle
in a range of 3 to 25° to a normal line to a medium
prlane.

2. The magnetic recording medium according to
claim 1, wherein the amorphous alloy 1is selected from
the group consisting of an Ni-Nb ally, an Ni-Ta alloy,
an Ni-Zr alloy, an Ni-W alloy, an Ni-Mo alloy, an Ni-
Hf alloy, and an Ni-V alloy.

3. The magnetic recording medium according to
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anor phous all oy containing Ni on a substrate; 54
heating the substrate to a tenperature in a range of
25 to 280C, followed by allow ng oxygen to be
adsorbed on a surface of the first underl ayer;
depositing a crystalline second underlayer 5
conprising sinple & or an alloy containing Cr on the
first underl ayer having adsorbedg oxygen; and
depositing a magnetic recording |layer on the second
under | ayer, the magnetic recording |ayer conprising

at leastm one wherent of e avse &9 apd @ﬁelgmbﬁﬁﬁgugnﬁlloy

el ement of Pt and Pd and containing nagnetic crysta
graiins iravd ngarege LAH B¢ restuoeat40. The met hod
according to claim9, wherein oxygen is allowed to be
adsor bed on dlseirfiageeoicthecotdisy madéuhayetosdihbato
an oxygen anmount remai ning on 15 an upper surface of

t he GSledlghd undeereierthe 3bkgerconhainang okyges andunti
remai_ni ng on a | ower surface of the second
undéar]i%{%/)gro.r it CI Raghket9¥: recordi ng appar at us
conprisin the magnetjc recording nmedium according to
cPaT 1 oh B TPESH bp | TecheanTs eurTheEe2t g 8o

claim 4, wherein a Ti content of the Cr-Ti alloy is in
a range of 5 to 40 at%, and a Ru content of the Cr-Ru
alloy is in a range of 5 to 40 at%.

6. The magnetic recording medium according to
claim 1, further comprising a third crystalline
underlayer containing at least one element selected
from the group consisting of Pt, Pd, Ag, Cu and Ir
between the second underlayer and the magnetic
recording layer.

7. The magnetic recording medium according to
claim 6, wherein the third underlayer contains crystal
grains having a (100) plane oriented with a tilt angle
in a range of 3 to 25° to the normal line to the
medium plane.

8. The magnetic recording medium according to
claim 1, further comprising a soft underlayer between
the first underlayer and the substrate.

9. A method of manufacturing a magnetic
recording medium comprising:

depositing a first underlayer comprising an

amorphous alloy containing Ni on a substrate;
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heating the substrate to a temperature in a range
of 25 to 280°C, followed by allowing oxygen to be
adsorbed on a surface of the first underlayer;

depositing a crystalline second underlayer
comprising simple Cr or an alloy containing Cr on the
first underlayer having adsorbed oxygen; and

depositing a magnetic recording layer on the
second underlayer, the magnetic recording layer
comprising at least one element of Fe and Co and at
least one element of Pt and Pd and containing magnetic
crystal grains having an Llg structure.

10. The method according to claim 9, wherein
oxygeh'is allowed to be adsorbed on a surface of the
first underlayer so that an oxygen amount remaining on
an upper surface of the second underlayer is larger
than an oxygen amount remaining on a lower surface of
the second underlayer.

11. A magnetic recording apparatus comprising
the magnetic recording medium according to claim 1 and

a read/write head.



