“e3e’ r| o.6(T|KR  MAGNETI C RECORDI NG MEDI UM AND THE METHOD OF
MANUFACTURI NG THE SAME Field of the Inventi'on 5 The present invention

‘relates to a “\m\\m\mordi ng medi um nounted on vari ou i
recordi ng apgmm t he net hod of manufacturing thﬁmmmmmmmm
recordi ng medium,gghor Art 10 Various conpositions for rraggnetl c |layer,
various structures for the magnetic |ayer and various materi &P for the

nonmagneti ¢ underl ayer have been proposed to obtain a magnetic recording
medi um exhi biting a hj recordin nsity, f th gnetic | ayers used
in practice enploys &I&Eﬁﬁd g@@%ﬁﬁ&@mﬁﬁﬁé@%eu C grains by
segregating O to t hqrdrfd o RIMANYPARGMIRERYG ThIPSRgiEONe of the
magnetic | ayers used in practice 1s e so-ca Ieg granul-ar magnetic | ayer
that includes a nonmagnetic and nonnetallic material for the grain boundary
t hereof. For segregating sufficient anount of C into the grain boundary,
it is necessary and indi spensable to heat the substrate at 200C or hi gher

during form'_ng t he 20 conventional CoCr all oy magnetic |layer. In contrast,
t he speci f Field@ithe dngentie granul ar magnetic layer is that the nonmagnetic

and nonnetal | ing, mat erjal seqregat yen,when_t b | S . _heat ed
duri ng?f orm ngfi}eheé r%? J3’r§‘11ijl la‘r%gﬁglgﬁeg ?%:a%ngg? . aFglra%%g liéi 3%%03’52“% 6{%@&“&
recor di ng pfifififtellYon M RHEAIS in Aick t9e tBEQRTRS ta gt 8t RRENa B PIHR" Btbthbgosfous! y
on the 25 perpendicul ar magnetic recording that orients the recording

magnet i zamamfantyeng éhelimagnetictrecoringanedigiong pl ane of the medi umin

pl ace of the parallel nmagnetic recording that orients the recording
magneti zation in parallel to the recording plane of the medium The CoCr
magnetic | pypy Ad the granular magnetic | ayer described above are

enpl oyable tor the 1 per pendi cul ar magnetic recording by controlling the
crystad ori ent\ariauws tdrapesitiohy foretins mafgrenicuagter, vayrius dtructsiresdon thed f or
both the CoCr magpetic | ayer. and the, granular 6 magnetic | ayer ta be

t her mal | y R3S &rtad“ﬁ&%n’él@u? é%%teﬁ’é’g? gomﬁb%égpn’#’&nepﬁﬂ%r&&rﬁ@'eﬁr ¥eher nal
stabilitygahi | j . ] {: gast Ni,SQL r opy
Ku. For rgghféiél%pt% ﬁg&ﬁgé%a%%idsggéé}ﬁt@ Eg%oggézégéédlp gl nné?(nl mttizn? tg hlérqgglr yst al
grai n di aretrding deeitya@iat bf theanngheidc llayers assll 10 pradtiee eniyslopmgnet i ¢
interaction between the crystal grains. The crystalline 10 rmagnetic

ani sot r opyaka fHoy Wéxdcgbjaalnﬁgmlage,d maggnetics grmlpﬁobbe@ewga@mmg?raw the
appropri ate unt. of Pt.thereto. The etic interaction between.the
Forr ongnery St Eptichousddit A Pherl g BF TAE el 1 R3ed BhiTERL
promot i ng j&ihe aPF@ARId BPakila® thhgnélidilAybovRaRinclidedRaRsn Rk gR8AEI L0 t he
substrate before form ng the CoCr magr_le¥| c layer or by neans of adding Ta
15 or B t monmect@l@ matewal dor atler .grofie bowedatyedharepfe Far segegaging on

ti ted in J f | i ed Physi , .. .87, No. 9.
00 6551 PRt SrgBRe coll &ir Rt s GF i DonBRRBYadhde: Betipars S ai n
by d = . : ' _ . d
y deposi Hh&ﬁp%sz}lﬁﬁet% Héa@%é;g%!é&graw GK299 CU% %ﬁggﬁnﬁ;ﬂ??ﬁgﬁﬁé’er an

by anneal i ng am nate at or severa s to Into 20

t he grai n chavasiasNaloCoChalleyChridignetigrnaiee. Ira¥eitrasy, theasfecific faitaed ved by
the Invention For reducing the nedia noises and for realizing a hi

h
nmagnet i ¢ tBeostmgagensigngtici layes iedbasathe monmagnatic ande Wﬁtagiiﬁarret er
in the 25 tyl di | dt ti lv. i,s@l at he . t al
orai ne i n DREHlREEFETeB TPl R A8 U FRe o hianedted PhahE PR ' °
stabi | i tY-thbbE@%’rﬂﬂart hd e B UTdyieYi tE’orOfrieéﬁﬁn%b@.Vﬁi rbRHiHe HeaBwy On

pronotion tec gue that deposits a M | ayer on a Cr Pt layer and
anneal s t res¢anchnaared i slevelopswergootavei heeni texpdénesl seigeramslyi ma eshé or

di ffusing M sutficiently into th rai n boundary of %ﬂe CoCr Pt .| ayer.

Nbr codér, ReePFRdigan maghets recteinB dPeg AT FhBrscPIHnE dBARNE B i

deposits th/ge{}@fﬁﬁcﬁﬁratoc?ﬁ% Pltecbﬁﬁﬁg Bf’arféb%i"ﬂ?le' Hfrum Qﬂa{éla%gwf“tpes' nce
n a ecording l'a

5 the spaci et ween the nmagnetic and the nagnetic r yer is
w de due tparaliel Miagastdc wtotlingntliat bhieaknahs foeotdiagCatadiietizaymm, igausi ng
a low signal to noise ratio (SNR). In addition, the magnetic head is

pr event ed araHel tothe recozding plang ofdhermedivagnbhe CaG@ymagsgticdarehasdnes

the granular magnetic layer described above are employable for the



nore uneven with increasing |ayer thickness. 10 As descri bed above, a

hi gher recording density would hardly be provided to magnetic recording
‘media, if one wanted to manufacture the magnetic recording nedia with
excel l ent productivity by any of the conventional techniques. 15 In view of
the foregoing, 'it is an object of the invention to provide a magnetic
recordi ng medi um manufactured with excellent productivity and exhibiting a
hi gh recording density. 20 Means for solving the Problenms According to a
first aspderpedicniari magnatin reeqrding by rdlingathmgiestol exdentagiony
nediun1in%hgdhngp_a nonn?%geti ubstrate, an underl ayer above the
nonnmagnet i KBS RFans g dﬂgﬁ? 5W@Cording | ayer on the underl ayer, and an
overcoating | ayer on the nagnetic recording |layer, 25 wherein the magnetic
recording layer is a granular magnetic |layer including ferronmagnetic
crystal grains and an oxi de nonmagnetic grain boundary or a nitride
nonmagneti ¢ grl4i is beywided yfos ubatbublae {gpChenagneticrdgyet iande thetgianglai ns,

and the overcoati | ayer contains nmagneti c nmefal or.a nonmagpetic
alloy Po B’éa%‘?‘%% T %’( Be ttﬁérlﬁaﬂﬁa%ﬁgfq é‘ngrfé)i ¢AYss legs mpedia noipes netic
recordi ng ; | j IS W\ [ not
enpl oy t héﬁ@gw@rﬁa ﬁgérzgﬁé{(%gr g%aiq}g%rlt?l %rﬁ%ggﬁggﬁ%élﬁ?r‘?ﬁyg& tcﬂ%brtgg?&but a
granul ar magedtic ahdyotropyn Ww diorgrddricingrabaanediac hyikea| itdisaneessnd to
nonmagneti c, gxi de ﬁrain boundara_or a nonmagnetic nitride 5 grain boundary
sur r oundi ABINIAEZe she sresiaterainciipameter gn dhgsnagnetigaesnsding lavesrandée nedi um
accordi ng i . the J nvent. on | netic
mecal | oyt B AP REbuRud Beb N BBt BT EY SAEP Rgnet o
| ayer 10! n 1698H6t6 Anidtidisy Kenuethd o ﬁa@&@ticnﬁ?@@id fmpeseddbyaddayer . the
coated atons diffuse into the nonmagnetic crystal grain 10 boundary of the
granul ar ragapprapriatgearmenntof Pt #horatel Phefmagnetat imtgragctivrpbetween thol ati ng
the ferro netic crystal grains f.rome ot her. The over.coati ng,l.ayer of
10 nm o neeDegeiiel Bital @ity i T U ERaERYEE teTRdy SRRSOy L he
over coat i Rohthlg RSseBeEshtiAIRYRG IR éﬁiintﬁ'tﬁuijcﬁlr?'hﬁf HHa®8 Ffhddithg the

nonnmagnetic netal or the nonmagnetic alloy into € nonnmagnetic grain
boundary. sBpstmtebeforedopming the foGrhmagnetic daydr dihby averrcoalt addingdDer, t he

magnet.i c spacing |.s rrowed) the SNR is. inproved, .the netic |ayer 20
Surfadd i Ot Patf s Cofif ThAGRSHG 18Ye% habReather Beahna@ugz‘lggt%?&r?gaiéw
Accor di ng e¢ L 1\ i on; e ViNledq a t hod
of manuf a#ﬁ@ﬁgﬁg% aﬁ‘e%tg'i gﬁr(g%ugﬁlgfn%p#?ﬁlt% ﬁ%%ﬁét ?)ldpéfic udi%’g.plg?he

first stem8H9-68ThiMayal 2000 rdffeyeiveBbizemntas Horoagneictic dpstulhghiniby the
second ste of,forningﬂa magneti c recording |ayer on the underlayer,  and
the third pitng Mon dayry ein2@nar dp dhickpesapara §pGnid magnele dayecandi ng

| ayer, wh i 2 natic recor di layer ingludes a . grq.anul ar_magnetic

| ayer incﬁ%ﬁ?ﬁﬁ%gg?gggﬁaﬁgppga%ngkgﬁ?dﬁgﬁﬁgegﬁdmgﬁnﬁ§ﬁgéhﬁgﬁﬁéGHéPﬁ% grain
poundaly hetullid bbdRAANIPARSELOIDY RldkdB1dgey 4  surrounding the
ferromagneti c crystal grains, and the overcoating | ayer contains a

nonmagnetic nmetal or a nonmagnetic alloy to be diffused into the
nonmagneti c grain boundary. 5 Advantageously, the nethod further includes

t he fourtt]%rs%g%) oft enoyi ng, t he g‘\glercoating | ayer after diffusing the
nonmagnet i P “Boet¥reY Y@M oy into the nonmagnetic grain
boundary. For reducing the media noises and for realizing a high magnetic
recording density, it is necessary to minimize the grain diameter in the

25 magnetic recording layer and to magnetically isolate the crystal grains in

the magnetic recording layer without impairing the thermal stability.

However, the productivity of the above described segregation

promotion technique that deposits a Mn layer on a CoCrPt layer and



Advant ageously, the nonmagnetic netal is an elenment selected from 10 the
group consisting of (Sc) Ti, V, C, M, Cu, Zn, A, Y, Zr, No, M, Tc, Ru,
‘Rh, Pd, Ag, Cd, In, Sn, Sb, H, Ta, W Re, GCs, Ir, Pt, and Au), and the
nonmagnetic alloy contains at | east an el enent selected fromthe above
descri bed ‘group. 15 Wen the nonnmagnetic netal is an el enment selected from
the group consisting of (Sc, Ti, V, G, M, Cu, Zn, A, Y, Zr, Nb, M, Tc,
Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W Re, OCs, Ir, Pt, and Au), and the
nonmagnet iaqngalsoghe olamzinage dis hetaso goode| gineatit stalkest saveralominhsesahor e

caci |yt nBTRHB e, BTR AR, 151 e b B P IBRAER g it OGP H NG 0

|ayer. BriyibyddiE! iP!isORifdloul %P Y MpRleitidh RiBmdbidie BeRAARIAkS, oT 0SS

sectional view of a perpendi cular magnetic recordi ng nmedi um according to an
enbodi mentdepbsitéia M agdroom a260€rBt 1&ydrsteaobiatin dhrga sigesl rositptf, ggnede
coercivity. He and the thickness for, the magnetic recordi ng nedia accordi ng

to thebfirthe spRFBbet¥Ran therBegnrtintheags angdhe ﬁ?@%@?t&hr%%d%%’@ﬁﬁ%r ative
et ¢ R PRy s P Ry UG NGO B A

recor di ng dTEewa saffd’ @ NGoib® Fdieo FISNR). t i oadditioayr tHe itiee Hendofis t he
i nvention and the conparative magnetic recordi ng nedi um Fig. 4is a

tabl e |i stiragented fregndldaging etahdy, since thenmeagneticilgyer] suniaica hecomes

di spersions (err n of the .magneti G .recording nedia according to the
first thrdB ’t‘ﬂ%Y‘%’ %ﬂbﬂ}%{‘r’ﬁlgg 27 hickReSSt i on and the conparative
magnetic recording medium Fig. 5is a table conparing the signal to noise
rati ogpat the linear 10 recording densities of 400 kilo flux changes per

inch (kFCl) and 600 kFCl of the magnetic recording nedia according to the
first through Asudederibeidodiboret 1 dngheherecordiagadensitymyould charsddyr bé ng

medi um Modes. far carryi out the Inventi.pn 15 No he inveption wll be
Goscr i bed HFVistar Thded e Fpeprdins Mo GReiLA0E FHAIHE G BBRBRRRE Shewi ng
figures. Th u ; | b U fi Lblivaot I%qg,nt(;f th

exhi biting élg%%gr{'?égggﬁra@bgfﬂe dglggi %?1{3? e%etbﬁ&ﬁebﬁslgﬁg rbgf erence nu?reral S.
20 Fi g. 1 doavantiohehtichhiquesss sectional view of a perpendi cul ar magnetic
recordi ng medi um according to the invention. Referring nowto Fig. 1, the

per pendi cul ar magnetic recordi ng nmedi um according to the invention includes
at leddt a nonmagneti ¢ substrate 1, an 25 underl ayer 2 above the

nonmagnetic s P i ecar di. . . ayer 2)

and an over coauﬁ}s %&P §§§P eif 0onéi ﬁg’ ?rta{gsnge{ﬁi (gdjg(gccéﬁgiﬁ%é Y%@é&gq lﬂ%ﬁg{de d

over coat i ngabayEt récoiindanedimy adahifRterid ¢ried ekbelldit productivity and
exhibiting a high recording density.

20 Means for solving the Problems
According to a first aspect of the invention, there is provided a
magnetic recording medium including: a nonmagnetic substrate, an
underlayer above the nonmagnetic substrate, a magnetic recording layer on
the underlayer, and an overcoating layer on the magnetic recording layer,
25  wherein the magnetic recording layer is a granular magnetic layer including
ferromagnetic crystal grains and an oxide nonmagnetic grain boundary or a
nitride nonmagnetic grain boundary surrounding the ferromagnetic crystal
grains, and the overcoating layer contains a nonmagnetic metal or a

nonmagnetic alloy to be diffused into the nonmagnetic grain boundary.



overcoating |ayer 4 has been forned. A protective layer 5 nmay be fornmed on
the overcoating layer 4 and a liquid lubricant |ayer 6 on the protective

‘| ayer 6 5. For form ng a doubl e-1ayered perpendi cul ar magnetic recordi ng
medi um a soft nmagnetic underlayer 11 may be forned bel ow t he underl ayer 2.
The constituent layers will be described belowin detail. 5 Stuffs such as
an Al alloy plate provided with NiP plating and a reinforced or
crystallized gl ass plate used for the conventional nagnetic recordi ng nedia
are used for the moagneiiereordins mediom ac@inddeg dnythee frstngspectofi thenot

enpl oyed i.n nuf acturing th netic recordi iumaccording to the
Cvent | on IRBTEN dogt et amBloyo R Sovert i ot et Uof £B¢ dhigheth

pol yol ef i i : havi ng
B heagon a6 B B g e S e S et SR (e
met al s hawraimsaahé xagonabagiaiecopidekgchih didumiarg Sors b rnmimagnetie nadrédehravi ng
a face-centered cubic lattice, structure or alloys containing one of the

met al sShaBrA Bonndarycswirenading the farsemagpetic chvytal sraips. @gédn%gléﬁfté? ably

f h | 2.. Th | s, havi h l. ¢l | i
Ser uct ar o YRS m L el Ae" o BN Rk A BB IPOR nfeRURRRARKER i L °°
havi ng a fagenfitipheiRImeYsl fayedtdr ndimigheti€ allog! ger dePositéd @natid e, Cu,

Rh, Pd, Ag, Ir Pt, Au, Ni, and Co. Although the underlayer 2 is preferably
thin, the gxragularapagnetisilagennimeontriagkée tha conivertiensl CoCGyPéfmaametac f or

facilitatin ufficient, crystal gro therein, A seed |layer 12.may. be

for med. beltSRPEHRE dvitr Ph§ ebatsd afbitilniseihto he oBFFienstrfruRGL AR 1 n ¢ ne
under ligy erpodindapy 6P the BrahHldi9magHeHP 1 Syd oy ahadt F&%rpﬁé]ﬁ'&%ﬁ{eaﬁ%%n@ﬂd c
recording medium a soft nmagnetiC underlayer 11 may be forned below t he
under | ayerprantode cisolagige thheferegmegnetid lcuxstgd nminedrdmoeadh whlpretTle head.
Ni Fe alloy crystals, Sen t (FeSi Al) alloys, FeTaC m ¢rqcrystals, CoTaZr 7
m cr ocrystoé'le§coéﬁﬁlgﬂﬁ¥f3‘p'l‘?gﬁ§ r@BOéﬁP%%/’s“ &l}ﬁlﬁn%?sg ‘@g‘Z Np 54 1%%%‘8&?‘3? the soft
magneti ¢ underlayer 11. Although the optinmumthickness of the soft magnetic
underl ayer 11 changes depending on the structure and the characteristics of
the magnetic recordi ng head, the soft nagnetic underlayer 5 11 is

pref erably fr ofddddntagedosly)Gthenovercohiingnkger chasildeni ngmbhed pfoduche vi ty

t her eof . anul ar, magnetic | ayer, including ferronagnetkﬁ crystal_ grains

A

and a Monriifnetonc ofxthes npmamagefismdaetalopr theo mengragnedicadloyqantgr dhey 10
boundary W gnetic crystal grains, is used for the
magneti c ﬁg%%ﬁggﬂgﬂgg%gﬁl&ﬁﬁkggyéxanple, al | oys such as Copt and Feet) Copt
all oys and Feet alloys, to which C, N, Nb, Ta, B and such an elenent are
added, are preferable for the ferromagnetic crystal. For exanple, oxides
and nitrides of C&, Co, Si, A, Ti, Ta, H, Zr, Y and Ce are preferable for
the 15 nonnagnBYi¥e1geving BohAHaof . orashe gntire phetheaprercaptingeyierpdhe above

exenpl ary ar d. for the ferromgneti rystal qgraj and . npnagnet i c
grain boun@%grﬁ?tsl?hsé) ag%n 3° or%ar_tr%‘gga’ogﬁ%gsﬁgﬁi% rlépﬁ(?veg{r ntt_iﬁen?na%‘%glﬁne :gg al | oy
coat eChOOH_ édi@ac@fi@ﬁl&t@énélﬁgﬁﬂt tHerbfoYe) thelleeal flbaksag i@@ﬁiHiMzédlt ot he .
nonmagneti c grai n boundary w thout any hel p of annealing) 20 isolation of

the ferromagnetic grains is pronoted, and the nedia noises are reduced. The
materials for the ferromagnetic crystal grain and the oxide and the nitride

for the nonnagReti G.qrain_boundary ar li.mted to.1hose descri hed
above. For obt S Bep pnandfalehnthd Rvellohy shOR HEPUddrE
necessary ethddeofc ¥hafRtuting @O mhysdtid RRVrdishgd Mekiat®Nahe CndEBodS
packed lattice structure to orient in perpendicular to the recording plane
of the nedingndingy the fited stepmaffermmgremalwndsclaytir, abhgveCa, nvhma@netizn, Al ,
b 2ol D ctate; tRe” sdcond Step OF forminga mignotic racordiig 1ayer on The
underlayer, and the third step of forming an overcoating layer on the
magnetic recording layer, wherein the magnetic recording layer includes a
granular magnetic layer including ferromagnetic crystal grains and an oxide

nonmagnetic grain boundary or a nitride nonmagnetic grain boundary



nonmagneti c alloys containing at |east one of Sc, Ti, V, C, M, Cu, Zn,
A, Y, Zr, No, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W Re, Gs,
‘Ir, Pt, and Au are used for the overcoating |ayer 4. The atons in the
overcoating |layer 4 diffuse into the grain boundary in the magnetic
recordi ng Tayer 3 and reduce 5 the magnetic interacti on between the
ferromagnetic crystal grains in the magnetic recording |layer 3. The
overcoating layer 4 is preferably 10 nmor |ess in thickness for narrow ng
t he magnetsherosyaling gthee fevvemasmeticagrystalc ghaing, and the owegeeating dayey di ng
medi um 10 Fur.ther for i .OVi the SNR (signal ,,to.nQis at ho

Char act er PRFHLS Sonosiinp eBPhig MARL B G noEn e aib? B SeliBbShta s 1 ayer
4, left widhwdoRRidgraGhbouagdrynto the nonmagnetic grai n boundary of the
magnetic recording layer 3, may be renoved by etching. The renpval of a

part of or the entire of the residual overcoating layer 4 facilitates
reduci ng the magnetic spacing 15 and snoothing the surface of the nmagnetic

Gt ohi ng) i on HASVHEAEAPIarkhes JEFCHAN duEseny IRGLHRS ot ROERH Rt A
containin ' [ - geS - f | | ayer
. por f LOSRBSE U8 phb o IR 150 BP ANEP HifRaitiihe MiprhEncile RIARPE HHE | T
the |iqui chdnuiagroaid alley aitoGhediormibgk tiegiandoundarynvent i on Now t he
invention will be described nore in detail hereinafter with reference to
t he acconpanied drawing figures which illustrate the preferred enbodi nents
of the invention. 9 First enbodinent (El1) A flat and snmooth chemcally
rei nforced gl : i rp.)
o Used as o rEMvALRRROE, Sh hriRaZetty SR o OB feng RORLIAY frok
subst nat e the droagednkiztimgvel(BenTEvOer Maf, Gu,3Zis,pAL, tErZn Nipday IepRuand a
soft magnetic_under| ager is formed bﬁ‘ sputtering using a Co5Zr9Nb. target,

A

5
resul ting Ry Bdcdym Nodsdnt Smaghet HE FaddV) ReerOs,ThHe Flesand iAy, @ Ke sof t

magneti c underlayer i$,.300 nm.in thickpess. ,Then, a,see en. i s+formed
uang o nEhadtic Aoy Suffind ot lehy R clens HRERE Ao 0p gt
under the q¥sceiBedRr&gsUre of 5 mforr, 10 resulting in a N Fecr seed |ayer.
The resulting Nl FeCr seed layer is 10 nmin thickness. Then, an underl ayer

is formed using a Ru target under the Ar gas pressure of 30 niforr,
resulting in a Ru underlayer. The resulting Ru underlayer is 20 nmin

t hi ckness. Th a netic recording, Layer js faqrned b uttering using a
15 52(801 Oor 16Mhe R thg Bopmagetic. Bl ingh HlemetcelecgBom e g
recording oﬂél‘%rtingr-rﬁl‘;(ngc,ew,lv,' 08, MO 731, M4, FagrenLs MECR, RiORh aygrags 20

nmin thickness. a M overcoating layer i1s formed under the Ar gas
pressure ofd3m,B8grSh, Hh&'a, WcReebs, i, RtheniVAwy amdodie mepageetic allopanged
froml1l nmto 20 nm Finally, a carbon protectjve |layer of 8 nmin thickness
20 15 forrRoBtamTent 19as amelomeRt pelepiad &om the abavkidescrihed: gy 8o acuom
chamber. T, | 30T ghol I s - di Rf9athid9 th

resul ting %Br?])ﬁ%is chraﬁéjoé&gpo ye%iﬁg?l? rl q@%gﬁ?ﬂdgr |a ggqufg%sgr &%ﬁg resul tieng
per f | wor opdryrahpaetit geaintbdwiiddrgafithe granulay Magnetio layerckness. Thus,

doubl e- | ayered perpendi cul ar magnetic recording nmedia E1 according to the
25 first enbodi nent are obtained. The nmagnetic recording layer is forned by
RF magnetron sputtering. The other |ayers except the liquid |ubricant |ayer
are fornme r i cond enbodi nent (E2) 30

Doubl e- 1 a%?éﬁ%é%gﬁgu}‘&g?lég%éﬁé ir}gig}%%or di ng nmedia E2 according 10 to
t he second enbPil.Meid aaschefrtitid e Gettiondlevieansf agpurpendiuldemagnetic

doubl e-l ayered_perpendi cul ar magnetic recordi ng nedia according to the
first emboeficardinganedinm wgeerdmg te ansspbsdimamtoidheingertipy. | ayer according

to the second embqgi nent Third odiqtent (E3 ubl e- [

ot pord cur e IR St oPouiVel o TATRSE HEE ertbiity BRUAG RhEYRIcRRess for o
are fa_bri Cﬁiéadmia%nbﬁ% Ye6d diRg Neledda Ta@@ox‘a%@' Eo' ﬁh{@rﬁﬁlsﬁoeﬁ}ﬁ'@ﬁghmﬂhﬁﬂ
magneti c recording media according to the 10 first enbodi nent excegt t hat

Cu i s usedembodirthentsvef ctdmt iingentayreramt adedcompparative magnetic recording

medium.



to the third enbodi nent. Fourth enbodi nent (E4) Doubl e-1ayered

per pendi cul ar magnetic recording nmedia E4 according 15 to the fourth
‘enbodi nent are fabricated in the same manner as the doubl e-1ayered

per pendi cul ar magnetic recording media according to the first enbodi nent
except that a NMh overcoating layer of 3 nmin thickness is fornmed and the
WMh overcoating |ayer is renoved by Ar plasna etching according to the
fourth enbodi nent. 20 Conparative exanple (Cl) Conparative double-| ayered
per pendi cul ar HiggResi& seleebeurves redatingntbe normalivedemedin naiseRanshthe nanner

as the doyhl e-| ayered,per.pendi cul ar_nmagneti c recordi ng nedi a,.accorging to

the first LEHANE AeRabEs iR the mABHRG, afeblifh s R o B B e 0s e

in the conpag %‘r&ﬁ%ﬂ%ﬁkﬁi | 365 Beh s PEN € Uh@EniTBANSAA CtheCESaPhRgtivEedi um

Eval uation First, the evaluation results on the nmagnetic characteristics of
the 11 mggetticremecding mgdivedi a E1 t hrough E3 according to the first

t hrough third enbaodi nen nd., t he conparatiye magnetic recording,medjum Cl
wil | B8 descr i d A8 Iouable N tiagotha TROESK e ALNERT St AR SRE ARG 1 er s

of the Kerg ef. . Fi i . .rel ati-ng coerciwities
e and ¢ hreriichasion 5 %ol b she dbeftuc HKaRig fRdidtnid iRt
accor di ng i@t t{ohkhSthitd’ mBbdihents SFOHY TR iGN A& heOtBRbalratite
magneti c recordi ng medi um C1. The squareness ratio S of the magnetic

r ecor di ng megnetid fecacdionginedivmw. t he first through third enbodi nents and the
conparative netjc recording mediumis 1.0.. The coercj.vitie of the
magneti c recordieng fed glakr’]ﬁcf’ Pﬁb‘n&nnhb‘?/éf%tYOnQ‘OfS&“yE"f‘tl%@&ré\elr_l‘gnPﬁrt he
first yhhr 1Dk e nSRRA BRI Bild TRy it

coer cilgi tg}lé %@dg?gtdgg corrgdar at | glelarrfg’lgﬂn%@é‘? cegflgleﬁgp gecg?jﬂp}\ﬂ d‘Ptg)teHFCI of
coerci vi tithe hieagfeticncrecasding trhediacrarasrdiggt o ckinesfirsif thiveugly efourth i ng

| ayer and rea&g the respective max| num val yes between the thickness 3 nm
and the t HBReigents gndder qoampRratsanpggetayesardingmedivmoy i si on of an
overcoating | ayer inproves the coercivity Hc. 20 Fig. 4 is a table listing
the magnetic cluster size dianmeters d [nm and the dispersions Q [nn] of
the magnetic recordi ng nedia, each including an overcoating |layer of 3 nm
i n thi cknedsdesforaagiyiggtonttthe Ihiveatiohhr ough third enbodi ments and the
conparative magneti¢c recording medium The magnetic¢c cluster sizes are

obt ai Héd from NRW fhgnanvention cwilli beodesgibedsin Matpilndieseinafiert 18R t he

Cldstor siSttabafoeorae o AT { it BpURTT T koo tEaRE ™! ©
magneti c rgewredi fith foERuLAE bl&ﬁmsaékmuﬁﬁfgafﬁﬁim haelonRGaerdlisighdted t he

first through third embodi nents are nuch snaller than the magnetic cl uster
si ze di andiethalsdmaijreferdnchpunerals.

20 Fig. 1 is a schematic cross sectional view of a perpendicular magnetic

recording medium according to the invention.

Referring now to Fig. 1, the perpendicular magnetic recording medium

according to the invention includes at least a nonmagnetic substrate 1, an

25 underlayer 2 above the nonmagnetic substrate 1, a magnetic recording layer
3 on the underlayer 2, and an overcoating layer 4 on the magnetic recording
layer 3. The overcoating layer 4 may be removed by etching after the
overcoating layer 4 has been formed. A protective layer 5 may be formed on

the overcoating layer 4 and a liquid lubricant layer 6 on the protective layer



di spersion 6 [nm of the conparative magnetic recording nedium This
indicates that the atons in the overcoating |layer diffuse into the grain
-boundary of the CoCrPt-Si 02 magnetic | ayer and pronotes magnetic isolation
of the magnetic grains. 5 Next, the evaluation results on the nagnetic
paranetri ¢ performances of the magnetic recording nmedia E1 through E4
according to the first through fourth enbodi nents and the conparative
magneti c recording medium Cl will be described below. 10 Fig. 3 is a set of
curves r elatHomforming ardmililedayenedi penpendimilab tegnedict resarding mediumt i on

results on t magneti c_paranetric performanc nd. .t he |inear ree¢qrding
Gonsi ¢ | eq o S FHASHERS B RTED L TG e R E B O Eh e g T e vr st | oo
ayer of BoRitbrilhgddsil baacekibaWbbRW fiPadisiet 15 through fourth -
enbodi ments and the conparative magnetic recorgi ng nmedi um C1. The magnetic

parametric performances are neasured by a spin stand tester using a giant
magnet oresi stive (GVWR) head. As Fig. 3 clearly indicates, nmuch | ess

normal i zed nedi a noi ses are caysed in the magnetic.recordi ng.nedi a

i ncl udPng an gﬁ@@o&%ﬁh@ﬂ aye?\Ta% &F dlate pEoYHeds Fith Nig Bngrandd t h
enbodi nent s. in.t ] i ye nef. i di [ i ng
the mgneriRag, by oS @HRA Bskep R EME 57 RRE L BRI m kR

enbodi mentrgcoviding emelidtdier usédefor €Xé Sichagestial subserdtel af iSincdedwyeen t he

dianeter d and dispersion (err) of the magnetic cluster size and the

nor mal i zedeabiiga skr1l §&. noth egeplayed ihenawisgturieg thedimagnstie regrdisdnes

| oner from té;e rra%neti c re%or(%'hng .rredifm acc]gar ?.i n% tbo tt%e t hi r}g erébodi ment
exhi bi ti ndn? MR 98¢ ﬁlbn% % t'R& H‘B&ﬁ’él%’ r BESHGi d’l ﬁ%’iﬁ G SC0€0r & ngato t he
first j9mbefhly@RboRxd Platé BAdSABbIyRefin PteSmay !/t egéapformre%nmagn@m@mt ed
magnetic grain isolation facilitates reducing the nmedia noi ses. The

nor mal i zedsubstliage doi se in the magnetic recordi ng medi um 13 according to
the fourth enbodi nent, the overcoating |ayer thereof is etched off after
its formation, is further reduced as conpared with the normalized nedi a
noi se in the magnetic recordi ng nmedi um according to the first enbodi nent.
The further rcgiuead RV |7 CHofRilindl Nelose. pkhoe 1ARARE W FuctuFeCAdya0

medi um according to the urth diment is attributable to the |arge
i ncrenent cohtdiméngudmputofs tlymametalse hhwvinghea rlepagbhal sypesei popcked r awtde by

etching off the overcoating. layer. Fig. 5 js a table conparing the SNR s at
the | ilgearStF‘é‘ttb‘F‘%}i H{ftﬂgnbﬁﬂ% aléa‘@fcequg FB&PI ﬁ%@t’@ﬁa%nggt‘gérmi ﬁi‘ﬁyf kKFCl)
and 600 kE . i of. i i [MalH ¥ i hr ough
Fourth ensoanibe SRRl uhaROBALRE HIELEARRRLE il Biklaf, bl NS00
are obt ai nad tyedypadfetiblpoforhtheragdeflageP @ RS mMatapehboin@achsxagoriahe

simlar manner as the normalized nmedia noises. By virtue of the higher He
and | over Giessi packsdlattiessstrugureNrelnden forexamplee TilcZy, dbwr dnnkc. mawd Be-

accordi ng the first throu hir i e e Lhel udi a
overcoati n']g}?‘f ax;lllgpa,‘lsa ViR 1 %ﬁ%gﬁnﬁﬂggb? ICSRﬁEﬁ}Cﬁ ?ﬁ@cclt:%%pgg% I \?énfr?ﬁgneti C
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the magnetic recordi ng medi um according to the fourth embodinent,  the
over coat i ng breferahinethinf the ndexlayiexs 20of Hhfnrarox tthidkernin itbickngse iR gher

than the SNR,s i he netic rgcordin di um acgording,to the firgst
enbodi rrentpre’f‘?ﬁﬁ‘b?e rqr f?ﬁngl%g}g égﬁfql?%@%'ts B @}ﬁfﬂﬂ' %fseFﬂgaS?/reﬁ%oat ing
layer is vighy 1f foblel16® tARL G dbriaytird €S impFovetheRhyYtil e DrifAAtbAT
magnetic |ayer for the magnetic recording | ayer and by depositing an

over coat i ngr theyenderbaydre?.gr anul ar magnetic recordi ng | ayer as descri bed
above, the atons in the overcoating |layer diffuse into the grain boundary
of the granular nmagnetic |ayer and pronote isolating the ferromagnetic
grain ?@rystal s in the magnetic recording |layer fromeach other. 14 Si nce
this schenme do n g Y, ' tr [ di ng
medi um accor di ﬁgrtgﬁttaﬁlg%%n\%n%@@r}g?é&%%gu a?@%ﬁ?@guﬁr{‘ﬁng@gﬁ e{r:ﬁ(:[)%ﬁ%
product i viingdidihe asafinabhigactie anrdédirhiyerddi may declortheddhdlowt the wmdeatdayern
facilitates reducing the magnetic interactjon therein, reducing the nedia 5
noi ses and2tesgpnyengg thenngaBetie duwy grungatrchfony a mpgpetic hepd. kﬁFﬁiailoxnt f or

t he overcoati | ayer be .NH or S i ~ckne: g }
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obtained by etching off the overcoating layer after its formation
facilitates further inproving the SNR apd obtaining a higher recording
density. 10 Advantageous Effects of the Invention As described above, the
magneti ¢ recordi ng medi um according to the



i nvention includes a nonmagnetic substrate, an underlayer above the
nonmagneti ¢ substrate, a magnetic recording |ayer on the underlayer, and 15
‘an overcoating |ayer on the nagnetic recording |ayer, wherein the magnetic
recording layer is a granular magnetic |layer including ferronmagnetic
crystal grains 'and an oxi de nonmagnetic grain boundary or a nitride
nonmagneti ¢ grai n boundary surroundi ng the ferromagnetic crystal grains,
and the overcoating | ayer contains a nonnmagnetic netal or a nonmagnetic

al l oy to 20idrecuyistdlssud amoophtus Gormltayseuich agrGoZrNy anelasgd faheheasaftrs

coated on the gr.anul ar .magnetic .recordi | ayer diffuse into the grgin
boundar v AIAEpFORoRBALETEr  Hy AlRie dheoRtbmuttyy jHikneg: cotneie S cach
ot her. Th i i i a i; LOUEAI08nlS

manuf act u?gg&g\ngﬁh gﬁaglgggﬁ g?llt ra;{ry(#:%t %ﬁ%lsdﬁ%hte)ﬁrrggﬁe%@g r ecor'agiunéﬁgredi um
accor di ng dimrabteristicsnf itha nhagndtid pdoesdimgderid) ght keftrmdigactionsweriaydr

real i zi ng a higher recorgri ng density. 15 Clainsg What is clained is: 1. A
magnet i5c r Bk ofdPEferally utrosb il i ’mndo a00 onmadnethickBesss consideriyng, the

under | ayer I%Ia%ﬁvitgeihgg&r{agneti Cc substrate, a magnetic recording | ayer on
t he underl%yer, and an overcoating | ayer on the nmagnetic recording |ayer,

wherein the magnetic recording |ayer conprises a granular magnetic |ayer
conprising ferromagnetic crystal grains and a nonnagnetic grain boundary 10
conprising an oxide or a nitrjde sunroundin% the ferromagnetic crystal
grains, and thd greandaamaggetigyayesonphiding fermnraengtist rystadigrping and

e magnet cApbRenbre  pkide, R aM. dRifaty o S8 A, APRRlaErEFR) Riffad (@atn >
over cogt i Ngodradéy B&ﬁro_ﬁ%ﬁih% aieV & rémaghetieordst{lugtAnsOfis t i dgsyaEget i ¢

metal or the nonnagnetic alloy into the nonmagnetic grain boundar%:. 3. The
magnet i ¢ rmagndtingresextling layevrdli Rgr texagipde mallops shichwhe iRt ahd FePt,
nonmagnet i tal comprd s€s ,an el ement | ect omth roup gonsi sting
o (Ser o1t Gl aftpyS RRE el afEsnpo Wy, R, Ry Tor ng st At omegt oo
In, 20 Sn, 3¥Paddlld, ak@ pridferBSie £ the" forfd i\yst AN TS RPPITRGRfIek C

al | oy corrparli ses an el ement sel ect ed fegonqlgglﬁ%ht heysgroup. 4.aq§ﬂrrét hod of
manuf act ur and nitridemneft Ce, CecSr, dilnd'inEd) Hf) Zx,ormanidsCagre tpreferabkt fostthp of

form ng an underl ayer ahove a nonmagnetic substrate, .the second, step of
form n a wgnégpe%/lﬁ cBEHB| ﬁ@un@w- qufe ags theygeaterjels, dgperibek ahoved st ep

the magnett L nEEhGARE Nhed™iBE Mo  JEnTRBICLR | GORAL Wi ChndBARER, O, 10
f er r omagnepogmagnstial graiibeundady athe aemeesf thd hdnmbmetitametal or the
nonmagnetic alloy coated on the granular magnetic layer are diffused easily
into the nonmagnetic grain boundary without any help of annealing,
20 isolation of the ferromagnetic grains is promoted, and the media noises are
reduced. The materials for the ferromagnetic crystal grain and the oxide and
the nitride for the nonmagnetic grain boundary are not limited to those
described above. For obtaining a perpendicular magnetic recording medium,
it is necessary for the c-axis of the Co crystal having a hexagonal close

25 packed lattice structure to orient in perpendicular to the recording plane of

the medium.

Any of the nonmagnetic metals Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, Nb,
Mo, Tec, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, and Au or



conprising an oxide or a nitride surrounding the ferromagnetic crystal
grains, and 5 the overcoating |ayer conprises a nonmagnetic netal or a
‘nonmagnetic alloy to be diffused into the nonnmagnetic grain boundary. 5.
The met hod according to Claim4, further conprising the fourth step of
renovi ng the overcoating |ayer after diffusing the nonmagnetic netal or the
nonnmagnetic alloy into the nonnmagnetic grain boundary. 10 6. The magnetic
recordi ng medi um according to Claim4 or 5 wherein the nonmagnetic_netal
conpr i ses nonmagneasin aldetscconsaining mt deastgmeuef So Wi ¥t Caghbt, ¢Qecnml, YV, o,

Mh, Cu, Z , r,o N C, , n,~ S , , Ta,

W Re, Gs, M1, Py ! h neti ¢ al oy’ 'se’s enment
2o, N, o, T rhn. Bit A O prtnats TR SdesPhipnd

sel ected Ay akEd AN RdPeoatmfhyé? 41 The atoms in the overcoating layer 4
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is conducted by Ar plasma etching, ECR plasma etching, ion beam etching

M

and such an etching technique.

A thin film containing carbon as its main component is used for the

20 protective layer 5.

A perfluoropolyether lubricant and such a liquid lubricant are used for

the liquid lubricant layer 6.

25 Embodiments of the Invention
Now the invention will be described more in detail hereinafter with
reference to the accompanied drawing figures which illustrate the preferred

embodiments of the invention.
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First embodiment (E1)

A flat and smooth chemically reinforced glass substrate (N-5 Glass
Substrate supplied from Hoya Corp.) is used as a nonmagnetic substrate.
After being cleaned, the glass substrate is loaded in a vacuum chamber of a
sputtering apparatus and a soft magnetic underlayer is formed by
sputtering using a Co5Zr9Nb target, resulting in a CoZrNb soft magnetic
underlayer. The resulting CoZrNb soft magnetic underlayer is 300 nm in
thickness. Then, a seed layer is formed using a Ni15Fe5Cr target, which is a
Ni-based soft magnetic alloy target, under the Ar gas pressure of 5 mTorr,
resulting in a NiFeCr seed layer. The resulting NiFeCr seed layer is 10 nm
in thickness. Then, an underlayer is formed using a Ru target under the Ar
gas pressure of 30 mTorr, resulting in a Ru underlayer. The resulting Ru
underlayer is 20 nm in thickness.

Then, a magnetic recording layer is formed by sputtering using a
92(Co10Cr16Pt)-8Si0:2 target, resulting in a CoCrPt-SiO2 magnetic
recording layer. The resulting CoCrPt-SiO2 magnetic recording layer is 20
nm in thickness. Then, a Mn overcoating layer is formed under the Ar gas
pressure of 30 mTorr. The thickness of the Mn overcoating layer is changed
from 1 nm to 20 nm. Finally, a carbon protective layer of 8 nm in thickness
is formed. Then, the laminate formed so far is taken out from the vacuum
chamber. Then, a perfluoropolyether layer is formed by dip-coating,
resulting in a perfluoropolyether liquid lubricant layer. The resulting
perfluoropolyether liquid lubricant layer is 2 nm in thickness. Thus,
double-layered perpendicular magnetic recording media E1 according to the
first embodiment are obtained. The magnetic recording layer is formed by
RF magnetron sputtering. The other layers except the liquid lubricant layer

are formed by DC magnetron sputtering.

Second embodiment (E2)

Double-layered perpendicular magnetic recording media E2 according

10

10%
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to the second embodiment are fabricated in the same manner as the
double-layered perpendicular magnetic recording media according to the
first embodiment except that Ta is used for the overcoating layer according

to the second embodiment.

Third embodiment (E3)

Double-layered perpendicular magnetic recording media E3 according
to the third embodiment are fabricated in the same manner as the
double-layered perpendicular magnetic recording media according to the

10 first embodiment except that Cu is used for the overcoating layer according

to the third embodiment.

Fourth embodiment (E4)
Double-layered perpendicular magnetic recording media E4 according
15 to the fourth embodiment are fabricated in the same manner as the
double-layered perpendicular magnetic recording media according to the
first embodiment except that a Mn overcoating layer of 3 nm in thickness is
formed and the Mn overcoating layer is removed by Ar plasma etching

according to the fourth embodiment.

20
Comparative example (C1) '

Comparative double-layered perpendicular magnetic recording medium C1
is fabricated in the same manner as the double-layered perpendicular
magnetic recording media according to the first embodiment except that any

25 overcoating layer is not disposed in the comparative double-layered

perpendicular magnetic recording medium.

Evaluation

First, the evaluation results on the magnetic characteristics of the

11
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magnetic recording media E1 through E3 according to the first through
third embodiments and the comparative magnetic recording medium C1 will

be described below. The magnetic characteristics are measured in terms of
the Kerr effect.

Fig. 2 is a set of curves relating the coercivities He and the thickness
for the magnetic recording media E1 through E3 according to the first
through third embodiments and the comparative magnetic recording
medium C1. The squareness ratio S of the magnetic recording media

10 according to the first through third embodiments and the comparative
magnetic recording medium is 1.0. The coercivities Hc of the magnetic
recording media including an overcoating layer according to the first
through third embodiments are improved as compared with the coercivity
Hc of the comparative magnetic recording medium. The coercivities Hc

15  increase with increasing thickness of the overcoating layer and reach the
respective maximum values between the thickness 3 nm and the thickness 5
nm of the overcoating layers. Thus, provision of an overcoating layer

improves the coercivity Hc.

20 Fig. 4 is a table listing the magnetic cluster size diameters d [nm] and
the dispersions ¢ [nm] of the magnetic recording media, each including an
overcoating layer of 3 nm in thickness, according to the first through third
embodiments and the comparative magnetic recording medium. The
magnetic cluster sizes are obtained from the magnetic force microscopic

25 (MFM) measurements of the magnetic recording media demagnetized by AC
demagnetization. The magnetic cluster size diameters d [nm] and the
dispersions o [nm] of the magnetic recording media including an
overcoating layer according to the first through third embodiments are

much smaller than the magnetic cluster size diameter d [nm] and the

12
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5
Next, the evaluation results on the magnetic parametric performances
of the magnetic recording media E1 through E4 according to the first
through fourth embodiments and the comparative magnetic recording
medium C1 will be described below.
10

Fig. 3 is a set of curves relating the normalized media noises obtained
from the evaluation results on the magnetic parametric performances and
the linear recording densities for the magnetic recording media, each
including an overcoating layer of 3 nm in thickness, according to the first

15 through fourth embodiments and the comparative magnetic recording
medium C1. The magnetic parametric performances are measured by a spin
stand tester using a giant magnetoresistive (GMR) head. As Fig. 3 clearly
indicates, much less normalized media noises are caused in the magnetic
recording media including an overcoating layer according to the first

20 through fourth embodiments than in the comparative magnetic recording
medium. Comparing the magnetic recording media according to the first
through third embodiments with each other, there exists a certain
correlation between the diameter d and dispersion o of the magnetic cluster
size and the normalized media noise. In detail, the normalized media noise

25 becomes lower from the magnetic recording medium according to the third
embodiment exhibiting larger d and o to the magnetic recording medium
according to the first embodiment exhibiting smaller d and o . In other

words, the promoted magnetic grain isolation facilitates reducing the media

noises. The normalized media noise in the magnetic recording medium

13
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according to the fourth embodiment, the overcoating layer thereof is etched
off after its formation, is further reduced as compared with the normalized
media noise in the magnetic recording medium according to the first
embodiment. The further reduced normalized media noise in the magnetic
5 recording medium according to the fourth embodiment is attributable to the
large increment of the output signals due to the magnetic spacing narrowed

by etching off the overcoating layer.

Fig. 5 is a table comparing the SNR’s at the linear recording densities

10 of 400 kilo flux changes per inch (kFCI) and 600 kFCI of the magnetic
recording media according to the first through fourth embodiments and the
comparative magnetic recording medium. The SNR’s are obtained by
evaluating the magnetic parametric performances in the similar manner as

the normalized media noises. By virtue of the higher Hc and lower media

15 noises, the SNR’s in the magnetic recording media according to the first
through third embodiments, each including an overcoating layer, are much
higher than the SNR in the comparative magnetic recording medium that

does not include any overcoating layer. The SNR’s in the magnetic recording
medium according to the fourth embodiment, the overcoating layer thereof

20 is etched off after its formation, are higher than the SNR’s in the magnetic
recording medium according to the first embodiment. Thus, it has been

confirmed that the removal of the overcoating layer is very effective to
obtain a higher SNR.

25 By using a granular magnetic layer for the magnetic recording layer
and by depositing an overcoating layer on the granular magnetic recording
layer as described above, the atoms in the overcoating layer diffuse into the
grain boundary of the granular magnetic layer and promote isolating the

ferromagnetic grain crystals in the magnetic recording layer from each other.
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ince this scheme does not need any annealing treatment, the magnetic
recording medium according to the invention is manufactured with excellent
productivity. The magnetic recording medium according to the invention
facilitates reducing the magnetic interaction therein, reducing the media
5 noises and realizing a higher recording density. Since it is sufficient for the
overcoating layer to be 10 nm or less in thickness, the magnetic spacing is
prevented from being widened. A narrower magnetic spacing obtained by
etching off the overcoating layer after its formation facilitates further

improving the SNR and obtaining a higher recording density.

10
Advantageous Effects of the Invention
As described above, the magnetic recording medium according to the
invention includes a nonmagnetic substrate, an underlayer above the
nonmagnetic substrate, a magnetic recording layer on the underlayer, and
15 an overcoating layer on the magnetic recording layer, wherein the magnetic
recording layer is a granular magnetic layer including ferromagnetic crystal
grains and an oxide nonmagnetic grain boundary or a nitride nonmagnetic
grain boundary surrounding the ferromagnetic crystal grains, and the
overcoating layer contains a nonmagnetic metal or a nonmagnetic alloy to
20 be diffused into the nonmagnetic grain boundary. The atoms coated on the
granular magnetic recording layer diffuse into the grain boundary and

promote isolating the ferromagnetic crystal grains from each other.

The magnetic recording medium according to the invention is
25 manufactured with an excellent productivity. The magnetic recording
medium according to the invention facilitates reducing the media noises and

realizing a higher recording density.
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an underlayer above the nonmagnetic substrate,

a magnetic recording layer on the underlayer, and
an overcoating layer on the magnetic recording layer, wherein
the magnetic recording layer comprises a granular magnetic layer
comprising ferromagnetic crystal grains and a nonmagnetic grain boundary
10 comprising an oxide or a nitride surrounding the ferromagnetic crystal
grains, and
the overcoating layer comprises a nonmagnetic metal or a nonmagnetic

alloy to be diffused into the nonmagnetic grain boundary.

2. The magnetic recording medium according to Claim 1, wherein the
15  overcoating layer has been removed after the diffusion of the nonmagnetic

metal or the nonmagnetic alloy into the nonmagnetic grain boundary.

3. The magnetic recording medium according to Claim 1 or 2, wherein the
nonmagnetic metal comprises an element selected from the group consisting
of (Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In,
20 Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, and Au), and the nonmagnetic alloy

comprises an element selected from said the group.

4. A method of manufacturing a magnetic recording medium, comprising:
the first step of forming an underlayer above a nonmagnetic substrate,
the second step of forming a magnetic recording layer on the

25 underlayer, and

the third step of forming an overcoating layer on the magnetic

recording layer, wherein
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5. The method according to Claim 4, further comprising the fourth step of
removing the overcoating layer after diffusing the nonmagnetic metal or the

nonmagnetic alloy into the nonmagnetic grain boundary.

10 6. The magnetic recording medium according to Claim 4 or 5, wherein the
nonmagnetic metal comprises an element selected from the group consisting
of (Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In,
Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, and Au), and the nonmagnetic alloy
comprises an element selected from said the group.
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