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application clains the beneflit of Japanese Unexam ned
Pat ent Application, First Publication No. 2003-6188
filed January 14, 2003; Japanese Unexam ned Patent
Application, First Pyptd@RipPIONO. 2003-6189 fil ed
January 14, 2003; Japanese 10 Unexam ned Pat ent
Application, First Publication No. 2003-103452 fil ed
April7, 2003; Japanese Unexami ned Patent Applicatim
First Publication No. 2003-103453 filed ril
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manuf acturing therefor, and a magnetic read/wite
apparatus using this magnetic recordi ng nmedium 20
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mor eThiangpli¢ation s1aime thbenchia olapangse Hﬁ@?@\%lye pient Pphcatlon
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acteristics is needed. Generally, a

Jap!aﬁésféew%ﬁzuhﬁ;red reaeitWApplécaniadi Fiest hRublizagaom INst. (20931193453 filed

which a backing |ayer (soft magnetic undercoat film
Apeih 7,006%; @od(U.8i Proviskenal dwplisationt Ne- @U44R63 hellin £PRIERIE .08 fvhich
axis of the ma%netl c recording film perpendicular wth
areripeqrpetataddierdia by ref§iiafs-at e surface, a perpendi cul ar
magnetic recording filmconprising a Co alloy, and a
protective filmare formed on a substrate.

Technical Field

The present invention relates to a magnetic recording medium, a method &
manufacturing therefor, and a magnetic read/write apparatus using this magnetic

recording medium.

Background Art

The recording density of the hard disk drive (HDD), which is one type of
magnetic read/write apparatus, is presently increasing annually by 60% or more, and it
is thought that this tendency will continue into the future.  Thus, presently
development of both magnetic recording heads and magnetic recording media that are

suitable for high recording densities is progressing.
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To inprove the read/wite properties of the magnetic

recordi ng nedium of course a magnetic materi al
whawitnetods | ow noi se can be used on the per pendPCUIR2004/000205

magneti c recording firlm and, several nethods for

i mproving the | ayered structure have 10 been proposed,

such as Japanese Patent' Nunber 2669529, Japanese
medivaxbavimpsipPrioiscordigpead/aritosharguteristicPigmepdast i on No.

Hei 08-180360, and_ Japanese Unexa%@neqlPatent . )

Appl Venaralbn 2 perrsndipplar itead/ WHtF Ripdiy;hag7z2 sypotuge in which a

apanese, Pat ent .. 266952 r d.in. whiech
oo SR (<0 el v, AR RS Tl U e B0 casy
Iy | dn@NHadrtfic REXAGAR il ghdisuldt LWgh fdspdB to th

nm#s E%ggfhg%égggd aﬁ% t%e c-ax?s g??g%ta;i%n of tﬁ%ﬁ o e

sutkg¥Rgarfate, ApgiRhiieuat hdygndtid wrodingnilioy@dptyings Qo diojgand a
a Ti undercoat film between a non-nagnetic substrate

prodevtive fibm hextagoadbn awakptatd.c al l oy film and
I ncorparating other elenents, in tBe Ti undercoagt fil
Howe Ve APigYErihe SPafgWiirePAPeriies & hndRacasis rfoordipe pprelium, of
exchange coupljng, in the net.j c l.ay. fil cQ .

coffls §omign Peleif oy e ) FPREI Bl o82yscy 2 BWpRndicutar
ma%g&_ﬁ:r AEAing2nf @R sEVerDOa MBS 5 filpfdtide BRARAKI& §thRture have
di um nol Se 1 ncreases. Japanese Unexam ned "Pat ent

bedftbp st woh afFapaheseHakdnt dMuindier R669330] Jap8nck8QBHBRamined Patent
proposes a nethod in which the c-axis orientation of

Applieation, Fitbtouhiisatiem ¥ Jileir08-h¥lpel: ped Jenanesti Hgexdqmined Patent
I mproved. b Qrm ng.an_u r t filmconsisting of Co

APHHgatIORug%%tyP\}é]é??“ﬁnmE’Wﬁgﬁ'gp?g&subst rate and the Co
allo ' ar. j ' 5 :
BRI A ooRPOE fonct B8R M U ppgicncy o

thed8GicE BERRch AR Tiddllog Wdbledchf filfresd k8 he RALASM thZ@Heti0 ALY film is
to the saturation fmagnetization Ms, that is, /| Ms, of

inckdased el the ndixisulrntaniag é thicchex agrovatimagndticl atfop fibmiislgolproved by
thereon. As a result, further increasing the

providiog di hig vedaredat \filmebeiiisen @i 1en-maRketiserbiaeand the hexagonal
t her tabiljty in the 2004/ 064048 .

o Ay Gl o P TP R E SRR F PR A FeOEr PRI ng
medi r [ leGh.a LI :
agnaer Ve Al utTBE o iy BnAQORR e Hckex BB cPlbe i the

map RO Gl il dieBoinBs WMip€ handt fea easilt, TRENSt inZ@bdilN tiX ictording
I'n the magnetic filmis oriented parallel to the

demsityPecanes diffldattdbecause theangdinmgmdsei inareises axi s denot es
the axi s al ong which ef‘rrggneti zation i s easi

ly 5
i  ebpeBseAiepRINCH s Sppicoonl st o caiondYe 41a 190360
prihitaet B el b st ar e oL b G L Pifhepaicutar

ma'gﬁeticj f3E6R m {sriﬁpi/d’?zle&l 08P iah u@fletbbf TRADRESEng bf @b and
ecomes too small, "and thus there is
Ru between a non-magnetic substrate and the Co alloy perpendicular magnetic
recording film.

However, the undercoat film consisting of Co and Ru decreases the ratio of the
residual magnetization Mr to the saturation magnetization Ms, that is, Mr/Ms, of the

perpendicular magnetic recording film provided thereon. As a result, further

increasing the recording density becomes difficult because the thermal stability in the



10

15

20

25

the possibility that the read/wite characteristics

will deteriorate due to the thermal fluctuation
we@bdoeot#48 | N addi ti on, when the recordi ng densPCTJR2904/000205

increased, there is a 10 tendency for the nedi um noi se

to increase due to the influence of the demagneti zi ng

field _at the boundary area between recording bits. In
cont ?Pégsceflh%ﬁg? magBeGrerRring B@ﬁ%&?&f’@u}’ é‘?‘o‘-\‘i‘g@rfétq gommercially
' ' i n ' the, eas netization,. . .
w6 BT Tt Don et e P BR Piag T e gia sy which
thé REsy BHBSdzaléh afiRNn IHPBASId HBn i 6HEASE phiklBPIc e substrate.
even when the recording density has been f5 i'ncreased
Hérecthu sasyt megiotizhtigneds déndtéethe @RBONG1d whithl thigdletlzatfon is easily
.the boundary area between recording bits is small and
diggctedy anigi in theoeaselaf 2 € adlog, depptep the danis dECobawing bhhep structure.
perpendi cul ar magneti.c recordi ng medi um has becone the
focud AP HPlepe imagnetc recuding Pedipm, yeeauthe tesarding depsity is
. ecordi ng densit t he nor net ost ati cal | )
indsP eS8 Ol ST S G P PEE R b fealt and thus there s
thd lpsibiaty it RS kSldARRR LifrdddGisEiRs ‘jﬂll d%@erlﬁat'éecﬁl%nio the thermal
yéars, t'he use of single pole heads, which a superior
flustuation @ffeapacid yddigon,pehpenil edtbatingrdenglyl & heeeded Mkre is a
media, are being investigated in response to the
tenyisheh &orf tbe negdivh aroifentorisarsastgdich® the dofldineg of ¢hes demagifetizing

. netjc recordi media. J]n order to use a single
fleg%%éﬁﬁb%lﬁldé’fyf@&% %&1391} r??PE?{W%iWFg a layer consisting of
a so ' | |l ed the backing layer, .. .
pet vib O TRAE kb JE S a pERenBEUDRaBRA, HnB Figtiom, in
whith e daSy bagnétRaRbs LS ih MShagRRE iGs DHBSEA ?Eﬁ)eﬁc'ﬁ% lar to the
been proposed in order to inprove the efficiency o?
subdtratepcan seppiréssvihoinckdase imgoied evenf Whon the trae@inkgiensity has been

. single pole head and the magnetic recordi ng nedi um
inqueaged Becaush e inllusnge pf dedlemegrdtiainiesidld at the bowedary area between

insufficient in a netjc . recording di um t hat .
recﬁ(ﬁ'ﬂgybl & il ﬁngg(g?ﬁrnjﬁl‘%l%}‘é‘ﬁ?ménaret gieg. nelgpidermpore,  this
/L | 4 - J /.00 4 .
P AL g CHRARARIR, BTGNS A00R02 i p
yedigtiRaiusbppt ilggter Ghe rEddrding Pdém;ig;} 3hé MbrbAnagilostatically stable it
07-192244 proposes formng a undercoat film

be¢rmeseaml thhenageifs theame! Bmdudtiva r&ostatdedyincpasgiendi cul ar
magnetic recording film 5 However, when the . ]
per p&hEfcerf| errschieise of shgmpale eadscwhigh fgsupetien witing capacity
formed. on the Pt undercoat .fil the mismatch in the

on g ERGico il b REel rBERDE Feit R BB R BERICS i BBPORRo the

dehid il fuReOmEMESing Mhd RRofAYSHsi i

eper per{di cu(l3 ar maglrllgeti c ?ec d‘?lrﬁgﬁolrfllﬁ?nggﬂ%‘ﬁ%géco{d%gg media.  In
orc?ﬁ abamgea gk ipols heidvefectivee, PR@AIECa Pafek | @nSiStiAd) of a soft
e
magnetic material, called the backing layer, between the perpendicular magnetic

recording film, which is the recording layer, and the substrate has been proposed in
order to improve the efficiency of the of the flow of the magnetic flux between the
single pole head and the magnetic recording medium.

However, the read/write characteristics become insufficient in a magnetic

recording medium that simply provides a backing layer, and thus a magnetic read/write



per pendi cul ar magnetic recording fil mbecones strong
and the nedi um noi se increases, 10 and thereby
w0 eoottheto4s ncr easi ng the recordi ng density becor@BJP2004/000205
difficult. Disclosure of Invgntlon I n consideration of
t he probl ens descri bed above, it is an object of the
present invention to provide a magnetic recording
CQT@HJYL}H@&"@HP figmelerigiaiéfe the read/wite 15 properties

et VRl Pt e ERioTe KreCPuftis oG BB A 02244

prglgrggé }’i’g}ngﬁgggeg{ %Hémoit”ﬁﬁﬁdﬁétw‘eé’n qht aéu‘Bst*rzfl@ R ‘ﬁ?et %o alloy

resent invention e
p&ﬁ&ﬁﬁ%ﬁﬂﬁmghauﬁkuhﬁn@ﬁﬂhlA first invention for soIV|ng
the probl ens descri bed above is a nmagnetic 20
b r ecottbiwayenyedicanrtht patpepdionad€s atloy anapnnticregneting film is formed
substrate at |east a soft magnetic undercoat film a
Onftlh? 8t undeaenat anl the mtsmhtah i thetcrysita latHee gresehergbetyperpbecomes
di.rect econd un thgoat fi

tnggly ph AREHRR SeERet 6 SEOFGCRT M 1 HE TR icHlar magneti
re&ﬂ&ﬁ[lg rfggpetm@t {h%ne)&ﬁbrg% (?0 gﬁﬂ? K vlfé/egot'hle qﬂéeg%gtlc I‘?artlcles in the

perpeéndi cular Wwthre he substr at
peffeatiRGlak Fﬁétid‘ﬂec&ﬂﬁlg\/ﬂﬂﬁf Bédonieh 8trbihgd Sid MO GRIdGRRhofsk litBreases,
consists o , or an alloy 25 including at | east
10 andnkere¢thefuebér, inamdsing thegecwdig dankbtydeaomes diffiadinsi st s of
Ru or an Ru alloy. (2) A second invention for solving
the problens descri bed above is a magnetic recording
medi um in mhich in the magnetic recordi ng nmedi um
. ' t he WO 2004/ 064048 PCT/ JP2004/ 000205
jD%&?ﬁ#éEﬁggéﬂb the first undercoat filmis equal to or
greater than 0.5 nmand equal to or Iless than 10 nm
(3) An considbrationestt the prébdéms Gdsetibgl dtverepit @PALOBect of the present
descri bed above is a magnetic recording nediumin
invgition toimovide araggatticc racewsiingl imrediume dhainsadeisaprotre thei read/write
(1), the ﬁ t hi ckpess of the second undercoat filmis
15 Pf%z?ﬁataqs ! allows aspline prdritieg Arieapld2 dyealdepytipr magy&cturing

IR0k Wi Ha Al L OVER Lgacbar solving the

recordi ng
”Ed' Bokder W 'o%ﬂnn 'tHé 63]8‘0@6%%5&@ abReOHl Gsdie ‘i'JdvléHﬁon employs
described in (1), first undercoat filmhas a

~th<sfdilmztng":erucﬂlﬁe(5) A f| fth invention for solving the
probl ens described above is a magnetic recording
medi (b Arflrmrwnnthqurrﬁ@lmﬂapr@ leasodasrmpdnaiiveis a magnetic

20 ICCOIS]%EIIgeer lum hgtlgrowades on a non-magnetic substrate at least a soft magnetic
undercoat film, a first undercoat film that controls the orientation of the film directly
above, a second undercoat film, a perpendicular magnetic recording film in which the
easy magnetization axis is generally oriented perpendicular with respect to the substrate,
and a protective film, and wherein the first undercoat film consists of Pt, Pd, or an alloy

20 including at least one thereof, and the second undercoat film consists of Ru or an Ru
alloy.

(2) A second invention for solving the problems described above is a magnetic

recording medium in which, in the magnetic recording medium described in (1), the
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filmhaving an anorphous structure or a mcrocrystal

structure is provided between the soft nmagnetic
wapaeneodt filmand the first undercoat film ¥@&)JIRR004/000205

sixth invention for solving the problens described

above is a magnetic 15 recording nediumin which, in

the magnetic recordi ng medi um described in (1), the
thickness of Hisehisburdereqainfiip ds gawad teor groates tBay@atim and equal to or

vent on for solving the probl ens descri bed above is

lﬁﬁhmﬁg“i tecording mediumin which, in the magnetic

reco@ ﬂqhﬁf&% mlgﬁ &féo‘i’ﬁﬂ 'tﬁkf) Txﬁé“&escﬂﬁédogcfb eqy'a%agneuc

magnet’i ¢ recor |ng |In1co SI's mat er
redofdihp G@&didh 1heaBith,GR the nnetiChecordifly fiﬁ&inﬁn%@&ﬁﬁeﬂein 1), the
-nucl eation field (-Hn) equal to or greater than O. S
thidkness ghthk stcondntnidercodtdilmsioleyialgo bherepteo taarts5 dasadi elqed to or
above is a magnetic recording nmediumin which, in the
lesgriltpmek mmy ecor di ng filn1recording medi um described in

(3 (R B ST RS ot B
redg?d’ﬁgg%féﬁﬁéé% Wik 'i%gthE he 55}%9@ 'r&,{l\&"ﬁ g%&é&uﬂﬁ%e@g‘% 8 bsgcl) the

recor

firft%@él‘ébzmﬁlﬁﬁiﬂsla_ffc&jﬁﬁf&drged in (8), the oxide is
selected fromSi 2, A1203, C 203, CoO, and Ta205. (10)

A t ef@bAififtte mvieotiorf Gor sebling tig priobleprsoddsevitiedd@noe iibednagnetic
abgve is_a magnetic recording nmediumin which, in the

re%gﬁ&meél%@bwamhgnh@é |Ilﬂﬁ&nélfé"s¥?ﬁf>l§‘é‘ég medipm ¢ eSFﬁ@edﬂB (1) a seed
£l 04/ 064048 PCT/JP2004/ 000205 % X q under Co th
1 ‘H VIREAHEPRPO WY T & %Hﬂgﬁog‘iyﬁ ES OFHRG HPTAN eﬂd”e Wl the

SO@H gﬁetlcalﬂgie?d?)at @Tf-%%gd tg(e%ﬂ-gtu@[]dr@g VRt h invention for

ing the pro escri ove is a magnetic

r eco(@l AGixTR dhvetibn fdolving ithe ﬁ lefRgdetiibed &00Eds AGnagnetic
medi um described in 5 (10), e oxide is selected
redordmg Sugiiym A 20i8ch,Gn2b8 ma@nej,lc ageording @&:diym 2esribed in (1), the
wel fth invention for solving the problenms described '
flr%%‘&é%”?@ fm lﬁ‘élg‘ﬁ%Wc recording mediumin which, in the

magn [ecol descr . .
perponckeGRaf el ik BB b obOs g gt
rec@?&ﬁ%'n@édﬂiﬁ‘%%lﬁc@t in! t88$Ma Qﬁ@r&t)r@hg%ledﬁﬁg%scrﬁeggn I:gtl), the
Cr 20 and Ta205 are added to a CoPt | oy or a
pedlehdiyulad thagh@)c Acbiding Bemicbndiny efti mmteﬁa)lr thSDirM:hfleS hh&ast Co
Eroblens descri bed above is a manufacturing nethod
and Bt agd kayheedative sedeationdickbaPmequal Whorcgreater thea8t a
net i c. under%oat I rst., un erc at film

sof t
©hat (OB et pHEBP TaroLying fegtobims depaibed above is a magnetic

recording medium in which, in the magnetic recording film recording medium
described in (1), the first undercoat film has a granular structure consisting of Pt or Pd,
and an oxide.

(9) A ninth invention for solving the problems described above is a magnetic
recording medium in which, in the magnetic recording medium described in (8), the
oxide is selected from Si0;, Al;0s, Cr,03, CoO, and TayOs.

(10) A tenth invention for solving the problems described above is a magnetic

recording medium in which, in the magnetic recording medium described in (1), the
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directly above, a second undercoat film a

per pendi cul ar magnetic recording filmin which the
we@amy/oemgset i zation axis i s general ly ori ent edPCT/JP2004/000205

perpendi cul ar to the substrate, 15 and a protective

filmare fornmed in sequence on a non-magnetic

substrate, the first. wundercoat filmconsists of Pt,
secBul] underenat filinds ahgrandanginictee cansidtimgsif Roner ainBualloy, and an

them and the second undercoat filmthat consists of
oxiggy or an Ru alloy. (14) A fourteenth invention for

7 cad e A SRR e B iR e gratiels BRAREH pove is o
mag;?eféf&%ﬁ 0, cAnBEREHL! Whick Ot a%ggh@tﬁc fe%@:%\%gaﬂl@dl‘ﬂﬁﬂ E@s%nbed in

°s maghetic recor |ng medi um erein

(1097&%6&166 iy RERtdi fitth SB0, WN@Y; OYI0IESoONardl TH0s.magnet i ¢
Substrate at |east a soft magneti c undercoat film a
firstli2unalemetidt ifvdntionhfor sodving ohs prokleorsi descabédbraboye is a
the film directly above, a second undercoat fjlm_ and

maanq@@rrs@qfém@unachuma@n\éhmb inghe maAgRetiG quﬁaidmg mﬁﬂliueh degggibed in

y zatlon .axi s ner al |
(pBRpsreitat e TheenE ptie dHRC O & ¢ FPLGH, hsreip af Teast
one{ of 105 %ISOStﬁOOfo‘lpbg, AR TaRhs A0 a@tllelélq Eﬁﬁ{t alf al @Sérﬁtalloy
east “oné ther&o and the secon er coat

CONS(13} A hirtBentBI indéxdionufcil 0dying (tﬁég)rd’olémﬁ tcﬁ@dﬁﬁ&d above is a

|nvent|on for solving the probl ens scri bed above is
maaufaqiugngtmcthoé dor di nygnetili mmommgumlwvgnom a/hlch at least a soft

non- netic _substrate at |east a soft

maaaafd@r srcont film, ayHrsy HH%ﬁIEQ?étfﬂ‘FH thag qqalgplsctéﬁpflaméﬂ?rh gf the film

h 2
o W YOI Bt g i
Wh%ﬁi(mﬁ ea@r REFREDHi S hAL ﬁ@&i@ﬁ{llycorie%@éﬂrﬁgrﬁ%didulldptb Bhe substrate,

t'he éasy magnetization axis is generally
and & i ofcetived lpedieiforhal it sequbrcesoib St ni@i-mageatid substrate, the first:
protective film in which the undercoat filmconsists
undgficoah filih| copsisty af Atnkd,uden alloy thatseonmrises pigleast @ine gimong them,

[ | t | t Pd d 16) A
an ﬂ&gﬁﬁﬁvWnﬁ%géﬂ&qgﬁ3gdpn§g% fﬁ@‘gﬁgIﬁﬁ% éns descri bed
b
00U G TS B R oA i

magﬁéifceread/%té aHﬁdﬁFﬁﬁﬂhné hlﬂsagnén@%éafdl melive] 8&d £magnetic
han 1 at% and equal to or |less than 40 at% (17) A

hesglettantreaist ind mréed ideta dorthisomagugict teeoplingd resdium, wherein the
descri bed above is a 10 magnetic recordi ng nediumin
maghfitich recprling enerigie Pioyides cot @i n@n m@an@m gésniepalylqagt a soft

magpets bt il S Spamoudle BioTuols BeohpRdliSof o fim
dlréaétlg’bqb()%g )a CF%EC id 5?&1’3{ Rirh na\ﬁ%rht ﬂe?ﬁ]enfd?crulzﬁ‘ %é@n@t@c f&@rdlng film in

above”’
which the easy magnetization axis is generally oriented perpendicular to the substrate,

the first undercoat film consists of Pt, Pd, or an alloy that comprises at least one thereof,
and the second undercoat film consists of Ru or and Ru alloy.

(15) A fifteenth invention for solving the problems described above is a
magnetic recording medium providing on a non-magnetic substrate at least a soft

magnetic undercoat film, an undercoat film that controls the orientation and the crystal
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magneti c recording mediumin which, in the magnetic
recordi ng nedi um described in 15 (15), the thickness
wo@boolhetowder coat filmis equal to or greater PCHIP204000205
nmand equal to or less than 15 nm (19) A nineteenth
invention for solving the probl ens described above is
a magnetic recording nediumin which, in the nagnetic
dianetwordithe filmdlitestly eb@vq, @ettrpamdm@w)magmtw mcerdmgi ilidmein which
filmthat includes, at ﬁst one of Ru ang
t ep?aévl%@ae%@tmams lﬁcgeflﬁfé U Raeried permendicr Ehdo tlrtesubstrate and a

icula net n m
e an Y RbisharoRrd:Sso LBt ehEth ot § alfetheligluges pdgest P
medi umin which, in the
anﬁggﬁg?ﬁgofecgﬂgﬁﬁggﬁg%%ﬁgpgggg%|bed in (15), a seed
fi | misyvAngxt@entB By ehusfost Jolkghsl rtBe Probledi CdeReribedt Move is a
structure is provided between the undercoat film and
matghelcpecprelmg meliam magheshj n ﬁleamgmlehg r«fqolrdmg m'fbd(tﬂll)dest;nbed in
twenty-first invention for solving pr.obl e
(106t G e Bhhe undergoatfHgnis efeal f@ ebgr&aﬁgﬂﬁe di aﬁ% and equal to or
les%ll’o the magneti ¢ recordi ng medi um described in
& under coat film consists of any anong a Pt-C
al | %{’17&% sEGenteedtt %enr%n Bir- sgl@hé QB(e lprd%tlerﬁ’;o dgéc?llbla@%bove is a
oy, Pd-C al
ma@hétﬂyrecadn@m@dﬁhi ﬁywhldhr 1rﬁthE’dn£g”rreﬁc aédoﬁddng ‘ﬂﬁdlum described in
2004/ 064048 PCT/ JP2004/ 000205 8 (22) A twenty-second
(13)nthe k1 ¢amtent of theoindeuegattfim is eqill dorer griester iond aihoand eiqal to or
netic recording nediumin which, in the nmagnetic
lesp g@g%g G- medi um described in (15), the aver age
di angt stal
equa 85 s @hﬁe%gﬂ%t feﬁ:v%{hrﬁ(yn hg S%l\;lﬁg ttf'?e B (F)(iiff‘ é:gggclnfbeéi %6&6 is a
magh&it fdofMg Rediudsin Ghichent ﬂ!lEtIHé% @tld: RMBRdih V\% Pnddfim descrlbed in
sol vi ng the probl ens descri bed ove in ich, in the
(15ypuhe ehicknase ob thati viglervedi filn desonl foed grentdrithin Oﬁhfm and equal to
E@;pendlcular magnetic recording filmconsists of a
or leag @ap &P nphat i ncl udes at | east Co and Pt, and having

tjve nucleatlonfleld e to or ter .
hante) A St Steplios (it Rolvirrotie; Siblats dSroPid 2 is o
S50 R SRR I e 1 DB P ks in
(13yB80 Bitdrnedla@s Al ithd iAdlhd8s @ MsvsBbite Of Ra aHBIE isqdrovided between
wherein at | east one of Si 02, A1203, Zr02, Cr203, and

theTtmﬂefcoatrfdnaﬂdietﬁe papandioiar mhgrw]lcwccoadlﬁgﬁhﬁt alloy are
added. (25) Atwenty-fifth invention for solving the

pr ob(?é)BrBAd@’@@??tbe‘é}"ﬁfﬁtﬂﬁequsSO&Vm&rdh%ﬂ%@tlemﬁ rf&sssﬁétq#oabove is a

ma§{1eétbc regg ?negt rln%dlru%lc Pnr\gv 1 t%e %g%% 12 réc’ctorcp gg medlur}n described in

(15), a seed film having an amorphous structure or a microcrystal structure is provided
between the undercoat film and the perpendicular magnetic recording film.

(21) A twenty-first invention for solving the problems described above is a
magnetic recording medium in which, in the magnetic recording medium described in
(15), the undercoat film consists of any among a Pt-C alloy, Pt-Fe-C alloy, Pt-Ni-C alloy,
Pt-Co-C alloy, Pt-Cr-C alloy, Pd-C alloy, Pd-Fe-C alloy, Pd-Ni-C alloy, Pd-Co-C alloy,
or a Pd-Cr-C alloy.



10

15

20

25

15 formng in sequence on a non-magnetic substrate at
| east a soft magnetic undercoat film an undercoat
WO doa0e4038 controls the orientation and the crBGL/at2004/000205
dianmeter of the film directLy above, a perpendi cul ar
magnetic recording filmin ich the easy
magnetization axis is generally oriented
per pé#Ai 4 tiventysecond énwanbion for snlviagdhepigblsmscddsombedi dhoye is a
and.t he ndercoat . fil m consi sts of. an alloy includin
magfeli¢ HEPrdRE Hiediies gt Whtkhafl @v PAgIl TR HPE megiye degeribed in

(15d 1] gv%f\%e( alﬁc%ne'%r oE Y ya%%) ¢ eystzlgg] & %é an efrgéat qulmv ksng]ual to or

Scri be nanu
grez?érn% 3 8 & qBANSbE ﬁ:smemﬁhﬁg medi um in whi Ch in
t he manufacturing nethod for the magnetic recordlng
medi 28)dastvenbethirdningeijon fdresolifle rtho potfléthendescribed above in
formed at a tenperature between 150-400C. 25 (27) A
whighe in thesasanstin réqouding insdivirodessobed ng(16) éhéppcﬁpd:reimlar magnetic

descri ed above | gnetic read/wite apparatu
fe“t”ﬁ‘i{lg %&/F%éﬁ%ofraglﬁ%t?@ that grcindsy ahdepstifoatd Bt and having a

ne%gg,%g}gl Gafiss Helgqeﬁn)feﬁ}lﬁﬁoand eﬁ%hea?d nformation on a

Fearecor hé magnetic head is
a si ) eARQlleﬁtyht%ﬁlqh ih & HBRGOE b6 inpCHE HbMEmSBREHed above in
prOV|des on a” non-nmagnetic substrate at | east a soft
whielg ire tHeanagid e caatdifig hylivandesoclbed matl 5§, ithpdrpaididMar magnetic
2004/ 064048 PCT/ JP2004/ 000205 9 controls the
recoFding fidmi eonsigis P aHpateriglsvhgreigi aideaseenaoe!l 816k, Ald0n ZrO,, Cry0;,

o o %ﬁf’ 316 p e B e T AUPRAEIEL | ¢ gener al | y
ort eg%ﬁl ve rﬁif'tﬁ: &ﬂa’%ﬁh«grp f(§1h§)1§lﬁgsdl§ ?) @Ulelﬂpge&ntbed aPove is a

pr ot ﬁ] an under co n1 consi s

maARfaturg ﬁl@ﬁibdl ﬂ@@'auﬁiﬁ nétc 1e@8&fin (g)i'ne@ﬂﬂn Cofidistidy 8f kiR steps of
t hat i ncl udes at Ieas Pd 5 and C. Bel ow, the

fomeggfn soqumloaat nomAnfgretid substdatebe laaspd mfnmdgneﬁs u&hmmt film,
in Fig in the history curve (IH curve)

on cletcRa five thatnmtr@&:theowmﬁattqﬁleart%ﬂt}eﬁltystai dtaweetqmﬁqthe film
th t

B B Rex e e o g e P 10 bR el Fgpetizaton

axits I]g §1'ierr§1 a;GBheAtéJ‘ Eer‘ﬂ@tﬂﬁ&ﬂg‘r thGnk B s%%}eu raﬁ? 3{} te((tlv|_el Sllm and the

etIZ tion e negatl ve nuc atlén

un@fﬁc@a}t piiescrdiskyoftdheallof iftladieg #Oteakt PMidd€ of-aXdl®y including at
(Maxis) to the point b. Note that the negative

leastkd gat Con field (-Hn) has a positive value when the
poi nt is in the region where the external magnetic

fiel @qgsAﬁ@@wr%h (IP@PEIPH tier pplging2the pr%man% 8ﬁ§Fé¥b§%I390Ve is a
man atsacﬁlrltnﬁggéth Vag ? \r{igll L V\Pg recé ecff %mfe:c’l‘ ulm dln \ghlﬁ@ he Vréxalgufa&urmg
metBRl & the ddddhetidkecording medium described in (25), the undercoat film is
formed at a temperature between 150-400°C. |

(27) A twenty-seventh invention for solving the problems described above is a
magnetic read/write apparatus that provides a magnetic recording medium and a
magnetic head that reads and writes iﬁformation on a magnetic recording film, wherein

the magnetic head is a single pole head, the magnetic recording medium provides on a

non-magnetic substrate at least a soft maignetic undercoat film, an undercoat film that
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The negative nucleation field (-Hn) can be neasured by

using a vibrating sanple magnetoneter or a Kerr
w@tdogossoneasuri ng apparatus. Note that 1 Oe = PCT/JP2004/000205

approximately 79A/m In additjion, the thickness of

each of the filnms can be found by observing the 20

medi um crass-section using, for exanple,r a TEM

copirelantwi EFHALQN cedr Bis fstabsdiameter ofpfhcefilme diterthy jabave, a

drawi.n

peficalicRt BREneiseanoing: fotin ohes teh%ﬂa’éﬁ?f‘ém?@gm iggnerally
or ﬁﬁ#{!}‘rﬁgndgﬁﬂﬁr Rb QE QbR qhd %ﬂ%ro%%tlgé ﬁlm arlldS tf undercoat film
SC

I agr am or expf al t he
cofi¢i§th @@kh AMof lﬂait dnclbddsin leaE! Bt andl C&)r@nsaqﬂ@sv nﬁétllﬁclda&% a8t Pd
for explaining the negative nucleation fiel (-Hn).
anthNQ. 2004/ 064048 PCT/ JP2004/ 000205 10 Fi g. 4 is a
cross-sectional draw ng show ngl a second enbodi nent of

t he B?&g%éh«? regatiropeleafiondigidimilbpe @malmdesent _
a PPre BB Fiene o T SRy fabiecMRaaBl el HySheB irores the
1nt9{'se£tnﬁ1 Bf ﬁl%eﬁhgérgr ‘?Qflé gGmﬁ% \')&:Jh(gre tﬁ? 'ﬁa@ﬁtlza%n ecomes O in the

Cross-sectliona awm n oW ng a | men
préddss WKBGE tHeCextQa I @b Nt tiOEHId® Bécrédied RA@ HRN§traight line denotes
invention. Fig. 7 is a graph show ng the relationship
thdretwretion Qaguatizetion, ithre ndgetivemielaiat fiefd (-Hnpcwh Gerexpressed by the
read/ wite properties. 8 is a cross-sectional
lstﬂ?%(??gﬁ%fﬁéﬁﬁ Yoxis (M-pxip) f@%b%ﬂ‘i’lﬁhl?rt of the magnet ic 10
f the

enenaid Sl dPk e HERRGS SR GG ik et vilpe Fuin the

. polR®Eih Ghe F %é&QhQQ%fﬁi tgﬁg’ué REldRS ‘ﬁ%%i?fvg (refer to Fig. 2),

i nventi on. 1 g. is a schemati c structur

ané bowveng1 g hax ﬁE@tl@e ohlua whegnigd peint hizdd thagioa |v¢'Hé‘1°é tlh%%xternal
of the nmagnetic read/wite apparatus shown in Fig. 9.

mapBeBeieldNppesitivr (refer toyiigP)out the I nvention Fig. 1

sho a first enhodj ment, of _the magnetic recordin
R drespihe ngzﬁﬁm fl?lﬁvéﬁfl) SAR b%h@eh%s@wew Qising a vibrating

sa&ﬁl%%éﬂn@%n’i“?&' PP FeSs Rl ApfERnRD 2
Note that 1 Oe = approximately 79A/m. |
In addition, the thickness of each of the films can be found by observing the

medium cross-section using, for-example, a TEM (transmission electron microscope).

Brief Description of Drawings

Fig. 1 is a cross-sectional drawing showing a first embodiment of the magnetic
recording medium of the present invention.

Fig. 2 is a schematic diagram for explaining the negative nucleation field
(-Hn).

Fig. 3 is a schematic diagram for explaining the negative nucleation field

(-Hn).
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non- magneti c substrate 1 a soft magnetic undercoat
film2, two undercoat filnms 3 and 4 20 that control
W b@4oed0e1t at i on of the filmdirectly above, aPCT/JP2004/000205
per pendi cul ar magnetic recomdi ng filmb5 whose easy
magneti zation axis is generally oriented perpendicul ar
to the substrate, a protective film®6, and a )
| ubr iFé&t 4 g & icrass-pectiopelc Aravdng |showingi 8 seaeteembodiment of the
recqrdi ng,.medi ymis_ structured formng in sequence
magRetc FF&H?%WS#HUEI %UE%P?G%‘?TE e én'soft magneti c
underg - fi ' . 3 ' .
o o 5 pigeSt e[ G0 HeOyinn B bibodRANTH e magnetic
redR@AE $RRfiurh bf RepresehEinP@ftipandi cul ar magnetic recording
filmb5, the protective film®6, and the |ubricating
f il mFig. 6 AsnetcadssSediiinhhideavriog sshotving) aofouathneindbdiment of the

material such as al um numor an WO 2004/ 064048
mapnTig RZOBUIDDOdNE oftthe pregest mMentiPl.oy can be used as
t he non-pagnetic substrate 1, aor., a non- netic,
subst .l%tﬂlascao%réplgtSﬁwglnsﬁﬁ‘%ﬁ%%tWélﬁlgP%@W%@%P%Fﬂ%ﬁéﬁe jadercoat
.l ' i l,Licon, silicon carbide, or carbon
fﬂ%aa%lﬁz %gegg@&%ggﬁo.spe%g'anm phous gl ass or a crystallized
gl asFig ViR rassQdctishal Mawid wahiP$ EiftBletabodnéht of the magnetic
gener al - purpose soda-line glass or alumnosilicate
re@irding naiuh ef thequesast inhentioanmor phous gl ass, and a

l'ithi umbased crystallized glass can be used as the )

crystig.19 iserischgmatie structuiah deavdpg Blentying a0iBgmple af Hgi magnetic

C nent, for. exanpl a gener al - purpose al um num
reaéﬁ\?g ,aPQF{?HiSrﬂEﬁ’?WTE? ng@,"e@?‘?q'con nitride, or the

fibe ' . . t :

o Sl TS SAER0G G WORAEE 90 B ] e
heéd tRaMISH aéasfahé HAghIRSSad AR ri@apparah® sBbwh s Fig. bhan 2

nm (20A), and preferably equal to or less than 1 nm

which is desirable in terms of the application to

hi gh density recording because it is possible decrease

the flyin hei ght of the magnetic head during reading
BeﬁhMO\ﬂF¥ riﬂ%d’?yl%g“tﬁgﬁfnﬁ‘ﬁ@%i c substrate 1 has a nminute

wavi ness (Wa) equal to or less than 15 0.3 nm (nore '

pref 5 ab] ¥powdUatist @mBbdin®R® of MR nfhefetid Weordilt Giedigin of the

desirable 1n terns of the application to high density
présesiofiskicAgoineC aUs emundie RBAlIM GnédiudlecH@as thetd1@rovides on a

flying height of the magnetic head during readi ng and
nowmagnadc substraigdi 2 bafhmagnet|camsterconiefilandrty ot unslersoanfilersediand 4

edge portion, and, the_ side _portio f the chanfer .
thaﬁogqqtr@g tﬁ?ﬁs‘)f’aenF?é]QH Qfyy thea diliny E}H@‘HP}’e§ OV aIPCERSIgiCuag Jragnetic

PGSR BRoPRLEIA° e B BBk SF e

the substrate, a protective film 6, and a lubricating film 7.

Specifically, this magnetic recording medium is structured by forming in
sequence on a non-magnetic substrate 1 the soft magnetic undercoat film 2 that consists
of soft magnetic material, the first undercoat film 3, the second undercoat film 4, the
perpendicular magnetic recording film 5, the protective film 6, and the lubricating film
7.

A metal substrate consisting of a metal material such as aluminum or an
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stability of the magnetic head. The wavi ness (Wa) can

be neasured as the nean surface roughness in a
wore@gedomg) range of 80m usi ng, for exanple, a BCF/IR20€H/000205

roughness neasuring apparatus P-12 (KLA-Tencor Co.).

25 The soft magnetic undercéht film2 is provided in

order to increase the perpendicular direction
aluGERIAOREBY @h bdaised g ethe Cndd-wygggicesubkieate f T,0on tahgon-magnetic

magnetic head and in order to establish the direction.
substfat¢ lwensistigeof mohimptallit miterigesysbrasi glassarceramignaiipen, silicon

recording filmb5, on which the data is recorded, nore
Cafl?lﬂ?arﬂfﬁalibﬁntcﬁ‘éalsﬁéigB%"rﬁjdi cular direction. This action

becopes nor.e significant .i r.ticul ar
D00 DTSRRI h5b & A it Deral 81 "4 e WRE B hq By substrate
S e [
A PcBEMITNb Modh SRS WIRG b dSRROSHCME WTRIRE e jused, as the
amGiPRGisSEgssOhnda $i@hilimPBEBE Ciystaliled gl cambd used aatherdrystallized
that includes Fe, Ni, or Co can be used for this : :
glassat v sinteredThualyf ldvingvah g neaie cBaapingsfopfexampls, pgeperplgpurpose
FeCo al |l oys_ (FeCo, FeCoB,_and .5 the |i k% Fi lyi
alusinugy x{dee glumipaRg gETdgeRifiegn nitgfs Pr theglipsraremiqrggd products

Fedl all FeAl. FeAlSi. FeAlSiCr, FeA SiTiRuy,
therﬁgﬁlcﬁ? hﬁ gyet%hag ths %%5“}“%@‘@”&?1 gys I( FeCr, Srear T h

FeCr d Jn
g Tle R BRtc o R RlcBl Suflce Iouleiats iRl fbr less

thaR Iy ©205e Zid\prfitablfeqhilke oy 1dse thanl 1 myswhichNs dbdiapk, in terms
FeSi alloys, FeP alloys, FeNb alloys, FeHf alloys, )

of thachpph@ition]toyhigh dowity| leegrdingCespauge| ib s possblegrgrease | thy flying
.(CoNi , CoNi B, CoN,P._and the |ike)., and FeCoN all oys

heightotiig magnsighes! duingogRIIBE ARYWFHESY j ke). In addition,

a eri al ' { '
ot Tt BRI HaRe ) W o AR oA EICRE ARl Bt 5o than
0.31€ (thbleSprafRehtl ) &lquilne VrRsah&50.88 nat), GRichak YeQifable in terms of
greater, or a granular structure in which fine crystal
the ppplicatioasto drigh desgilgr seckding becad® itrag possible o dediaseche flying
to those cited above, it is also possible to use as
heighteof ithet mpgngtichepd dyrdng wading aag Weing. undercoat film2 a

Co al l ay. 1 hat .incorporate at. 80 at% or. greater.and .
 moanottas e ShEEmBHe s il sl Bliof PR Briion
) ti Qra thih durf s eBhA1 Y or $REHMA 10 nm (more
of t??lcg%@fe&g@r ﬁog{%gl Iaoy, Coir%rs mgnlgﬁgy, e%oZr D al | oy or the(:
prefQably KeyueR b be 1&Yithabbys usedwhihtibipsefeRibey interms offke. flying
coercive force He of the soft magnetic undercoat film
stal@ilitysofphe fmagadiicyheadual
The waviness (Wa) can be measured as the mean surface roughness in a
measuring range of 80um using, for example, a surface roughness measuring apparatus
P-12 (KLA-Tencor Co.).
The soft magnetic undercoat film 2 is provided in order to increase the
perpendicular direction component of the magnetic flux genérated from the magnetic
head and in order to establish the direction of the magnetic flux of the perpendicular

magnetic recording film 5, on which the data is recorded, more firmly in the

perpendicular direction.  This action becomes more significant in particular when a
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to or less than 100 OGe (and nore preferably equal to
or less than 20 OGe). The coercive force He exceedi ng
w0 b@4above range i s not preferabl e because t hePCH@FA04/000205
magneti c properties becone igsuffi cient and the read
back waveformis not what i 25 terned a rectangul ar
wave, but becones a distorted waveform The saturated
singrqrode headffpuperpendsdulay rording tiesed o therraggretic cead/write head.
undercoat film2 is preferably e ? or greater

[t
t han The 89ft magpeigndeEabiilm 26@8%@502 agioligpagiietr magpial, and a

T The all.i n el ow t hi e_ls .not \

m%?%‘} g’laéﬁ%u%%%gﬁlﬁlem?ﬁg C?l}sl\é\lédu g?ﬁ{@é%\%g?tglﬁ% is not what

ist : ; eles ' §

wavet o oI Bl PR At Ny Rl A e RIo9s SR TEREB, and
thePlil@YUEINI Qflo§@e St ReNIVRY FENYDE FeNiJilatd titehisd)f FeAsalisl (FeAl,

the thickness t of the soft magnetic undercoat film
FelSiBFeAlSiCr,s FphAlSiERab|KeAdQuand tthe dikelyr Befrenlloysa(FedB;T FeCrTi,

nor e fir ef er abl to or qu eat er than

) | n 60
Fe{i{%q (alT‘l‘w éhep fibkedy FeTpalloys heitp; FeTabe | BsiaN: fdsthe Jikse FeMg alloys

el B B BROS PR BT SR A N SRR e e C B, PN B35, resi
allé}@%’ ﬁglg@ﬁ)gsl, ﬂfeﬂﬁeﬂ%ggsﬁe}ﬁeﬁﬁgg,ojﬁt}%}g S4st ebBNloys, CoP alloys,

ating t’hods and the 11 ke cah be uséd as
CoNhallb ey (GuNipCoNIB [P ahd thdiledf dndrfegiodli iallo ys@e CoNg tFeCoNiP,
film2. The soft magnetic undercoat film 2 can be have
FeGoNgs andthehikehat the material that forns it is
tiall | et el idized at th
D0 s bt S Tt § e 85l S

i fi-galhiM, i h ' f . '
co LGP L 000 R B SR o o

at%B or igkeatdt, HOP giahBr bhddurehs .vﬂﬁél?fihélcr}lsfh@?)alftﬁle@&ré BRpersed in a
sof t” magneti ¢ undercoat film2 is l'ocally oxidized or

matitat this regi on consists of an oxide of this
material. 15 The undercoat film 3 controls the i
or i eht addiden trfboserajisd abovs, drigelsp pessiblpdo yescasrifie material for the

sofh Brgaridh LHEIOhRhech €0 FUROITAT ORI €0 SribHiapegeater and
inc‘bﬂﬁ)tratkss Tltlti&Eg ohdlof 1H§tefs%1r651.ted YRde 7f Y, Th! él.ﬂi\/ﬁ% bSthEike.Pd:
or an alloy including at [east ’oné thereof.

SpeciAf Csad didvy, Coz:NBalloy, EbZatal acpm%t C6lz:@rla0¥y, @sZrBiPdloy or the
~alloy 20 can be used. By using , Pd, or an alloy
like narl Drdsuigbhtuske asthisometetiler eof in the first undercoat

film3, the orientation of the second undercoat film4
and The CREFiye herce Hicpf tlpﬁaﬁ)fﬁ@{np&netlc undercoat film 2 is preferably equal

to or less than 100 Oe (and more preferably equal to or less than 20 Oe).

The coercive force He exceeding the above range is not preferable because the
soft magnetic properties become insufficient and the read back waveform is not what is
termed a rectangular wave, but becomes a distorted waveform.

The saturated magnetic flux density Bs of the soft magnetic undercoat film 2 is
preferably equal to or greater than 0.6T (more preferably, equal to or greater than 1T).
The Bs falling below this range is not preferable because the read back waveform is not

what is termed a rectangular wave, but becomes a distorted waveform.
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recording filmb5 provided on the first undercoat film
3 can be nmade advant ageous. Wth the object of making
WO bw4/064p38 al particles of the first undercoat PCT/aR2804/000205
25 mcrocrystalline, in the first undercoat film3 it
Is preferable to use a Pt a1$oy in which the Pt has
anot her el enent added or a Pd alloy in which the Pd
has Hreqirbéduct of thematuratedichegnetis, fi@, deBsitySBs and thecthickhesgp of the
Ta, W Pr, Nd, Smand the like are preferable additive
softemagratic gndencostofilny BoBe 48 iPETEisRbbLAUEbtRosEreater Mg YT - nm

oL S5 D LTSS B i
thisSFa%%Q d upg rgﬁgatblg 'bka%u e gﬂg rEﬂﬁ bR& %nggﬁﬁl Bdcomes a distorted
MHG ing Tifm5 ¢ e

fetc recor _ an nmade advantageous. In

warRdtint, 1288 thd OW Srop&%ies RverwGtepscpedtiespliétoporart er i al

having the additional 5 elements given above in an )

al | cSputtering imetlodsgslatitig aathoRs afdPthedikel dapyk .used ag the formation

particul ar preferable that the first undercoat film3
method of Sresobfmagagtianastegeaat fip 2 al | oy, Pt- Fe-C al | oy,

Pt-Ni.-C all oy, Pt-Co-C all oy, -Gr-Ccallo Pd- .

211 opic sobymptiesagindgiyon BatoR e g gy st el gy materta

s 21 AWty 06 Bbs | f¥ed TNfhet NrskDqaR Qlrtdcbeon th

thaf?orrgs llqj;nlgedrag%aalllty §I| Férﬁn gﬁliegy ngX lcle %er agl y eeqlﬁal te(o or ' n e
undt&@at Afm BRAW). 10 0.5 nm and equal to or less than 10

nm (in particular, 1 - 7 nm. \Wen the thickness of

t he $peciftcallyyde theomgiohidf mBedeterwiinddi deptthfremthegisface l9é the soft

per pendi cul ar orientation of the '

: ; ; er pend ) cul ar .
maggggiceindercpiciin Fnil 11: ppspitde that 5131 wleiip f,ipg, g heseft pagnetic
t t tk i 1 , _ _
ondghERTE LR SR TRIBH SRR 8, 1° pivet o

mafefid be decreased. Thereby, there is no decrease in the
resolution of the read signal and 15 thus it is
possThd endefroh O3 eohinels kieastientdtion apd opstat lesmetetoé the second
the thickness falls below this'range, the ] o
undeecab fith duiravidet disentlytabove ad the@erpsadigelatmegnaic recording film
magneti c recording filmb5 decreases, and the
5. read/wite properties and the thermal stability
deterjorate..ln Lt ' 1K
b hERRI DG I e R ph B 5591 K885 oy
incBiAshd heretl ShaMeSedtet WBEAtitNR, FRAWCHITG ANeadP @AY, be PtPd alloy
soft” magnetic undercoat film 2 during reading and
canbd tsedg becones | arge. As a consequence, the
resolution of the read back siqnal and the read, back
out pBy udisgPsaRb or Thallpy inpludingiarleash ong theprol ipherliptapidgreoat
he

filrL1 %? t}?e I)r?gnt.%}ornugft the Secon eandtercoa’(f hfn‘? t4 and the perpendicular magnetic
recording film 5 provided on the first undercoat film 3 can be made advantageous.

With the object of making the crystal particles of the first undercoat film 3
microcrystalline, in the first undercoat film 3 it is preferable to use a Pt alloy in which
the Pt has another element added or a Pd alloy in which the Pd has another element
added.

B, C, P, Si, Al, Cr, Co, Ta, W, Pr, Nd, Sm and the like are preferable additive

elements.
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undercoat film3 has a fcc structure, the orientation
of the second undercoat film4 25 provided directly
wabwvecamsl /or the perpendicul ar magnetic recoPdi/mpo04/000205
film5 is favorable, and it .is possible to neke the
crystal particles mecr ocrystléll line. The state of the
crystal can be confirmed, for exanple, by X-ray
di f f Adeanigothess, adding (G dpsdesissblon Byedtcprnerating C into the first
Crosgcop The fjr st dercoat film e a )
uné]%ra?ﬂ& Ifiiﬁn gt%ertyat@ﬁm&%% it ‘Weﬁan Pn‘ﬁ@tfc%ﬁg‘l B Wga the perpendicular
4 04/ 00, 5. 15 oxide. In addition,
ma%f'gté eg?}r%% tPgl%Tér g’\%ul?aéa(g %cﬁ’gf’tageéoug onsi sting of Pd and
an oy dQditioR! @[2 is %%e 6" 83 an Gifdy RlatetaP Favi@NiteCadditional
used as the oxid The average di aneter of the crystal
elepntd gV @sabole ilhﬁl illdysthatlindedcfsqatanﬂ iPAP@®di Bloypr ef er abl y
equal to or greater than 5 nmand equal to or |ess
t hanlItlig panticular figécrable thagéhe mswmmoet fiba g cpasipte whanjpymong a

P iy P ﬁgaﬂ%zyi’t% AR aHPsFbhodt alFoRHFr BUEbRAC aloy
PaBISCRSTFRNNE 5 SPSEI) BRYS. TS, S0P 6% BIAY 1 | ©

rst un uen e sur
pr of ithe 1Qéknetd\r tRETREA %H&%ﬁ fﬁlﬁi@ﬁ%éi‘érdbﬁﬁ &4l Rfort grlaam:r than
5 and the protective film®6, and thus in order to
0.5wak @ntl lbguat to fraless thanw 8@ uha(in pirdeulaf 1tenmipgndthen the thickness of
recordi ng nmedi um smal | and reduce 10 the_ nagnetic head
ther fiyst nipdrespefhfilog & i ayithim dhin ganged the ipeipspdicpler fosicalgtign of the

PeRERGIPRAT EOERRI R R IBIE ML ' RAFHeslaEih g ot SBF RO Asveen
thef’ ﬁléél?éﬂ% Q4IRS Sﬁl? &w&!mtrﬁ?? €5 ﬁuxtd?@ ?ea%lg%gﬁnd writing

surrace i1 rregu IES In gnetic'rec

cal'BélHetRe A8 bﬂldﬂ&ﬁﬁtlﬁzi’@k'nﬂ debl%asemﬁgﬂ@fdsﬁuﬁﬁﬁdf fHe)szﬁgmgnal and
hei ght during r eadi ng and witing can be nade

thusuf fipossbit tyinhroye theSealfdriteprepdrhies. r ecor di ng density
can be increased. Wien form ng the first undercoat

fi | mVghengdhe Hli{:lﬁ)@ssofngllé @plc)@sf thﬁsa;@pg@ the, ger@pg@iplgpr orientation of the

a Ies of .t he icul ar net i cardin
e BE Py et rorl o trsteeghe o et R lrgubRkelits & v
theP YOG iRty fRkdo ?ggn can be used as the fil mdevel opi ng

gas. For exarrp in the case that the first

undene gdditidd, Whes this tHicknrere e dsThiB Gardzes hetcr@tal pgrticles become
met hod, 20 preferabl y a gas that is a mxture

comenaidsthe diptamice bxtygen the meghetinhoadangothe soft magnbmmdgfcoat film
appr oxi msttelagl 0.05 to 10% (preferably, 0.1 ttl%
2 %@gﬂﬁ%&mg and, witipg ReeomEh BHEs: | Y 2 GPNSEAYTISEe eﬁ?%@@&lon “of the

rea(d g lga%nanaaheoreﬁgB?C%E(gﬁlgut%@&eggé' mately 0.01 to 20%

is used. The second
undengeat sl LhdBréoat SthPR PERYAN, A8 Ak&d irbdt@R. | WhdMethe first

crystal structure
undercoat film 3 has a fcc structure, the orientation of the second undercoat film 4
provided directly above and /or the perpendicular magnetic recording film 5 is favorable,
and it is possible to make the crystal particles microcrystalline. The state of the crystal
can be confirmed, for example, by X-ray diffraction or TEM (transmission electron

microscopy).

The first undercoat film 3 can have a granular structure consisting of Pt and an
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25 of the perpendicular magnetic recording film5 that
occur due to the difference in the crystal lattice
wG@rme/obwitveen the first undercoat film 3 and tPEr/JP2004/000205
per pendi cul ar magnetic recqrding film5 and for
decr easi ng the exchange cougﬁi ng of the magnetic
particles (crystal particles) of the perpendicul ar
oxideg niatddditiomg iircan hgvef 4 grandlar fmcone aonsitinglof B¢ and en oxide.
materials that can be used in the second undercoat

fi | n®i2, AeO200uPediader Fe)rpdeaseb 08 0Xifls. By using
Ru or, an Ru alloy. in e second undercpat.film4, it. .
s o Regiked glatieigs e R dagii o eBR st bRciont Fim 3 55
' t | C S| t h |.at
Py o e ] O R L g 8 Foross
diafiRHR| dafl Bel BuhDByRDBSRL Gl AYstaATHEAREdIeCofl B g MHerdvat film 3
filmb5, an Ru a?,l oy havi ng anot her el enent added to
usihh EERU(tamsipissfoaredduitnpn wsierbscapyl hed poeessing thandleserisdtimage.

film4. B, C, P, Ta, W M and the |ike are preferable,

addi The/aurgace peafile of hredpaiungeseoptfdlm 3 intlusaces thy surfpge profile of

second. updercoat film.4 |. ual, to or .greater an.
negEES RGeS SR PE 8P BLend BRgin orcer
to Iha%@ i Hace ‘[(}‘i’ 1ritfs oF nd Hfa%ﬁé?ﬁ%%c&ﬁin%ﬁﬁecﬁﬁﬁx%ﬂ and reduce

undercoat T1IIm7Z4 1s within this range, the effects of
thelizneE€ BOAl fyidg heipat diriddieddifaey emitinpgpréiesdtdy theQficansurface

the crystal structure of the perpendicular nmagnetic
rougbuess Marvg the first Bndemcbatl bm Sds equyl toher lessdhamyemeoupl i ng

of magnetic particles) is increased and the di i_lt ar&ce

than 2 nm, the

bet wBeFRUSh dhensAR SUEafRe A1 eRRRRS e 1S BAYRL AR JH detsc
ndercoat f.lm 2,during.readi ng. an i tj.hg e
surliR oo i e eSS b, L0 LERAAE gt the
btifyiRE ARRLE LESn M daBRYt andORFiRAS tADbE fide sufficiently low,
ma?gés%%ll%\{ai ofﬁyloé t%g readé,\/kk‘)ailcklé asi gnaill.@gc’V%en t hi g SuHctenty ow
and thiu€ Kieassorfilel denkie) amy Hehihaesdsedge, the effects of the
second undercoat film4 decrease and the read/wite
pr op¥hendermiiogdh¢ Grsamaderront At 3,ivoHh thatebject pbmaking the crystal
thj ckness greatly exceeds this r , _the crystal
partisles of fhespeBengiula gapEtiS Fepordiee DT micioreE i Bpedprocess gas
| et der coatg f.i
b IGTRORRIS ASALANTofIE AL TREEFRE AR ot
in RS elset thaniHef fitsh @ni&esatPRIeK 3Sisddahe B (e arspadedalaethod,
out put decrease. The thickness of the second undercoat
prefférhivhy 4 ganhdids a miatwe cotwdgting o€ egggentifixerhintp fapgon at a volume of
exanpl e, equal to or greater than 15 nm. 25 L
apepeintatelp 005 10N % éerstraatindet E0at) or pips thehés Hyigigre consisting

of %}trrougg}l l'}lrli%éd -1rrt1]t(e) a%égﬁc’ tai.a Ia volume of approximately 0.01 to 20% (preferably,

0.02 to 5%) is used.

The second undercoat film 4 is for preventing distortion in the crystal structure
of the perpendicular magnetic recording film 5 that occur due to the difference in the
crystal lattice size between the first undercoat film 3 and the perpendicular magnetic
recording film 5 and for decreasing the exchange coupling of the magnetic particles
(crystal particles) of the perpendicular magnetic recording film 5.

Ru or an Ru alloy are materials that can be used in the second undercoat film 4.
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structure can be confirmed by using, for exanple,
X-ray diffraction or transm ssion electron m croscopy

w@ Tp640The second undercoat film4 can have aPQr/arad400205
structure consisting of Ru d an oxide. Si02, A1203,
Cr203, CoO or Ta205 can be used as the oxide. WO
2004/ 064048 PCT/ JP2004/ 000205 17 Preferably, the
aver Bgelsmga?rwé andiu aley dr Yhet ecopshppdeseqad fdm 4.hi is possible to

. _Seco ercoat film4 is equal to or greater than 5
1PV S r@ WHIGRIOBFifSss t han 12 nm Thi s ‘aver age

dlan@&ﬁ{par?wgﬁz093G8Fﬁ&8éecon dg &ﬁﬁ%f&kQQ&tﬁﬁ second

crysta rcoat fi

- undteédd® AlEM Gha 3RS Bk&ahgNc C}ﬁﬁlgrlﬁ rlhe ?bﬁfeﬁéi@@ﬂy maRekic recording

processing the 5 observed image. The easy

filmregnatRiz alloyhavdng ancthert élempetr pkieditc thaRunmgineftiadly used in the
recording filmb5 is oriented generally in the

secgnd woddéreent figngendi cul ar to the substrate, and the

consPotstobt . 8T et e el it e ane
P PRy P bGesd be . BOSA ARy ¥R 210 ) bO¥rcater

thaﬁ @?trﬁﬁ 2@l eh_ré‘lt t(h@ls 1638 thzﬁﬁﬁ@ n‘i’fﬂ& flcﬁhl@jz 1 A3 208m).Zr Bhen the
and a205 added to the Pt alloy or the

thlam@ssvéf ik Isegond | umdpreot fHimh ris withéd eriinge AhCeGieds oblthosecond
or a material having an oxide such as Si02, A1203,

underemat i ér(Poycnidege glsmsn@lh dn hocpstal| fggiure of $hel perpsndicular
In the c hat does ng

mage ot STRE 8 0 ToTHTE S GRS ER GO By e e particles)

is %ﬂ:’l’ & Oanﬁr gr 8 FlEe tb'% eehd 11l ?{9 ?Héjuce quad L8 BF L Smagnetic

(pre erably, equa O or greater than 15

un@ér%a@!ﬂl@n@diﬁingtr@adiﬁg heP&ritin@Bar’le aa®@ smalld ThdrebyPlt is possible
content is equal to or greater than 14 at % and equal

to tnaprove Hessad/vaite rdpertivs withoef decadsising thejuesolutionmf the read back
_greater than 15 at% and equal to or less than 20 at%.
sighg- The Cr content falli ng bel ow this range i s not

pr ef gr.abl use range n
coupM s tglétq&&%ﬁ ﬁ&‘gﬁ E}&? fangFeseﬁgé‘étﬁé’s easreggmd undercoat
fmwha C&cfe@sé Uh the el%hk!l/(;v%né I Oﬁk@ué‘@ﬁ@t‘%ﬁb&t&' Ut ddition, when the
di amet er becom ng | arge he noi se increasing. In
thicld@kd igadutlyt Biecebds dontraide, ake apgitalg phdiicks r segmei soant and the
preferabl e because above this range the coercive
distapce detwrent the magnetic dfead laad rthe |5dﬁamagmg1neundz@pafoﬁlm M furing

dthe saturation neti za
n/gwgl WHENG WEIRRES: ?ﬁsrgg?, the pteg IOPaa(fr/E%&aﬁaaWIﬁﬂ?kand the

read% 0F ohSul@lrALEf er abl e because the effect of

The thickness of the second undercoat film 4 can be a value that exceeds 10 nm
(for example, equal to or greater than 15 nm).

Preferably, the second undercoat film 4 has a hcp structure. The crystal
structure can be confirmed by using, for example, X-ray diffraction or transmission
electron microscopy (TEM).

The second undercoat film 4 can have a granular structure consisting of Ru and

an oxide. Si0s, Al,03, Cr203, CoO, or Ta;0s can be used as the oxide.
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improving the read/ wite properties becones

insufficient, and at the sane tine, the ratio between
wo b@4poewisgiual magneti zati on (M) and the sat urBCT/ar2004/000205

magneti zation (Ms), that is,1 M /M, is reduced and

the thermal stability deteri drates. In additi on, the

Pt content WO 2004/ 064048 PCT/JP2004/ 000205 18

exc eBugfanaply,Hhe aveargselipmeignof the efystab phuticlse ohthsseend undercoat

noi se increases. In the case that a materi havi an
filg i ig 6qued de @F gesates Ehas > P mde%ﬂuaf' }9e0%; IG%Sa‘E‘a‘D% NGhd ‘0% geerage

SR AR S SRR s, P LD Al B cna

’ unfeﬂ%&%’t 5%195@ ;uts%g?'f‘ﬁﬁf (t&ﬂ@ﬂlisjsfonaél%/ét?d}ldnﬁ&kiﬁog?)) talgc[ glrr@o%§sing the

and'the Pt content 1s equ
ob@FRAtiMagd. han 13 at % and equal to or less than 20 at%
(rmore preferably, equal to or greater than 14 at % and
equalhd easgrmdgnetizatioaraxoofztheperpefiticulanmagnetic raentdingifdm 5 is
content falling below this range i s not preferﬁ\b e

I
origjdech eensTAbN Bihe HirectioRRsEPECuER dh ifgR et I gD BETReRHCular
ti L b - whi ch., I. 4
ma e ecsie RO EASRTY rois BF sl B AL fyeast Co and

large and the 10 noise increasing. In addition, the
total Cr and oxi de content exceeding this range is not

pr ef Bérad¥lample Giois pOsstblo Ve usds CoPrailly drieCoOdt allve flaraddition,
and the ratio of the residual nmagnetization (M) and
it it Ipeswlelt ue ase ermaterjalethitzbasi asrdegshone of KD2, iAl,OMZrls, Cefls, and

d d. The_ Pt [ 1] bel hi '
S5 DSOS LT, Lo e
by BRI PEEG T KL Bk B

SiORANES,! ZAS,! 8NCHLM; hd@idotheCsetriafiby @ruse@gnet i zat i on
(%6), that”is, the M/M, is reduced and the thernal
st abld theycadetileati 0 CatCeRt. allay thdtidodsomgt hidve dat oxideitadddd is used,
exceeding this range is not preferable because the
prefisplly, the &ir easiest is Raea te 9aereaten shangkd at rpdeagualiojasAess than 24

RS DT hbY 13D ST R on 22 9,
PG, A 408 bl 0 REpnEnal o B0 es a2 o

(profet A0, @ikl 6 6r SreaiBr thAAt 5 He% Rhd 2qudtied bn lessThen 20 at%).
per pendi cul ar nmagnetic recording filmb5 can have a

one- Thy €r content fallieg belompthisiange as GotCpeferatde decamse below this
the like, or may have a two or, nore_ | ayer structure_ .
rangg i PEIABECHFTUPERE PEtESRBMEHS Panisles hecqmescleriss /high in turn

t he.perpendi cul ar . magnetic,recording fi 5 .S . .
resplle P PRt gEn Y s lsul AR o6 PGPS e it BonS: imrspiipe. 1o
adM6R thder E@ﬁt&ﬂ@c@é&i@%th’i@&ﬂgé lsCndt ?Féfél%bl_%%ecidsk Bbéve this range

equal to or greater than 7 Am a sufficient nmagnetic
thef Edéxcieaforbe apdtidd 12€id, oft the residual magnetization (Mr) and the saturation
magnetization (Ms), that is, M1/Ms, are reduced.

The Pt content falling below this range is not preferable because the effect of
improving the read/write properties becomes insufficient, and at the same time, the ratio

between the residual magnetization (Mr) and the saturation magnetization (Ms), that is,

Mr/Ms, is reduced and the thermal stability deteriorates. In addition, the Pt content
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out put during read back does not decrease, and it is

possible to prevent the confirmation of the output
wawoneNetons from becom ng di fficult due to the nPCEHEP2004/000205

conmponent. Thereby, WD 2004/ 064048 PCT/ JP2004/ 000205

19 a magnetic read/wite ap& ratus that can be applied

to an increased recording density can be obtained. In
excaading tonrangh és ndhipeaferebls bocaush thepmigsdnercasebar magneti ¢

recording filmb5 is referably equ l.ess 't han

) al t I h
30 nhn theEasgdhatiamatgriglihayiogyan oids asided fooegﬁ{c}’ﬁﬁ%%%ﬂdt the total Cr

i.ncreasi ng _coar.senes f _the net, [ Cl '
oo g B EHaP o515 e S RREE R APl
22! ?%)Qﬂlogé)gx%? rgblg,h nal REor GRMeWMiHAL S 4P5tIPEAd b&R1 Wb b} less than 20
deferiorate du¥ to an increase in noi se. The coercive
at% P @ t1ef Pttdogtepeisneynel oW PretB@ GRS 118 at% @ad digig tb iok fess than 20
i's preferably equal to or greater than 3000 Ce. .The
at% (mowiprefefably; equpéingr greater thimaid 396 anddequad tonertlessiian 20 at%).
preferabl e because t he necessary 2%20|%tion far high
recok b rgfabiémsandy oxida rontenk falhpg dekew thisnfangp 1s not preferable
addition, . the thernmal  stabilif. et eriqrat
b BOGH piscipes s e g riovplids PENRERaS RS pARish becomes
1arSBIRAGEE 7248 eddYR)in the Blenkfe cMsfeMRliarRdted B&oming large and the
érpendi cul'ar nmagnetic recording film5 is prefera%l y
noiél itteakigOr In gldedre thet toaNCP afd oxide cdbtbitkexbedding thissange is not

than 0.9 is not preferabl e because the thermal 15 ‘
pregerale | iecgusdetber ¢ dhiatrenge theecasedjes ifaree mnd| tharitim of ith gpsidual

(-Hn) .of the perpendi cul ar nmagneti ¢ recordi film
magget B%M& %?dé%m%ﬂturﬁ%owaglf fidan (Mt FlSwﬂ@l\ﬁ%ﬁaﬁﬁeg@cd-

nucl eat i,on f.i el - ' j

e L B b b o S P 55Tt P AL B0l g st o
impidQirBMBE ALB/ viitd PRSRIticRbebdifesGhMFfiient@Ad hCthe Sar tifl@Ethe ratio

per pendi cul ar magnetic 20 recording film5 is

betpreed ercatabidusdqoadnetivation (e abd thetdatumatfonnme giredizattnna(Md) othat is,
or less than 12 nm The average di anmeter can_be found
thenir/dfss isrreilergdtand the themmal sighility detegorgfest hin addition, the Pt content

erpendi cul ar, magneti ¢ recording film5 using TEM
ex{eeBadi SDEG b RGBT PERI i BE dUnyIee R S Rocessi ng t he
ObS ef¥&d,MRGE- bR GxRELRE R UL AL TR IR irecti
: t t
r ecoﬁélﬁznglaplaﬁm E?g@%g?\eé?%rlaﬁl i/( ea uaFé to ‘1525“%1?9‘] ess frection
petpBAdictlarte- thé\kitdstiateP @idats B@title chercdie foRSHE(RRM Be Porpesdicular
preferabl e because the variation in the dianeter of
dirtdteonnmgnibe icoenovet foodeddc({Lg iy gheain-pama dis¢ation are seahathht Ho(P) >
the coercive force in the perpendicular direction of
HC(]h)_e per pendi cul ar magnetic recording filmb5 becones
?gggﬁ‘hg}psﬁ)%gditc&%{ %?z},/gnzletgc Ireséopd?EgS Ifitl)rlneS IP'HRVE ator}l%-layer structure
comprising a CoCrPt material or the like, or may have a two or more layer structure
comprising different components.
The thickness of the perpendicular magnetic recording film 5 is preferably 7 to
30 nm (more preferably, 10 to 25 nm). When the perpendicular magnetic recording
film 5 is equal to or greater than 7 nm, a sufficient magnetic flux can be obtained, the

output during read back does not decrease, and it is possible to prevent the confirmation

of the output waveform from becoming difficult due to the noise component. Thereby,
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The protective film®6 prevents the corrosion of the
per pendi cul ar magneti c WO 2004/ 064048
weFanAdER®04/ 000205 20 recording filmb5, and apCT/i2004/000205
same time prevents danage to t he nedi um surface when
the magnetic head contacts Phe medi um Thus, it is
possi bl e to use conventional well known materials
a nsignbtiasa@/wit @Pparatus Zhg Xan \Neappline te ln dhereassd g¢cordiag density
protectlve film6 is equal to or greater than 1 nm and
cwmbqahyane -0 or less than 7 nm the distance between the

glgls{ufdétg(pergqmt 18\[;1?&55 g)‘f%] gﬁrpg%&écglﬂe aF nmga geethc’sret%oroclh %‘f‘m 5 is
preﬁer?@l? g(mllyto %seﬁ{ahoﬁ)ahm%e‘e@l!lsje 1k'ikomréii?t1§‘d'sblﬁ e t%uﬁﬂgp?e%s the

ropoly fluorinated al coh fluori

1ncf‘e%§ﬁi§ '&§a1@énefs§1 6f thekRaghkfic pagidies Mn tHee dicob infi@nétid récording
. To manufacture the magnetic recording nedium it is -

fﬂnp Gsaidotheret 15 noseonaemethitatie rdd/ ivntevpropdrtiehwilh deteriengteeduecto an
substrate 1, soft magnetic undercoat film2, first
incrpmgeincsase. f| I m3, second undercoat film4, and

g :(rqg H‘?:I%&gg}eé B{ff;‘fq gf &ﬁéeé%%gg?ﬁlép %aﬁ%et@ rﬁcoar(glpg or%g;réf@rably
a'l lt(moﬁ e‘itefr Q#zﬂieﬁjo(g)y QeS pT'ltné 9 r&ge %rc%@ng"’l&q thi¥© 3000 Oe is not

ubrlc I ng orne di ppi ng or the I|ike.
preféiaﬁl@ EbdFRERE tieC nE@@ﬁrSﬂllﬁgﬂﬂ@dﬁ lﬂ@ﬂ bight hecopting afthsity cannot be
enbodi nent, the first 15 undercoat film 3 consists of
obtRined Rohd in mddition) thosheaﬁalaﬁablllefaﬂete@n@t%mong t hem and
the second undercoat film4 gon ts of Ru or
al | ofhe THig ebghe teiduabaENFizRon Mbé??{%@n dﬂ%S“FHéatmn (Ms),

thai 155 SS%}:B.F gerp% cg ﬁl%all’e rglglgl%éﬁ%g‘ %oqﬁﬂlﬁ.ﬁlrﬂ 5 192%%&5@1? eaﬁl to or
gret%ﬁ‘fm @gboﬁhmyMbeeﬁlE%mm DGs h@lclﬁéﬂ:lrdwe PEALsbmhe fthermal

20 present 1 nvention, and the nmagnetic recording
stabiigy dereshrams. her e prOV|des a seed film 8, which has
an anor phous structure or a mcrocrystalline
st r uTheimegatbiet wekaatiph dickbf4n) rﬁégth@tne@eaﬁlﬁélraé Fasnetiq FReprding
and the first undercoat film an_a
fﬂmrézmaﬁe#‘gauf/ QAL Gnatealt ded ﬁ%%ﬁ%%ﬁa pfféatign figld fHm)

belgg ’les%nl'gj no?ﬁl%‘fedgﬁgb %h?&&@‘?hé‘r&%ﬂ%t?@ﬁ@@de?éhorﬁ@s Zr,

vant ageous provi di ng

the Qﬁ@‘iwéﬂakmd@amét&eof kHeSErystar phtioRs dfi thepdrpeadichr magnetic
formed without being influenced by the crystalllnlty,

recordisg filmdi i pedferablyorqualiof aeeatrethan Hinnt drel gpiat to or less than 12
magneti c undercoat film2. It is particularly
nmpr efber ausraget Slamster cafalce fouad H’Bbpbﬁeﬁ‘émge@ﬁ CFY%% portiglgy of the

re S T S TR T L NPTt F ko BBscopy
and processing the observed image.

AHc/Hc of the perpendicular magnetic recording film 5 is preferably equal to
or less than 0.25. AHc/Hc being equal to or less than 0.25 is preferable because the
variation in the diameter of the magnetic particles (crystal particles) is small, the
coercive force in the perpendicular direction of the perpendicular magnetic recording
film 5 becomes uniform, and thereby it is possible improve the resolution.

The protective film 6 prevents the corrosion of the perpendicular magnetic
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WO 2004/ 064048 PCT/ JP2004/ 000205 21 equal to or |ess
than 100 Ce. By using this material for the seed film
W@ 2004064088 possi bl e to prevent the resol uti on PCDIR2004/000205
deteriorating due to the di ahance bet ween the nmagnetic
head and the soft magnetic“undercoat film2. Fig. 5
shows a third enbodi nent of the nagnetic recording
recoeliiig fiton b, anideat tie anestene prenows dawage ritle medivmguréace ovhen the
recor di ng medi um shown here provjdes ; i nternedi ate
magnqtie, beadoepaitacts Hy wediymeo Ghugy foly M)éﬁl@geew P$fe cQBEBHepal well
undercoat fiJlm t per pendi cul ar nmgnetic
knq\g&&agelrﬁ Sflflfﬁﬁé’.gim’?rsﬂ dvant ageous to use a CoCr
al | i -ecked of: ;
b, R Ee S o L e A Do Tpr {4 pyp and
equBY tP 0P Vésditheh ¥ hen, tht lidiitbe Hebryédnl e Inagrletit hefdasd eemedium
to prevent the crystallinity of the perpendicul ar
beavaga smiall, angatbusdis migsifablaein3efomsorh high recowiing dangityiue t o
the disorder in the crystallinity in the interface
bet wBisHeTelY sQERdONh e e o faleTigh gugthas perfluoropolyether,

' [ ' fil . Jhe.thick
oo BB RITE AL Dy R
| ‘:"S’S’Tc':i_3 H%%lﬁc%% tl&ﬁﬁ&éﬂ%ﬁ_@ rRediRE A¥dm & ﬁ%osEiB%jeQBtdsg #Snethod

t han en the thickness of the internedi ate
in Which tBe inén-widghttic sibsaateal)gest thipmett beddrcat filme2, first undercoat
_internmediate film9 (preventing the deterioration of
filmhk segud andérapatyfilod 4 rad prarpraditudarl megrebigneceiding film 5 are
recording film5) is, increased apd the distance.
forpietl i etrapse il SN Eingead theglikhdbe daf?te%vgenéﬁhﬁe is formed by
I fil ' j 4.1 ~he
spl!3EE SEEVR, apd B P G R Bl B bR GEARE
| pr gy esk Whidhed HEfHR3S il &fT 8R0pkkéMNeMbodilent, €@E first
back signal.” Fig. 6 shows a fourth enbodi nent of the
undemgnetfiln 3 eonsigs 0 PiePd, wn of alldyeof pir eagininei ameny them, and the
The magnetic recordi ng nmedi um shown here has a )
second uinderceati filmyhicoRsigls soff RuneigaetRe alieder Ebereby,i the, rpad/write
an undercoat, film 23 that .contrqgls e orientatio .
Prefie e dbs Shesma bR et Fdalci AR Bybhand write
hig'ﬁrhehm eisipdiate film24, a 25 perpendi cul ar magnetic
recording film5 in which the easy magnetization axis
IS P anhedsgeres] bmbo@EmRaNef el mfigetic rb®ridl Shiddadi® of the
a protective film®6, and a lubricating film7 are
prefart iectniion, saguibnorgosticarenadingaygedtinshswb diereaprovitles Theed film
non- magneti c substrate 1, soft magnetic undercoat film
8, y,hlcg;el}a'gmr@@]ph@us FHEHFHEE 08 arlggé(p(ayq{@lhpp strpagure, between the soft

BB B ML RS0 11 7 con pave

Using an alloy including at least one selected from among Fe, Co, and Ni, and
at least one selected from among Ta, Nb, Zr, Si, B, C, N, and O is advantageous.

By providing the seed film 8, the first undercoat film 3 can be formed without
being influenced by the crystallinity, crystal diameter, or surface state of the soft
magnetic undercoat film 2.

It is particularly preferable to use a material for the seed film 8 that has a

saturated magnetic flux density Bs equal to or greater than 0.3T and a coercive force He
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22 sane conposition as those in the first enbodi nent.
The undercoat film 23 controls the orientation and the
wa@eoogedo4gli anet er of ‘the internediate fil m 24PQT/aR206H®0205
directly above or the interpediate film24 and the
per pendi cul ar magnetic recording film5 provided
directly above. 5 The material used in the
equahteeombess thmel(w Om sz msngrﬁhlammlaﬂ Fastthe sped ddmss, atis pOSS1bIe to
| east Pt _ and i ng Cis got preferabl e

preyeridhe espybor fry@% ertera@ra%& dhe f@éﬁ% distance hetyigen thegmaghetic head
tal,. di th di I t
and B8 SR i ORI 2 o o et t ot al v Bocomgs
' af 9?1 %e%HoQ/steh?m E}nﬁsmﬁen%f tﬂk@lﬂagg&fcc%rdﬁﬁg mea?ﬁm of the

ereby the nolse I ncreases.” The undercoat

prd‘séﬂt Mg 3ntisty, t drdu kigy |rﬂagﬂ6ﬁé aeedilidngC ardived Sshotvnahyreap®viles an
a Pt-C aIon,PtFe alloy, Pt-Ni-C alloy, Pt-Co-C

interniedyate tilm & densiQing®fad Cor alltycbatwear thalseepnd dinidercodidilm 4 and
undercoat film 23 can_be_an_all oy that includes at

the) pegpandiophr gragnetic IPSOI]dngtfHEﬂ tase that Pd is used
Wi t h

h b |
RS KT ST UGB o amon
Pt r’i%gNBtZPFf ecer gh&‘@ 15'tﬁé‘in§erﬁ1'8&ifaté @nooown epitaxially

econes [arge’due to the influence of the undercoat

fi | mBgJrowaiigtthe irbynddie filnids et is possibisas prévent the ce@salinity
that an alloy that includes Pd and C is used, the

of thederprodicular magadic Roonding filoup émny dyfeadrating rh}e toothe idéspeder in

thegfcrsgga liyg g 4 %ngﬁq?%?"&dwegl e P06 4 and 1
peIIIQF #)}é(u 'blinygn%tl%? sglh%ﬁmtshe undercoat film23 is

equa rgreater than 1 at% and equal

t 0 Offhl B3&nkfladt tAOIALIRATTRY B1nP D ¢ SlcARiBly c§EHI of RsOthan 5 nm
greater than 5 at% and equal to or |ess than 30 at%.

(m3fe grefrably, eheaigo tohéess ehaat 3 om3.hi Phe thethicknbss «F tho ttemicdiate
_of the undercoat film23 and the read/wite )
filpr Y plervitles. thiss rangemthe aifEgtgof the tlﬁ@H@d@é?]tf@ﬁlt 9o¢prw¢§tmg the

undercoat L ilm Zé bei n ‘Less th % at % . .
delGPEREPR T hp RGN &1 dht JEIPBICHRE eSS drding film ) is
lIlC‘i‘Qd%e(T gﬁg h\éﬁthétgrfc% HRBEL §E mdgﬁetgclolé\éag-rﬁ% re g&?'ﬁf‘aﬁhetlc undercoat

excee I'S not desira ecause a

fihggl gy AhiRL Al Wil MRn2RDAIAEH) 4 8 hefebl, )R QOH HRR2MBperties
can be improved without decreasing the resolution of the read back signal.

Fig. 6 shows a fourth embodiment of the magnetic recording medium of the
present invention. The magnetic recording medium shown here has a structure in
which a soft magnetic undercoat film 2, an undercoat film 23 that controls the
orientation and the crystal diameter of the film directly above, an intermediate film 24, a
perpendicular magnetic recording film 5 in which the easy magnetization axis is
oriented generally perpendicular to the substrate, a protective film 6, and a lubricating
film 7 are formed in sequence on a non-magnetic substrate 1.

The non-magnetic substrate 1, soft magnetic undercoat film 2, perpendicular

magnetic recording film 5, protective film 6 and the lubricating film 7 can have the
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orientation occurs. As a result, the read/wite
properties and the nmagnetostatic properties
waledogoéount e. The t hi ckness of the undercoat fPCHIERB04/®0205
preferably equal to or grea;&r than 0.5 nm and equa
to or less than 15 nm (in p&‘“ticular, 1 to 10 nm.
When the thickness of 5 the undercoat film23 is
sampd edmyppsititinsasrtborgan thedfasiembsiiientul ar ori entati on of
t he perpendi cul ar magnetic recording film5 is |
par t HB%LAHereoa iR Zherntinds dewrigiation pdudincrysigbdiameter of the

im AR FUAGPR PR iB, SRR Ghlc dRFRERTE it 4% pmg e
' s Ty 1MW | ti i t hout
P R e T Y G B prm " 107

WhenThéinsiterial Gdedas shefiatehfedigle Fidmt 136is ahalley thanieludedst least Pt
per pendi cul ar orientation in the perpendi cul ar

andhvignetic recording filmb5 is reduced, and the

read/wite properties and the thermal stability

det ebsiggakiewithpy Gdainot greteighlenbecanss thei arialsdiametes pggomes

t he ove, ran t he cr.ystal partigles beconme course
g an R Gé AR oo o RliefrcRumBe B TR 5 tha
is %%%ﬁitﬁxiaﬂl? HeBIRECHRe diel (B Re Gikiiene LA RMlcARIt film 23, and

Iting increases. Thus, the resolution of the read

thebbgkhs hgisaincesagest he read back out put decrease. The

undercoat film 23 preferably has a fcc structure. Due

t o tWbe undecedidilm £ |partiylankyypretprably consists wdtamyeamanigea Pt-C

orientation of e jnter [ate fil 4 pr.ovi ded
auﬂ%?EgF%;ﬂgﬁbgﬁNigaﬂkWE?%ggggﬁ nﬂq%ﬁﬁé? et i c

recosdi fi | | bal il e

ko Pl PR ih TriRRProo it 23 o BEP AN Mhiablltes a east
Pd@hd the particles can be confirnmed, for exanple, by

X-ray diffraction or transm ssion electron m croscopy

( TEMn th€hasathat Bges dsedneitlent df, thderystaly dinaletep detomdsdarge, and

in the undercoat film23 is equal to or greater than
thus theyrysa!l diparatertip the perpsadieHanmagnatie requiimgfiley adeat is grown

di t b 25 f f , '
coif AT PR it i b et pidhe Dhigeaat R aa. it figheby the
noiI%Mcﬁs{?E%ﬂsm ssion el ectron m croscopy) and processing

the observed i mage. The surface profile of the

undencoatcad that 23 alloyf thaeieRRles Pe a8UIC aceed) @E uh@erddat film 23
t he perpendi cul ar magnetic recording film5 and the ~

panpicatadg ppreferablyl qon6ists afidny kelect¢difromdenongtaoP drftkedloy higd-Fe-C alloy,
surface irreqgqularities of the magnetic recording

Py ales et ¢Co-bridlogeRridaSECAB0¥004/ 064048
T 20400 GO P G0, M

at% and equal to or less than 40 at% (more preferably, equal to or greater than 5 at%
and equal to or less than 30 at%).

Fig. 7 shows the relationship between the C content of the undercoat film 23
and the read/write properties.

As shown in Fig. 7, the C content of the undercoat film 23 being less than 1
at%, is not preferable because the effect of the improvement on the read/write properties

is low. The C content exceeding 40 at% is not desirable because a deterioration of the
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theagnsiis lteaﬁw fthe,gpft mag’ﬁ?tfcr

Ra of the undercoat film23 is preferably equal to or
| ess than 2 nm Because this nean surface roughness Ra
WO g00eqeals to or | ess than 2 nm the surface PCT/JP2004/000205
irregularities of the nagnebéc recordi ng nmedi um are
reduced, the magnetic head flying height during
reading and witing is sufficiently decreased, and
oriettetiazhpcpursi s Aspassh, etheoraagiyyrita sproperéics cdr tien gragnetostatic
density. Wien form ng the undercoat film 23, with the
PKEBF@E@e@POWﬁklng the crystal particles of the
per p%ﬂéj {h%i(nle S o'ﬁgpﬁlide‘fcora?ﬁﬁﬁ Qg gplfegrmlg € ual to or %reateg than 0.5 .

ﬁlCFOCFyS 0SS
'uapdot&ti&sng@ﬂmﬁr(lmpérﬁaq%n 138 1bhen)0 afwﬁ&hhfe 'tlluﬂ'kness of
orna ion. For 1 exanp e, In the case t'hat the

theURfl@sreqat fifnh | 28 28 withif othivechngs) nige pegeuticelat ngicmedttioadof the
preferably a gas that is a m xture consisting of

perpm;cgetdammgmbtncmemrémgdﬂnaﬁ lapwmicuhdy deigh apspthexdistancs lyetween
0.05 to 10% (preferably, o 3%.. or as that ‘E’i
Rt KR 2 ﬁ?fgﬂgawgéwgaw avriting

bectogleg(ysmﬁs LS ox{lgaﬁ:ﬁésyblg t9 ]lnEr ageo(%ﬁe( pﬁraﬁrjvgriltg pérée%rtnl?sé %thout

nternedrate f

lovélirBahd FR8Iutibn bitthe GEaiHa8k sighauct ure of the
per pendi cul ar magnetic recording filmb5 due to the

di f f @ienabisithickiss €1llsHebdw Ligt dbiove raigeethelpetpendiculaherientation
_ undercoat film23 and the ff endi cul ar magnetic
in frhecp@m@md@ukarr magseticaiseording fle> daredueadnand hegpakiwele prapertics

f th t ticl t al
o RERREI B Sl P
film adcﬁgoﬂ: e tﬁglt}{lcﬁéggte%éeﬁg t %ﬁa@g r??%c the crystal particles

structure or a fcc structure is use

bedoticc thBdE ang the! distddee BotGebmitBE TREHNREE Hehdl Mn2the soft magnetic
preferably includes at |east one anong Ru and Co. The

undednecak fide S difringheading endrediiag encidasen. 2 hus, the efselusibh i the read

equal to or less than 10 nm (preferably equal to or
baqkeﬁs%naﬂ H’é{hﬂ@ fﬁ‘%ﬁb@lioﬁ@uhé@f?aéecause a deterioration in

t d to.th t
p ar t &g? ?rg?asy ﬁl% E% gFﬁ%rg‘) ézgl}as u%e f(icgsérucgug?g g]ﬁlg? I&cﬁ Iﬂéer undercoat
fllrgg%}n Rhdifig CRRT Hhidhid | thgn o%e%ﬁeﬁﬂ dt%hé in‘t%ﬁﬁecﬁﬁte Film 24 pﬁowded

rease”in the resdlution because of Increase In

dir€dtBt #se DRIV pefiRnaRgRE hagnbeatoarding itmundepo@itand it is
film2. The thickness of the internmediate film 24 can
possiblertrdmalse thalcuystal partickss odengsrys@llinem (The staéexefitht particles can be
equal to or greater_than 15 nm. WO 2004/ 064%‘:8 )
COTﬁE“H"“@Pf@U&?‘@G@‘QO@Y ZgagotidracHan ‘?rntff‘wlﬁﬁl@sé fron miCroscopy
(Tll%wentl on a structure that does not provide the
mtermedi ate film24 is al so possible.

The average diameter of the crystal particles in the undercoat film 23 is equal
to or greater than 5 nm and equal to or less than 12 nm. This average diameter can be
found, for example, by observing the crystal particles of the undercoat film 23 using
TEM (transmission electron microscopy) and processing the observed image.

The surface profile of the undercoat film 23 influences the surface profile of
the perpendicular magnetic recording film 5 and the protective film 6, and thus in order

to make the surface irregularities of the magnetic recording medium small and decrease
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To manufacture the magnetic recordi ng nmedi um descri bed

above, a nethod wused in which the soft nagnetic
wanaenewat film 2, the undercoat film 23, i ntePCEM2004000205

5 film24, and the perpendig | ar magnetic recording

film5 are fornmed in sequen on the non-magnetic

substrate 1 by a sputtering nethod or the like, the
thepnagretit heal flyingh6ight during reeding pnd vaibine: the impegn seripesaroughness

CVD nethod or the. like, ggd tpe I%bricat'n film7 is
Rafof theatndgieoat filmpa? isgprefstabbaedial oy lessghan iﬂ“gf erably,

the yndercoat film23 is forned,at. e f

150 PEoHboe furoa ey oyl R i BbIBRRN foal's g he
sur?%%%@%ﬂam%fttﬂ@mg SHRR At gifediin lall Rdué@N YR mhghetic head
the magnetic recordrng nmedi umof the present
flyRigbRd e diringt RdiHpdIdC eattingf is | siffZdertignddcsdased)f aminthereby it is

al'loy that includes at least Pt and C or an all oy that
possitd¢ todimsreate the eaxsrdifgldenséiyC, and thus the read/wite

properties and the thermal _stability inprove, and 5
the Méheai fognmsdibgrynderrgabofilniZgh w%éﬁt&?ﬂétﬁ IB@EB%%E crystal
0ssi ble. Fig...8 shows fifth emhodi - .
oAl 1 PELGIUY Mo e OG5 EBRboB Ry, iy s possvl
| I ;
o F13, PRENELFuREERLILI G LU ISR el B BBindin. ror
exdThBle ORI thetcakd tHae tisd nakiretae fidatdgernfotthed 8sihg angpyeting method,

undercoat film 2 and the undercoat film 23. 20 The
prefereblyfa gamth@ is amizenré gpmsisdinigé vry gl mixed dntp agonsH@rplume of
in the second _enbodi nent. viding the seed film. .
apgoxinmately Gfsto 1% eister i & hio A F & that i Byxture consisting
o B 08 mBEATR PRHLELE Y FESoEHTRAL ANy PR erron
O P ufB e, magnetic readiwite apparatis using the
write apparatus using the
magn@he dntesaediakic nijlmedi puev ees cistdréidn dbdle.cryed structure of the
magnetic read/wite apparatus shown here_ provides the

perpendictlar mageesicaienerdingdilums 1ge ith therdiffefeneh i Baisovstadattise size
descrj bed. above medi um dri v nit 11 that rotates
beiyin T BTG HEAr I SELIS B RiEghdesos g 5 and a
t r S htes,d ' h I G :
o Wk FALAZAAE S0 AL RRD, 8 Y BIBaDel s e
parilesfintBagePehdibulbimberedic réddddiag figad. wri t e si gnal
processi ng system 14. The read/wite signal
pr oc @sfemblysy stagerial hapingce bgestriatpetordafa stimdtusengissed in the

_record signal to the magnetic head 12, and it becones
intpigreshiaie Blma4out put data by processing the read back

The intermediate film 24 preferably includes at least one among Ru and Co.

The thickness of the intermediate film 24 is preferably equal to or less than 10
nm (preferably equal to or less than 6 nm) so as not to cause a deterioration in the
read/write properties due to the magnetic particles (crystal particles) in the
perpendicular magnetic recording film 5 becoming coarse or a decrease in the resolution
because of increase in the distance between the magnetic head and the undercoat film 2.

The thickness of the intermediate film 24 can be made a value that exceeds 10

nm (for example, equal to or greater than 15 nm)
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signal fromthe magnetic head 12. 5 A single pole head
for perpendicul ar magnetic recordi ng can be used as
wWa b@4/o6magset i ¢ head 12. As shown in Fig. 10, iPCT/$P2004/000205
possible to use a single poB% head conprising a main
pol e 12a, an auxiliary pole“t2b, and a coil 12d that
are provided on the connunlcatlng part 12c thereof.
10 Adot dhatgint thet heesertgi&eition easttuatireetbabgapaings provide the

. describ Qve, becayse of using the nagnetic
1“@@%%#%?%@“32&?@%?3 g@%crlbed above, it is possible to

Irgg[j afrg%rgl%ct 1& tH %%r reco B!glnllgcg %Eis%lgl?c(d abqve, a method

per erer
usé'ﬂaﬂln\?ﬁfcﬁ tflce%ﬁ Wa ﬁa&l@{?ﬂﬁ?éﬁay $ilm 7, QD hﬁfer@d&@ Bi1@S23, %?(Eﬁnedlate
| oss due to ther fluctuation ¢an be prevented from
fil@ceaid the peditddirtilat haghetiterecdi@irlg filen b tard formed &i &gleice on the
i pl enent hi gh recording density. The operational
nomaguetl@ﬁuhshetepl ésemputlnvegtm@hpd/\m thenkike, Bhe pradedtivedilm 6 is

t he present ntlonl
forﬂt%l it %ﬁRUétar% rrte#@df 6%%11%%? dike, a@%&ﬁ%} icating film 7 is

ned..gl .ass (Cnhara Co. of JAPAN,
for@%(eterynaﬁhg%mg%et%hob &fﬁ%ﬁkéo i nches) was acconmodated in

the bidropbQr (BLhOG G FHE3 iQForthelat TRAMRLARR: of 150 to 400°C.
sputtering apparatus (ANELVA of JAPAN, 'C-3010). Afte

ai r geperixpeldd/edtef propertibecarf bd obthinedatlienrthe bamgresture is in this
until an ultimte vacuum of 1x10"5 Pa was attained, a
raniggft rmagnetic undercoat film 2 having a thickness of

180 nmwas forned on, the ubst te 1 .a
SputF fhenlgamlﬁdacqggm um q ﬁé{reSGBh?PE?qlﬁ]ﬁnbfthe undercoat

fm%]?ﬁzc g%{ys@g (gln %S@ﬁ%@ggﬁ 315#@95} Ifﬁ%a}gtc?/ by %ﬁo;‘? Bk $udes at

con

leaSOPd hﬂd@daxﬁvthuyﬁiefi@acﬂwﬁtebﬁragérﬂgs SRMDE Qhéfﬁﬁﬂﬁhlﬁﬁ%l ®dprove, and
(VSM that the product of the saturation nmagnetic

thd leadinBsndawditing ef highnlehdityodatrebescotnes phsstibles, Bt, of this
filmwas 200T- nm Next, at 240C, a first undercoat
fil nF®. Hashave & fifH eRkedigmest 015 thermagaetioraserling madian of the

net i %Eunder oat fi.lm2 esciil bed above

prﬁgl?tﬁaveél%?gpt GEAER; IcIsepding ShPHB Efg)rowdeél a seed film 8
/ .
hag t%@ar] t'e:%l?) 340.99 %%.Qé\#] re®f a%lcgoérﬁta%@kqnﬁhuge B&%@ﬂ‘ fhe%foft%éagneuc

| S p0|nt 1N e Cr ys a
unf&tddt €iQS andfthé hiedesetat eibe 29f the first undercoat film

3 were observed using TEM and found to have an

aver age sdedrfdtei8 ofn Henformeyh itdemgicklly sto thatishewat inf fhensecond

3, .the second undercoat film4 having a thickness of
embodiment.

By providing the seed film 8, it is possible to form the undercoat film 23
without being influenced by the crystallinity, the crystal grain diameter, or the surface
condition of the soft magnetic undercoat film 2.

Fig. 9 shows an Example of the magnetic read/write apparatus using the
magnetic recording medium described above. The magnetic read/write apparatus
shown here provides the magnetic recording medium 10 in any of the embodiments

described above, a medium drive unit 11 that rotates the magnetic recording medium 10,

a magnetic head that reads and writes information on the magnetic recording medium
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55 nmwas forned by using a Ru target, and the

per pendi cul ar magnetic recording filmb5 having a
wao biogkewdss of 20 nm was fornmed by using a PCT/JP2004/000205

64Co-17Cr-17Pt-2B (Co conte%l at 64 at% Cr content

at 17 at% Pt content at 177at% and B content at 2

at% target. Note that in the sputtering step )
10,ddwed idpiyd validdeandn grad/ Widls signebiprasessing spylemekisi ridiegaad/write
Cfor filmformation, and the fil.mwas, forned un

fil der, a
sigpil cREGEFSEINGT SYSIcE P4, PIRersRgsk fpuh Aot f51R 3 FqCofd; signal to the

havi hi _
maggief 42 o TEEo Bk P o YBATRE: BY plefing ff3ead back
signgzﬁgfdgyﬁ{eq{?%rbéﬁ& Refq s formed using a dipping nethod,

magneti c recordi ng nmedi um was obt ai ned. The
CONpASdihglopolf héddi for Pageaticalar ecapneiio gecoriingioan e asedvas the
in Table 1. 15 Conparative Exanple 1 Except for the
magnetgtheaddér coat film 3 not being provided, the

magnetic recording . mediumwas fabricated according to .
Exanaﬁpéhqwnvhglgcéﬁsﬁ&ssmqsa €dp UhHAS! t head qamRgisipggmain

ifumis.shown. in,Tab rative. e .
pol§ T3ty Balife 4Piq oo’ B8 st 4 IR S o ik FRAC SorpQfianine
pa ﬁ%&h@%ﬁ the nagnetic recording nedia were

abricated according to Exanple 1. The conpositions of
t hesaccérdipeiol the reametc nerdimedicaappamtishdwsoribad dtadyegbdcause of
The magnetic recording nedia in the Exanple and the
usi@p tpanagriotie resoadipg axediume 4@ descaibed eleaye ihepassiklaigtinggase both

of the read/wjte properties was carried out by using
theatherﬁ?ﬁ@gﬂﬂ\ﬂ‘{ 'i‘eé%é‘?‘@fz@rp’fm@sz and a spin stand

8170;15 ne%&“%c%?%déﬁg? goaglyew Iaééﬁc%ad/v&r“@%parlaﬁs}g Hg%lblgs such as

eval uation’o properties, a magnet |

dati 88 MR ROhemSd THlcRiati®P e BE PEvENEE fidin bB&uMhig,td at the same
portion and using a GWR el enent in the read back

timedt isipogsibles énplepleoyidagh revndlingdensaggor di ng frequency
conditions were neasured as a_track WD 2004/ 064048
PCT/ The 0partoo efectad thy pressdinigntem il poybeadpifigddy way of
In the IISval uat hon of ,the t.hermal ..f I.tugttU@lti O i e
exgipRipr FR¥CVerhe BsSt SPERHOHISIO! Fipid 1 s alloving cxpgples.
rragng%('hrg Eelad descri bed above were used. After witing
at a frab recordi ng density of 50 kFCl at a

t enpar afehidl Bfasy Qfbstiatte 11 @liRrDICol efr RN ( ttdmandemdier: 2.5

of the output with respect to the read back out put
inchtg)e wasr adcomgpatiatedc ondhenegme dbmmatignechamber of a DC magnetron
sputtering apparatus (ANELVA of JAPAN, C-3010). After air was expelled from the
film formation chamber until an ultimate vacuum of 1x10” Pa was attained, a soft
magnetic undercoat film 2 having a thickness of 180 nm was formed on the substrate 1
using a sputtering method by using a target consisting of 89Co-4Zr-7Nb (a Co content
of 89 at%, a Zr content of 4 at%, and an Nb content of 7 at%). It was confirmed by
using a vibrating sample magnetometer (VSM) that the product of the saturation
magnetic flux Bs and the film thickness t, that is, B-t, of this film was 200T" nm.

Next, at 240°C, a first undercoat film 3 having a thickness of 5 nm was formed

on the soft magnetic undercoat film 2 described above by using a 75Pt-25C (Pt content
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based on (S-So) x 100/ (Sox3). In this equation, S

denotes the read back output after the passage of 1
waewaenetoad ter witing the signal on the nagnetPCT/JP2004/000205

recording medium and S depotes the read back out put

after 1000 seconds. The resiilts of the test are shown

in Table 1. WO 2004/ 064048 PCT/ JP2004/000205 29 o0 O,
of ¥ ¢%rwl a & copteppob25 atffy) tagetn Achispod irtime, e Gy particles

of tbg éurtﬁcefq’f tlgs f?r@tc gn%e%oRfYW;% 3%%0%6;# L%ingg_o}"ﬁ;\[{_, %nci?qﬁgs t& have
an ?&eré’ée'ﬁifﬂleﬁr H¥gpm'fl 0000 in-n OU N

On the first undercoat film 3, the second undercoét film 4 having a thickness of
5 nm was formed by using a Ru target, and the perpendicular magnetic recording film 5
having a thickness .of 20 nm was formed by using a 64Co-17Cr-17Pt-2B (Co content at
64 at%, Cr content at 17 at%, Pt content at 17 at% and B content at 2 at%) target.
Note that in the sputtering step described above, argon was used as the processing gas
for film formation, and the film was formed under a pressure of 0.6 Pa.

Next, a protective film 6 having a thickness of 5 nm was formed by using
CVD.

After that, a lubricating film 7 consisting of a perfluoropolyether was formed
using a dipping method, and a magnetic recording medium was obtained. The
composition of this magnetic recording medium is shown in Table 1.

Comparative Example 1

Except for the first undercoat film 3 not being provided, the magnetic recording
medium was fabricated according to Example 1. The composition of this magnetic
recording medium is shown in Table 1.

Comparative Examples 2 and 3

Except for the second undercoat film 4 not being provided, the magnetic
recording media were fabricated according to Example 1. The compositions of these
magnetic recording media are shown in Table 1.

The magnetic recording media in the Example and the Comparative Examples
were evaluated. The evaluation of the read/write properties was carried out by using a
read/write analyzer RWA1632 and a spin stand S1701MP manufactured by GIZIK Co.
(USA).

In the evaluation of the read/write properties, a magnetic head using a single
pole electrode in the write portion and using a GMR element in the read back portion

were employed, and the recording frequency conditions were measured as a track
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2004/ 064048 PCT/ JP2004/ 0002 30 As shown in Table 1,
t he ‘Exanpl es providing the first undercoat film 3 and

recariing dsnsitynef @Wddidoat film 4 showed read/write

ggg%g:t ql g‘(s;aéltl%%tg%ﬁég thséylgaﬁrfjlu%ua(t:igrq%?orp%r iets,o thie hsle)in stand described
above, and the magnetic head described above were used. After writing at a track
recording density of 50 kFCI at a temperature of 70°C, the rate of decrease (%/decade)
of the output with respect to the read back output after writing 1 second was calculated
based on (S-So) x 100/(Sox3). In this equation, S, denotes the read back output after
the passage of 1 second after writing the signal on the magnetic recording medium, and
S denotes the read back output after 1000 seconds. The results of the test are shown in

Table 1.
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supeé)?ag'?pl?sea v%rlte properties. Exanples 13 to 16

Eﬁce@iceﬁpflgrgﬂcec&ﬁp(%hﬂﬁsﬁ @t firfaundblcsit flROS cEOwh i Thiie 2, the
shown in Ta
magnetic recording media were fabricated according to Example 1.

The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 2.
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thickness of the first undercoat film3 was equal to,
or ghestosm in Aable@. Sedixamples dywhichtthe Bist ndstcoahiilm 3 gonsigts of
(in particul a:@ 1 to ;Nnn) showed superior read/wite
Pt gyadis @lley ehowersuptios Leaflvils POPeRiEsept for t he
co sitilo otg he second undercoat film4 shown in
Tabl &P gnetic recording nedia were fabricated

aCCOE}EgeBtngrothg)?ﬁi@Pﬁé%S bf the first undercoat film 3 shown in Table 3, the

magnetic recording media were fabricated according to Example 1.
The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 3.
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t he gy 117 thegording nedia in these Exanples were

eval uat éd. The results of the tests are shown in. Tabl e
5. VIR2pét e404posiidi oPheB4¢addaRdsco8 ilm 4 shown in Table 4, the
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magnetic recording media were fabricated according to Example 1.
The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 4.
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; . i ticular, 1 to
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26 t@xaglpl‘@gqgm,zgor the material and thickness of the
soft magnetic undercoat film2 shown in Table 6, the
magnéixiceptriec tredhivynepe aif ahavercond ahddrest €limas siayveli BOTANe 5, the
Exanple 1. Exanple 33 to 35 Except for providing the
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and e fiyst. undercoat film 3, the magnetic recordin
medi d "GeF
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were evaluated. The results of the tests are shown in Table 5.



oyOoao0O00O

were evaluated. The results

The read/wite properties of the magnetic recording

nmedi a in these Exanpl es
wokooietosest s are shown in Table 6. WO 2004/ 0GEOESP2004/000205

PCT/ JP2004/ 000205 39 C4 o o0 g

boO0OO
en

'onco0

oUd~ NOAh
0 UgNNNNNNNN

-1 p,

0,
MN NN
VAR

-
s aovVv Vi
0O000d 0O

:~ UNNNN
9 V. a
0

C a~oorno@0000

0O ONO7 ~

w
:00000O0

000odooOO
C

0Ooao

Z2cD ﬂ~I|
2. DO
O_ c
Z 2 .
o]
Z _._
>
z>_
> 5 Z._
>
Z
22 >
>
22
— C
R I
=57
aHuNmu
a_z
WnuNnu
o _ -
="z
N
8o2o
W : >
< =29
h— 4L Q01T SLTy S0 9" 0c GCHLTIDLT-00%9 4 ny S OSTMSL 00t ANIZoD ¢z a[durexg
C0STT 3 M)w.m.o SSOy 0 T's 0c HCAALTIDLI-OOY9 01 nq S OSCMEL 0o0c ANIZ0D ¢ a1durexy
X om.mﬁh 80T 009% 10 S'6- 0C . GTALTIDLT-00F9 L o | S 0STHdsL 002 ANIZOD £ opduexg
0001 “T0'1 SEVY 10 §e 0T GTALTIDLT-0D19 T L S OSTdSL 00c ANIZ0D 7z o1dmexg
I_o.@Hh 660 SSSy 0 (A 0c 2L IDLT-0OVY S0 o 9 DSTAdSL 00¢ ANIZOD 12 ordurexg
D0ge1.C 4mouv SESY (40 8's 0c GCAILTIDLT-ODVY S L | S OST3dSL 00c ANIZOD T ojdumexg
=0 (e | ©O) | CPP%) | Go) () @) G %) G [ G Y -
PEH 45 wz oH sopedolg oyel 10112 SSOUOIYL, uonrsoduio)) ssomporyy, | wonmsodwo) | ssowjorgy | uopsodwo) 1sg
I jeodlepun
ZPZcm > fmazs sopadoxd e W JRODISPUN PUOIIT I JE00ISPUN ISTE] EE:M
T “Sommedoid HRUTe [ewIey], ALM/pEIY Surprooal onouden efnolpuadisg onouSew Jos
1= =
ZZ >
G QIqEL




Cg COOOSgagqq'y .yqd~..Fi .F)' G q -~ (y

~y ~1 ~4~1 ~11i11i 14y ~1 ~-I ~N U~V ~/1 VI ul
workoowod4088 VI ul M 41 OU b CO0OO 0O O O OrPOr/@p2004000205
.0 SNNNNNNNNNNNwwa. wwaw-~"wap v~

rorolgx)hoho[ah hEoOO BCNOObzUw COOOO
~n A[sﬁshownbmoTzzble.%Z%fl:\I Zé\lyg;mpgs,\fnﬁw ic'ﬁ @emhﬁ%s{ﬁoﬁe’ %cond
g By o o o, s Pl S b i
parti\é{llﬂ Wiy Ws}%\w,d/gu\ﬁéﬁgr read/write propemes.
' Examples 26 to 32
Except for the material and thickness of the soft magnetic undercoat film 2
shown in Table 6, the magnetic recqrding media were fabricated according to Example 1.
Example 33 to 35
Except for providing the seed film 8 between the soft magnetic undercoat film 2
and the first undercoat film 3, the magnetic recording media were fabricated accordihg to
Example 1.
The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 6.
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properEes were o%taine’d.

Examples 36 to 40

Except for providing the intermediate film 9 between the second undercoat film
4 and the perpendicular magnetic recording film 5, the magnetic recording media were
fabricated according to Example 1.

Examples 41 to 44

Except for the material and thickness of the perpendicular magnetic recording
film 5 shown in Table 7, the magnetic recording media were fabricated according to
Example 1.

The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the test are shown in Table 7.
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Specifically, a first undercoat film 3 having a thickness of 5 nm was formed on
the soft magnetic undercoat film 2 by using a 75Pd-25C (Pd content at 75 at% and C
content at 25 at%) target. At this point in time, the crystal particles of the surface of the
undercoat film 3 were observed using TEM, and found to have an average diameter of 8.3
nm.

The read/write properties of the magnetic recording medium in this Example
were evaluated. The results of the tests are shown in Table 8.

Comparative Examples 4 and 5

Except for not providing the second undercoat film 4, the magnetic recording
media were fabricated according to Example 45. The read/write properties of the
magnetic recording media were evaluated. The results of the tests are shown in Fig. 8.

Examples 46 to 54

Except for the composition and thickness of the first undercoat film 3 shown in
Table 8, the magnetic recording media were fabricated according to Example 45.

The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 8.
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Next, at 240°C, the undercoat film 23 having a thickness of 5 nm was formed on

Z O

W

o:rI'-*Q/\-o

the soft magnetic undercoat film 2 described above by using a 75Pt-25C (Pt content of 75
at% and a C content of 25 at%) target. At this point in time, the crystal particles of the
surface of the undercoat film 23 were observed using TEM, and found to have an average
diameter of 8 nm.

On the undercoat film 23, the intermediate film 24 having a thickness of 2 nm
was formed by using a Ru target, and the perpendicular magnetic recording film 5 having
a thickness of 20 nm was formed by using a 64Co-17Cr-17Pt-2B (Co content at 64 at%,
Cr content at 17 at%, Pt content at 17 at% and B content at 2 at%) target. Note that in
the sputtering step described above, argon was used as the processing gas for film
formation, and the film was formed under a pressure of 0.6 Pa.

Next, a protective film 6 having a thickness of 5 nm was formed by using a CVD
method.

Next, a lubricating film 7 consisting-or a perfluoropolyether was formed by
using a dipping method, and a magnetic recording medium was obtained.

Comparative Examples 6 to 8
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The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 11.
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properties were shown. In particular, the Exanples in
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Exanple 78. The read/wite properties of the magnetic
thanOait @) sipweddiperion ptdpes@sExanpl es were eval uated. The
results of the tests are shown in Table 12. WO
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maéngtic recording media were fabricated according to Example 78.

The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 12.
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2004/ 064048 PCT/ JP2004/ 000205 53 As shown in Table

wda2go4b4Exanpl es in which the thickness of thBCT/JP2004/000205
undercoat film 23 was equal 40 or greater than 0.5 nm
and equal to or less than 15S nm (in particular 1 to

10 nm) showed superlor read/ wite properties. tgg m@ﬁ
93 t &sghown éféﬁbl? %%X%lﬁ%\nam@léth@ahlﬂﬁf&$ of thapndsscoat film
nder co

23 Qe O PGB Aribu s Seegon df or LGE Vi Tdiogh B ageicyter 110
105}@%&@63&%%}?@5@%&@%&5%% operties of the magnetic

ordin anples wer e eval uated. The
resu@k&m fesOBe OBESts are shown in Table 13. WO
2004/ 064048 PCT/ JP2004/ 000205 54 xgq ;, o 0000 ~o0
0 O (Except rfor the télnp)erél)lre during fOrmiatidd df the wndayc@OfiGn [23Nhown in
NN~+ a~~GbQO0O0C?C G G~ OWONWV
Ta]s)je(lii, the @agngth;]ecwﬂmg)mqﬂla Weredgbricated according to Example 78.

The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 13.
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formati on of the undercoat film 23 was from 150 to

400C showed superior read/wite properties. Exanples
wO@oto64@! Except for the material and thi ckneRBGT/aif20041®0205

soft magnetic undercoat fil g‘gz shown in Fig. 14, the

magnetl c recor di ng nmedi a were fabricated according to

npl e 78. les 105 to 107 Ex t for providi
the "Reshow im Eﬁbb‘étl%eéw Exranples dor éwEt the talﬁa%f@%f‘atdugﬂg the

film2. . and the undercoat fil n
forpligh of G b BPE 27 it da0da B FEME SBseipgieadivmie
pro§§i1 ed ne read/vvrlte properties of the magnetic

ecording nedia in these Exanples were evaluated. The

r esuft$m ngésgg@,ﬁoasts are shown in Table 14. WO
.2004/ 064048 PCT/ JP2004/ 000205 56 ~, 0! o g o

g o Bxaept for theﬁnate&al(ﬁdotmmess of the soft @agnfmoolr[der@a’oﬂlm 2
0O000~0 OO 0O0OC._ _OO0O0O0-0O0 N H
shopny lan-la 1¢, e magnetiq yegpring mw@wvre\fabl"fca*eé fﬂcwd}ﬂgﬂp ﬁxbmple 78.

.n 0 0.0 000 aspo0d @ O0'dy O-0
R}eﬁosotoao‘? Vi ~0 ~n + ~¢ ~0 ~0 ~0 C a3
b O B(cgpgopp%v%lgg ﬁeQegl film 8 between the soft magnetic undercoat film 2
and the undercoat film 23, the magnetic recording media were fabricated according to
Example 78.

The read/write properties of the magnetic recording media in these Examples

were evaluated. The results of the tests are shown in Table 14.
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Except for the material and thickness of the

internmediate film24 and the perpendicul ar magnetic
wo e@andionsy film5 shown in Table 15, the nmagnePCTJIP2004/000205
~recording nedia were fabrigﬁt ed according to Exanple
© 78. The read/wite properties of the magnetic

recording nedia in these Exanples were eval uated. The

r esuhs shawmeinghblenl4 hefsimplesshowed sunerigr rsad/wite propsities.  In

Ru/ CoCr indicates having a two-layer.strugture in ..

parEn SUREY FICOT e draReays, WHE PGy b Ex e froviding the
I nsissting of CoCr on the first l[ayer that

Seeégzgﬁgigs({%galo‘#d'sRu. The thickness of the internediate

filngeAbidr®sabhig nm and this is denoted by 2/2. WO

2004/ 064048 PCT/ JP2004/000205 58 00S SO ooOCD

N 1BxddppforSth® Da@exild &hd thioknest) dfl the|inGriedite filnD 2@Fand the

pSp V-R'S lot CM) y Cb OOOOOCOCOG d~N _
perpendiculo @egiRtic tegading fibm § shewa- iy Table 35, the, magpetig| regprding

i vt ot ¥ SN A NP
N'H ﬂeNre’gd wrl}le ll\)lr(;}le%es of the magnetic recording media in these Examples
were evaluated. The results are shown in Table 15.
Note that in the Table, Ru/CoCr indicates having a two-layer structure in which
the intermediate film 24 provides a second layer consisting of CoCr on the first layer that

consists of Ru. The thickness of the intermediate films 24 are all 2 nm, and this is

denoted by 2/2.
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Conparative Exanple 9 Except for form ng the undercoat

film23 using the target consisting of Pd, the
wore@nes40ds8 recor di ng nedi a were fabricated accopdi/mrpoe4x000205

Exanpl e 117. The read/wite sgproperties of this

magneti c recordi ng medi um were eval uated. The results

of thetests ares Tabl e 16. Exanples, 118 tq
124 £3ERPY B@%@WE% O A iPRA QIR g ropties.

unde coat1 &%Jém 23 shovvn in Table 16, the magnetic
reco ia were fabricated according to Exanple

117. Eg&ﬁt £é Wl 8 BHIBRBAL flﬁ? 29 a5t ﬂaﬁoﬂ?gtﬁgtﬂlé‘;gélétic _f_%cgrding

recor |a |n t hese Exanpl es were eval uat

meﬂﬁ;&uwwfaeﬁcaft@teadcaﬁﬁ@ f@IExagtper8.i n Tabl e 16. WO
2004/ 064048 PCT/ JP2004/ 000205 60 ,Cy N O O O O O OCD

O O 8&pecijcally, tEbumipreoad fid 23Hhafing a\thickktss o SHhrk was fdfmed on a
M0 \. A OOOOO ot 000000 mMinpw CaNyvl
SO 1cp4n§1pqqpqi| f@@l Apy 93155 a 7|§P@)2§ C (Pd confent at @ @ %apd & eontent
at %5 at% tﬁrggt Aﬁ thts;. EjPlIliMlINtlglel tﬁeocgsgl @aﬁckssdn‘gthé %"@CT\I of the -
unddrdabiibh "is'\x!vé}'e Vodrvdd ustng MEM, MnfbbundNoMabb bh abetadl Biameter of
8.3 nm.
The read/write properties of the magnetic recording media in these Examples
were evaluated. The results of the tests are shown in Table 16.
Comparative Example 9
Except for forming the undercoat film 23 using the target consisting of Pd, the
magnetic recording media were fabricated according to Example 117. The read/write
properties of this magnetic recording medium were evaluated. The results of the tests
are shown in Table 16.
Examples 118 to 124
Except for the composition and thickness of the undercoat film 23 shown in
Table 16, the magnetic recording media were fabricated according to Example 117. The

read/write properties of the magnetic recording media in these Examples were evaluated.

The results of the tests are shown in Table 16.
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('~i--1HHr 1 HHHHKKWWWWWWWW0 UWU W
WD 2004/ 064048 PCT/ JP2004/ 000205 61 As shown in Table
waggo4sampl es in which the undercoat film 23 i PCT/irRPEEH/000205

at least Pd and C showed SLbilieri or read/wite
properties. Exanples 125 to 135 Magnetic recording

medi vveref ri.c in, which the materi a .the
thic éE%W%f a’F fén 5 & which|thg wndlergoat {‘]I%Z?’ inclided at east

R ding film5 were as shown
Pd'agdgesglswgﬁg@peﬁlﬁng }\Vrﬁe@%ﬁgﬁﬁ ons were according to
Exanpk smdi8s 17398 ljSead/ wite properties of the magnetic
recording nmedia in these Exanpl es were eval uated. The
r esuMagnétic tb@rdiggt medin ewsleOpMritated dbl ®hitk. thédOnaterial and the
2004/ 064048 PCT/ JP2004/ 000205 62 0 0 O00 ONOO O N
thickn@ss @) theGnigni@edinte1film 24 -and _th@perpéﬂdiqular magnx:ti'c-rbcmding Nilm 5
N O CDp C:~CD\1[\] ChC C, UNOO CD, ~o 01
wegs {7 shewiniin ﬁl;a]QAe- ]t7 d’ hg-otheepogfhthwswcgye ,gccqrqhng tQ)E@algple 7@ The
0.0 0 0 NR'

rea ﬁvrbta pwpegl tk{ﬁ m,%ne\}]c IQﬁorQ}Pg {}165}1&\}}1 tQﬁe Sxaq)]pwle\s/.v\ffre Evaluated.

The results of the tests are shown in Table 17.
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As shown in Table 17, the Exanples in which the

per pepdi ar. etic, recording fil. i ncl uded .an .
b G LI n BB 97 el BRRPPES S oiEh dp SerpehGEuR magneti
LOEHS I infRALA 5RB%ibE biov i ; i ng
rem&*dfhg of tlhe pr esent1 [ nvene?liszi)J %1 at Z\g%tt% pg(ﬁ%ﬂ;(%'
magneti c undercoat film a first undercoat film a
Indestdaid\pphiderilitgat film a perpendi cul ar nmagnetic
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the substrate, and a protective film are provided; the undercoat film consists of an alloy
that includes at least Pt and C or an alloy that includes at least Pd and C are provided on a
non-magnetic substrate. Thereby, it is possible to improve the read/write properties and

the thermal stability.



1. A magnetic recordi ng nmedi um providing on a

non- magneti c substrate at |east a soft nagnetic
waopnaenewat film a first undercoat filmthat cPOT/IRM064/000205

the orientation of the film.directly above, a second

undercoat film and a perpendi cul ar magnetic recording

film whose easy nagnetization axis is generally

~oriented perpendicul ar %R@S substrate, and a
protective film mherei first undercoat film

con3|sts of Pt, or an alloy including at |east one
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Pt, and whose negative nucleation field (-Hn) is
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PCT/ JP2004/ 000205 65 8. A magnetic recordi ng nedi um
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having a granular structure consists of Pt or Pd, and
an oxide. 9. A magnetic recordi ng nedium according to

e
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undercoat film and the first undercoat film.

6. A magnetic recording medium according to claim 1 wherein the first undercoat film

includes C.

7. A magnetic recording medium according to claim 1 wherein the perpendicular
magpetic recording film consists of a material that includes at least Co and Pt, and whose

negative nucleation field (-Hn) is equal to or grater than 0.



magneti c recording filmconsisting of a materi al
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said first undercoat film consists of Pt, Pd, or an alloy including at least one

among these and the second undercoat film consists of Ru or an Ru alloy.

14. A magnetic read/write apparatus providing a magnetic recording medium and a
magnetic head that reads and writes data on said magnetic recording medium; wherein

the magnetic head is a single pole head; and



18. A magnetic recording nmedium according to claim15
wherein the thickness of the wundercoat filmis equal
wo eoosnegueat er than 0.5 nm and equal to or | esSBCT/00410205
nm 19. A magnetic recordi ng_nmedi um according to claim
15 wherein an internediate 'l m that includes at
| east one anong Ru and Co is provided between the
undethe gragnfti¢ mcartting misdiupepiosdds onlaaionraggietic gubsirate at least a
recording film _20. A magnetic recqrdin ium .
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alloy, Pd-N -C alloy, Pd-Co-C alloy, or Pd-Cr-C all oy.
22. A magnetic recordi ng nedi um according to claim15
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diapetep o thecilnadireatygbett,c peegam itulag nidghenceosiiigsfilaf whose easy
material that includes at |east Co and Pt, and whose )
magegjizationeaxisdy pencradly dricafed gerpamplicular &oife subsirale, apedcsaprotective
. tha (}%4. A magnetic recordi ng medium according to
fﬂ”&’laé‘gﬁ’{ Mherein the perpendicul ar magnetic recording
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thablnbRMe P4t 1énsCPErit cal | oy. 25. A fabricating nmethod for
a magnetic recordi ng nedi um conprising the steps of:

form ng in sequence on a non-magnetic substrate at
| east a soft nmagnetic undercoat film_ an undercoat
165 4\ |mpagnpie recorting medivme agrordipg 4@ claim diygwhereincthy £ gontent of the

i anet.er.of the filmdirectl bove, a perpendicuyl ar
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iIs generally oriented perpendicular to the substrate,
and a protective film and said undercoat film

17 CANnsigattic edcotfin@inlediint hadording keldRsmals Whesin the (abshté&at of the
or an alloy that includes at least Pd and C. 26. A

undeadzrat b ismgiuaietb loo drefater than Fegfenid cqua coodliessghared) aifh.
according to claim25 wherein the undercoat filmis
formed at a tenperature of 150 to 400C. WO 2004/ 064048

18.PET néé]gﬁ)l‘%gg Ar'éc%(r) 11%8 Snedium according to claim 15 wherein the thickness of the

undercoat film is equal to or greater than 0.5 nm and equal to or less than 15 nm.
19. A magnetic recording medium according to claim 15 wherein an intermediate film
that includes at least one among Ru and Co is provided between the undercoat film and

the perpendicular magnetic recording film.

20. A magnetic recording medium according to claim 15 wherein a seed film having an



68 27. A magnetic read/wite apparatus providing a
magneti c recordi ng nediuni and a nmagnetic head that
w0 e@docqmsl wites data on said magneti c recor dP@IJP2004/000205
medi um wherein the nagnetig head is a single pole
head; and the magnetic reco aing medi um provi des on a
non-magnetic substrate at |east a soft nmagnetic
amonptieuscsbactufd omp mipnoaiyddbaosituchirt in provitied between the shfs magnetic
orientation and_the rystal dianmeter of the film
undgrqoachiliyangiby undescqsbifRndi cul ar nagnetic recording
film whose easy nagnetization axis is generally
ori ented perpendicular to the substrate, and a

21. pf\%fggkh(y & Johhﬂ% L MNREGH R eSR! ait] qgrvﬁ;}%&nfthé rirl'ndercoat film
consi ['1Toy that incCludes at | east C
coristsagthna lahfyig taBLC N6y, PUER-@hllbye asNIEdalmygdPa:o C alloy, Pt-Cr-C

alloy, Pd-C alloy, Pd-Fe-C alloy, Pd-Ni-C alloy, Pd-Co-C alloy, or Pd-Cs-C alloy.

22. A magnetic recording medium according to claim 15 wherein the average diameter of
the crystal particles of the undercoat film is equal to or greater than 5 nm or equal to or

greater than 12 nm.

23. A magnpetic recording medium according to claim 15 wherein the perpendicular
magnetic recording film consists of a material that includes at least Co and Pt, and whose

negative nucleation field (-Hn) is equal to or greater than 0.

24. A magnpetic recording medium according to claim 15 wherein the perpendicular
magnetic recording film consists of a material having at least one of SiO,, Al>Os, ZrO,,

Cr,03, and Ta,0s added to a CoPt alloy or a CoCrPt alloy.

25. A fabricating method for a magnetic recording medium comprising the steps of:
forming in sequence on a non-magnetic substrate at least a soft magnetic undercoat film,
an undercoat film that controls the orientation and the crystal diameter of the film directly
above, a perpendicular magnetic recording film whose easy magnetization axis is
generally oriented perpendicular to the substrate, and a protective film; and

said undercoat film consists of an alloy that includes at least Pt and C or an alloy

that includes at least Pd and C.

26. A fabricating method for a magnetic recording medium according to claim 25 wherein

the undercoat film is formed at a temperature of 150 to 400°C.

o
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27. A magnetic read/write apparatus providing a magnetic recording medium and a
magnetic head that reads and writes data on said magnetic recording medium; wherein

the magnetic head is a single pole head; and

the magnetic recording medium provides on a non-mégnetic substrate at least a
soft magnetic undercoat film, an undercoat film that controls the orientation and the
crystal diameter of the film directly above, a perpendicular magnetic recording film
whose easy magnetization axis is generally oriented perpendicular to the substrate, and a
protective film; and wherein said undercoat film consists of an alloy that includes at least

Pt and C or and alloy that includes at least Pd and C.



