-, e3ejjl FP6Tgroi t ~ " ' ' , *@0002* Perpendicul ar Magnetic Recordi ng
.Medi um Technical Field to which the Invention Pertains The p

?invention relhtes to a perpendicul,ar magnetic recording medi {mﬂmm““mulwm)e
-installed in various nmagnetic recordi ng apparatuses. Prior Art *c%gpanying
increases in capacity of magnetic disk recordi ng appar at uses, t heP® have
been hei ght ened demands to increase the recording density of nagnetic
recordi ng mediBerpEndikabgt t Maljieai cTRgRetding atatidimng nmet hod occupi es t he
mai nstream anong conventional magnetic recordi ng nethods, but recently the
per pendi cul ar magnetic recording nethod has started to attract attention as
art for increasing the recording density of magnetic recording. The
constituent eltawhmisadf Faepdripemndiichl dhe nbrigresitiionr ®eotdimg nmedi um i ncl ude a
magnetic recording |ayer of a hard nagnetic material, and a under | ayer
formed froma soft Whgmaeisenteitrareingliontrstlaltas o e @eapehdiont@antmegnenic
magnetic flux generated by the magnetic head used in recording into the
magneti ¢ recordiaeydiagemeddumpthsentanm GoCinsygld eal lioy vamjisnual megeeti¢ mi s
predom nantly used as the material for the magnetic recording |ayer used in
a per pendi cul areavagheti sppacatruliesy medi um Wth such a film the maxi num
val ue of the coercivity (Hc) is about 4000 Ce at present, but to further

i ncrease 1 r 1 i the recording density it is necessary to further

i ncrease Hc However, there are technical difficulties in fulfilling this
demand. On t hePwio¥eArkand, a rare earth - transition netal alloy anorphous
filmthat is used as a materjal for nmagneto-optical recording has a high
per pendi cul ar rmagnefFecERABHING P FHISeANt L IKUC2RATRE Terke Mgt iendi gk
promsing as a material for the magnetic recording |ayer of a perpendicul ar
magneti ¢ recortfiGegdipdi dpRa 1NSESr , thar erdiier Segpt hebghteanast depgnda to
conposition close to the conpensation point is used, and He for such a
conposi ti on i stnEgRsisler &bFe FafFgedinthandeiid the fquitteemesfica FAceFddnd for
per pendi cul ar magnetic recording, and hence it is problematic to use such a
rare earth - tedhsi-t i Bt dengitafiedl afBepRbLE eCATasna Hriheenarewpiss

magneti c recording ) . ] )
the mainstream among conventional magnetic recording

methods, but recently the perpendicular magnetic recording
method has started to attract attention as art for increasing
the recording density of magnetic recording.

The constituent elements of a perpendicular magnetic
recording medium include a magnetic recording layer of a hard
magnetic material, and a under layer formed from a soft magnetic
material that has a role of concentrating magnetic flux
generated by the magnetic head used in recording into the
magnetic recording layer. At present a CoCr type alloy
crystalline film is predominantly used as the material for the
magnetic recording layer used in a perpendicular magnetic
recording medium. With such a film, the maximum value of the

coercivity (Hc) isabout 4000 0Oeatpresent, but to further increase
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-mediumas is. Problens to be Solved by the Invention A Co type alloy
crystalline magnetic recording material, which is predom nantly used at
spresent, has & celunmar structure ,in which the crystal grains growin the
-filmthickness direction, and this is one main cause of noise originating
fromthe nmediumduring recordi ng and pl ayback. As the recording density is
increased in the future, the influence of the crystal grain boundary on
recorded signatise Wddoraang densdagotintid atecaskargeto @udthar gbicyasROHt] ON.

To counteract this, attenpts are being nade to reduce the 2 1. 111
i nfl uence by fosweranphtachrakag tdtndeydt ai £ @i Itisiszen Vel Vf STk, thug i f
the crystal grain size becones too small, then the thermal stability of the

recorded si gnadlembeteri orates abruptly, and in cases a so-called "thernmal
fluctuation' problemin which the recorded signal vanishes may arise. On
the other hand, in Onetbasehelrabamd,r &r eaearddrtht + ansirtsiiddonetattalabloyy

anor phous filmis used, due to being anorphous, crystal grain boundaries do
not exist, andamermeushéiabovetpiebhiesd dees materrals €or Hoawnedro-opedaase
crystal grain boundaries do not exist there is nothing to act as a nucl eus
to keep a wi ttespligigal hasn pkade,ghandréaperalitdudre irmgaepioblaersohabpy he
signal may shift or vanish. In particular, this phenonenon is prone to
occur when recoenttatakuhiegh Hengguehe prtaemde iepcemt it as s mapeoidlefirt hat a
rare earth - transition nmetal alloy anorphous filmcannot be used as is as
a material fortlperpeguéttid arepmetiard clayxor di ng werdengiinsléor magoetadsed
recording density. In view of such problens, it is an object of the present
invention to presdumdng pediaendi dakavenagbet hegretoraitigafedegnrdtear ding to
which there is no shift or loss of witten signals even in the case of a

hi gh recor di ngcernsityionncldre Fartdhecaempensatiignspeinh inetsdd,.aknhdyHcafior phous
film and noreover productivity is excellent. 3 Means for Solving the
Probl ens Regar #i ¢y at hrempriddion s aomsidarabbe dietrgen thaththa bbjreqauirede
invention disclosed in claiml is a perpendicular magnetic recordi ng nedi um
conprising at Pedasmaiesdrl fr?égﬁ@FP%n%rRi&arl mygretim resredingi @nd hayee, a
magnetic recording |layer, a protective |layer and a |liquid lubricant |ayer
bui It up in orHerisoRprabherdekhdri S8 ubsdlr 4t sareRatddt er Frarsitionhietahe
magnetic recording layer is constituted froma rare earth - transition
metal alloy andkihoudmprPhpuantlidt dedstPedwengicyiar Zragngticyregprdimg Cr,
M, W B, Al, Cand Si is contained in the rare earth - transition netal

al | oy anor phoudediummaswiiéh the form of existence thereof being that it is
uniformy dispersed through the rare earth - transition netal alloy

anor phous film Moreover, the invention disclosed inclaim2 is a

per pendi cul ar magnetic recording nmedium conprising at | east a soft nmagnetic
under | ayer, a?F‘?qﬂteé}‘r’réﬂi beeSeLyad byy thegiRYertia®cordi ng | ayer, a
protective layer and a liquid_lubricant |ayer built up in order on, a
nonnmagneti c subst r afes® cﬁgP%lé‘rl&PP’zcerd’sitﬁlllﬁ £ MagBeRagFECPEItRE BRGRARYR T ayer

is constituted froma rare earth - transition netal all anor phous film
o o] baat S ILE gregpnSRancly updd By prgyanTy Hhs & colingi T REegFEete | |

contained in the rare earth - Eransition net E |.I. oy_.anor phous fil with
the form of exIEBREE SPRETIGEBAMEREIERCH £ FR° drit FPHISFErS SerE8H: Phr ough
the rare earth - g}ansjtion metal allo am)ré)hous.fi m é]]f .
and is is one main cause of noilse originating from the medium
during recording and playback. As the recording density is
increased in the future, the influence of the crystal grain
boundary on recorded signals will come to account for a larger

and larger proportion.

To counteract this, attempts are being made to reduce the

2



.

-f ) ~ 1 Mreover, the invention disclosed in claim3 is a perpendicul ar
magnetic recordi ng medi um conprising at |east a soft nmagnetic under |ayer,
#n internediate l'ayer, a magnetic recording |layer, a protective layer and a
liquid lubricant layer built up in order on a nonmagnetic substrate,
characterized in that the magnetic recording |layer is constituted froma
rare earth - transition netal alloy anorphous film and at |east one
carbide of Ti, idfludlice VbyNEorT@axafple MakiVg BheAdrpdtadl giraifosiad ReGyi N
the rare earth - transition netal alloy anorphous film wth the form of
exi stence theremhlbeivg tifatthet ckgstall fganhy s@k s ped Stk st liboughalhe thame
earth - transition netal alloy anorphous film Mreover, the invention

di scl osed i n ckhémtheisal hetabiianityi onfdithel azedrdadaBygndl cléat i crathisough
3, characterized in that the concentration of the at |east one of Ti, Zr,
H , V, Nb, Ta, aBeuptby, ¥¥idBn ddsesG abdcilled ‘bos el Hlucardnide’ theybdem
contained in the rare earth - transition netal alloy anorphous filmis at

| east 1~ but nah wbieh tthan r2Gordddreoyer]l, vbhéshavemy aridiescl osed in claim
5is the invention disclosed in any of clains 1 through 4, characterized by
havi ng one or a plur@al i ttheof otthder hayer siranthe ¢egnetiar donmire earthol-l i ng
| ayer between the nonnagnetic substrate and the soft magnetic under | ayer.
5 Bri ef Destrap$itivrofmetitie dxlaw rgerfhgus If Arscdlsemaeide dectticonaling ew
show ng an enbodi nent of the perpendicul ar magnetic recordi ng nmedi um of the
present invent eoorplidws, 2rpsszhgmatihdswderonaldovnewexion rpdahen derthe
enbodi nent of the perpendicul ar magnetic recordi ng nmedi um of the present

i nvention. Fi gab8vé wiicigreanmdbes extplaiisiengHewbvelk nirecsiugk chestrleggatn

i nvention, showi ng one cycle of the output waveform obtained using a spin
stand tester fbouadperqrend cokaexhsiyridtere iecnothing rediagn ps otluoed eus
Exanpl e 8 and a perpendi cul ar nagneti c recordi ng nmedi um produced i n Exanpl e
1. Enbodi nent stofkeepe | nyehteron skghibwinglissea ataklven ¢ tierois erodilewnt s
of the present invention with reference to the drawings. Fig. 1 is a
schemati c sect ktbatl theewighali ngy anhefibodi neménpsh t hbn peapeindilewl, arthis
magneti c recordi ng nmedium of the present invention; this perpendicular
magnet i ¢ recor dhegomerirnumshpxone $oreetul #hen ngdaridiag ateddghaf xafuengagnet i c
under layer 4, an internediate |layer 5, a nmagnetic recording |layer 6 and a
protective | ayepd7hence fthegedisn aopdeblem thatonaukpia ie@r6h - transition

metal alloy amorphous film cannot be used as is as a material
for perpendicular magnetic recording which aims for increased
recording density.

In view of such problems, it is an object of the present
invention to provide a perpendicular magnetic recording medium
according to which there is no shift or loss of written signals
even in the case of a high recording density in the rare earth
- transition metal alloy amorphous film, and moreover

productivity is excellent.



substrate 1, and noreover a liquid lubricant layer 8 is formed thereupon.
Fig. 2 is a schematic sectional view showi ng anot her enbodi nent of the

per pendi cul ar magnetic recordi ng nedium of the present invention; this

per pendi cul ar magnetic recordi ng nmedium has a structure in which at |east
one or a plurality of underlayers 2, a magnetic domain controlling |ayer 3,
a soft magnetic under layer 4, an internediate |layer 5, a nagnetic

recordi ng | ayeMeén&nibm Soletiagt the Pmopdiemé are formed in order on ~
nonmagneti ¢ substrate 1, and noreover a liquid lubricant |ayer 8 is forned
t hereupon. In the prees@nrtdingwhetporsenftolnwseriphne @ stysirabliczed afjass, a
strengt hened gl ass, or an Al alloy plated with Ni P as commonly used for
magneti ¢ recor dhagineditaosadi e aseddiaslisie hommagretpanddgbdbr ataggnkbtiAn
antiferromagnetic filmconprising an alloy system containing M, or a hard
magneti c fil m racordioly médlumgemrel izstnigort hess he s fomaamesdciundehd avadi al
direction of the nonmagnetic substrate 1, can be used as the nagnetic
domai n cont r ol Rhrgtieayedidte Theer hiackaenst iof reperdinghéeyer demnmiatective
controlling layer 3 is preferably about 5 to 300nm In the case that an M
al | oy system ahevéerzwhegndtdud df lbhricansekhyer t boikhgnat ii dodeirnon a
controlling layer 3, it is preferable to use for exanple a nonmagnetic

al l oy or a nonnegnedneatisursubsdtrakeha¢haga atd icede dmt ertda te dibiec maomgstiare as
the underlayer 2. In this case, an underlayer may be 7 further provided
bet ween t he nohfegFétic lavestisat eonstdigtedef iner Yagpeeath o wemsighonhe
fine structure of the under |ayer 2. Mreover, in the case that a hard
magnetic fil mmMstaked ey snerphgpfefidndoiid atchirstorrenef ITdyefrd, Hig T
alloy or the |ike can be used as the underlayer 2. In this case as well, a
plurality of ulNBer2ayefsMRmy"hE: ikt ReAnhFdvideanbrirkantte ndreregnéhi c
substrate 1 and the underlayer 2 to_control the fine structure of the
under | ayer 2. Antkpreitiqroy mefadegddsy erexriys ofilsy oHtbhdéhei Kereaffbe
used as the soft mmgnetic under |ayer 4, but by using an anorphous Co

al loy, for exafipleteambherasfeginbihathet| ijee, IRblrrrdivedisnsmggAdtirough
conversion characteristics can be obtai ned. Regarding the thickness of the
soft magnetic GReleFayeparth —t heanpiiiamnehp bed 10y edozpberdi hglto t he
structure and characteristics of the magnetic head used in _recording, but
it is preferable foMaEgicgethi tRRedhvesthenat diegsPsednirbladdt 2note 2han
300nmin view of productivity. The internediate |l ayer 5 is used tQ
magnetical |y sBpEreRE AHEsBRYNGRighEererdiuer MedyBR FoIRg1FhRd AdghetsE
recordi ng l'ayer 6, and also to control the characteristics of the nmagnetic

recording |ayef %?f%mﬁ_gﬂ?rﬁbﬁé‘f‘fjeré%t agrinfSIgARaRB LAY Sl | DYAGRS T € used
o0 aPpropriate, The i chuees. s sty sty brom o Lo, 20n The. mgnet e
film Exanpl esbgilé P&% {r?g?:dgr on a nonmagnetic substrate, characterized in

that the magnetic recording layer is constituted from a rare
earth - transition metal alloy amorphous film, and at least one
boride of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Al or Si is contained

in the rare earth ~ transition metal alloy amorphous film, with

the form of existence thereof being that it is uniformly

dispersed through the rare earth - transition metal alloy

amorphous film.



-earth - transition netal alloy anorphous material include ThCo and ThFeCo,
but there is nolimtation to these. Mdreover, at |least one of Ti, Zr, Hf
V, Nb, Ta, &, Mp, W B, Al, Cand Si is contained in the rare earth -
“transition.netal alloy anorphous film wth the form of existence thereof
being that it is uniformy dispersed through the rare earth - transition
netal alloy anorphous film Alternatively, at |east one boride of Ti, Zr,
H, V, Nb, Ta, O, Mere¥eAl @heSiinventooh ai dedcidsédeinarc@aenr Bh s a
transition netal alloy anorphous film wth the form of existence thereof
being that it péerpatidieurby dispersedrdsdsalighy thediat eonpii bild ansilkhen
netal alloy anorphous film Alternatively, at |east carbide of Ti, Zr, Hf
V, Nb, Ta, C,aMspof¥W nBgndtierundier kayeant am dadeirmediteta Biwercas agnetic
transition netal alloy anorphous film wth the form of existence thereof
being that it tecamiihgrdyendi spersedtite dagbrtane a dlquidAuhricamaisyeron
nmetal all oy anorphous film Due to the elenent ( s ) or boride ( s ) or
carbide ( s ) beiligupnid erciey oh speesrabridiricughb st trear ehenatterizedansi ti on
nmetal all oy anorphous film magnetic domain walls existing between recorded
bits are fixedthat tthe wegheehc posidriddng Layeugls tdeesextstehdeaof at hare
additive(s), and hence shifting or |oss of recorded signals is suppressed
even during reeortdi ngtatnhighor epetdl ngldewsamgrphifoisadhilewy eard hitgheast
recording density, it is necessary to disperse fine additives) uniformy

t hrough the fidéme o&srbdde ofnBihoik,ofifaddi ngoit M ,elCareMbs)WorB,bdvli de( 83 or
carbides) into the rare earth - transition nmetal alloy anorphous film a
met hod i n whi chs gobtaieed intthevtd sheattdh addiensyei¢sinehat aldor apegphadsed i s
produced and the additives) is/are deposited together with the rare earth -
transition netéilml Iwith drhea foamhod iemivhente chiigreasf beénaddhetvet)iare

pl aced on a rare earth - transition netal alloy anorphous target and

deposi tion is exnrfard vodispersedéhyondh the rerpeceasdurytieanrsithion metal
concentration of the elenents) or boride(s) or carbides) inthe filmto be
at | east 1~ buallnit amerehenantPbs. In the case that the concentration of
the additives) is less than | ~s, then because the anmpbunt of the additive
(s) istoolow it will not be possible to sufficiently fix the nagnetic
domain walls; if the concentration of the additive (s) is greater than 20~,
t hen because the andfgreoveri heheadivantdop sdis¢kogash i glslaémafaésethstics
as a rare earth transition netal alloy anorphous filmwl| not be obtained
sufficiently, BHErHeOMmEHckasHd in 3oy ohgérimarcthvouds da Parseiaréaear
magnetic recording medium To obtain sufficient characteristics as a

per pendi cul ar WagHet dheeconaenigratd@nuaf the 3t disasti ene o?f tHe 4ddi Hfwves)
must thus be at |east 1~ but not nore than 20k. \Wen depositing the

magneti c recor¥i N§/ | Trefr6 Mo Whé/ gresemnd fiv exthBride) ot carhide &hgpreft o

make the pressure of the gas used during the deposition at |east | Orlorr
but not nore 1¢entained in the rare earth —transition metal alloy amorphous

film is at least 1% but not more than 20%.

Moreover, the invention disclosed in c¢laim 5 is the
invention disclosed in any of claims 1 through 4,
characterized by having one or a plurality of underlayers and
a magnetic domain controlling layer between the nonmagnetic

substrate and the soft magnetic under layer.



-than 200mTorr. "The thickness of the magnetic recording layer 6 is from5 to
100nm preferably from 10 to 50nm A conventionally used protective film
can be used.as the protective layer 7. Regarding the conditions of the
~protective |ayer 7 such as the thickness, the conditions used with a nornma
magneti c recordi ng medi um can be used as is. Mdreover, a conventionally
used material can also be used for the liquid l|ubricantlayer8. For
exanpl e, a pd@rfiefoPeportirtivy ofytbhe| Rbavina® can be used. Regarding the
conditions of the liquid lubricant |ayer 8 such as the thickness, the
conditions W&ad Wwith a normal nmagnetic recordi ng nedi um can be used as is.
Exanple 1 Following is a description of exanples of the present invention;
however, the fol | BwidpmatagpEest ena lnwieryskenirgbpe eepe ttaPfvidrexanpl es
of the present invention, and do not limt the present invention in any
way. Using @edmeritariar st réagehened 1§icasdingbdefate vdvi e sretsur f aces
(for exanple, an N-5 gl ass substrate nmade by Hoya) as the nonmagnetic
substrate 1,17V6N§1@As washed and then put into a sputtering apparatus, and
a CoZr Nb anor phous soft magnetic under |ayer was deposited to 200nm and a
TiCr internddi%até filmto I5nm Next, using a composite target in which Ti,
Zr, Hf, V, Nb, .Ta, G, Mo, W B, A, Cor Si Chips were placed on a ThCo
target, depositiof SCheREthEGRSLONR &VdLHI HPHIBPAN UL LeTRIEFFH Ot a gas
pressure of 20mforr. 11 The proportion of the additive was adjusted by
changi ng t héHfursEPepfichi ps PrIRTD OrF aE A8 gBEd I ReCE hERRNBERSHIL t he
magnetic recordi ng | ayer was nmade constant at 30nm Finally, a 5nm
protective |'d&PteBhprising carbon was deposited, and then the medi um was
removed fromthe _vacuum apparatus. All of the deposition except that of the
magneti c r ecordti g layer 6 was carried out using a DC magnetron sputtering
nmet hod under a gas pressure of 5Smlorr, Afterwards, a 2nm |l jquid |ubricant

| ayer conprising & p%+?QH%?oﬁ€Fy§¥ﬁéFle&9f?WQRQ}WEQFﬁgog]HLEpPﬁ@SW@ihod,

t hus producianthe Eer endi cul ar nagnetic r%fordiqg nedignl Usi ng t he
above- ment i oHEE Y ePRod Perferftii uFEr 1 fragheti O ERYT HRRG MEUPREAEr A
produced, variously changing the type of the addjtive added to the nmagnetic
recordi ng | aEm%e SPhHB ge"t‘?séecthg&éétpé‘-rrip@fiégu T 8agafttf ZPERT BRI

measuring the netization, curve usi a_vibrating s |.e _magnet onet er.
Regar di ng tﬁgﬂgﬁgbpf8éﬁ§ﬁ§tf% %ﬁﬂvngEgnaEﬁar%c?%ﬁé%ﬂ#ﬁE@&Fr magnetic
the~perpendi§qu;.nagneaic recg;digg.nqgi%‘gpr1which all of the |layers were
deposi ted u5|%g CAEIMBE AT i ESEEd T 't H® Tbove exanpl e, measurenent was
carried out with an MR head using a spin stand tester. 'the coercivity He

and the SNR val ue (signal-to-noise ratio, an el ectromagnetic conversion

characteristéégoéy: %ttrgfkt£§3 Augnggogensity of 350kFCI are shown in Table
1 for 12 perpengfcu ar nmagnhetic recording nmedia that were produced addi ng

about | Oat ~ OT TI Fozi?wg% i\s/’ al\ébe'sc-llz?.ﬁt%n ol\fbemb“%.dBr?enAi‘:%’ og tq{e Ireggntg he rare
earth - transition netal alloy anorphous film Table
invention with reference to the drawings.
Fig. 1 is a schematic sectional view showing an embodiment
of the perpendicular magnetic recording medium of the present
invention; this perpendicular magnetic recording medium has a
structure in which at least a soft magnetic under layer 4, an

intermediate layer 5, a magnetic recording layer 6 and a

protective layer 7 are formed in order on a nonmagnetic



- Table 1: Coercivity and SNR val ue HeSN~( at

350kFCGc{ ~Qe) d8~" ~bCa429013. 8Th~0- ~~a~%i 388021. 7ThCo- 1

~at |1 r312920..4~' b" Co~- 9at f ~f 34~~20Th~o0~~ 1 ~t~0V368d18.9t bCid-j I

-at %8 Vb3fi $02~, , 5TbC~-1 GCat %9~~3g~0~ i .~Tb~Ct ~-12at ~~r 339, 019; 2' t " b~a~y

~et 9~f ~t 0384a~t ~. 1r bCa- ~4at ~\WB0019; 8TbCo- | 4at ~~~

12022, 1" Th~o0- Sat %Al 32419. 6Tb~Q~7 C at ~~C396g ~20. ?ThCo~9at ¥a~~3? 142(7?.6 As

a conpar at i vabstaapkel , tang Rereenk ISARL vl itbdulrecantsd aylgowh ifsofoxmed

per pendi cul ar magnetic recordi ng medi umthat was produced w thout carrying

out additi onthsfregposlemrent. In the 13 case of adding any of the el enents,

He dropped slightly conpared with the case that addition was not carried

out, but a relatiVéby RAighs val senesfatile gechboval 300V GhowdsdsePPEhebt ai ned.

Moreover, it can be seen that in the case that addition of an el ement was

not carried YHedipgatSNR Vg rerpendiretdf diasgedéfsregoriinmborRACk™Was about

13. 8dB, but by adding Ti, Zr, H, V, Nbo, Ta, C, M, W B, Al, Cor Si, the

char act eri stike PFEEEREAIBYLHEAN ShistRePIYBCUNBE BYERS it FeRerea’e of

conmbining two ar nore of the above-nentioned additives, simlarly good

magnet i ¢ chdfesitdy Pagi T STANGErectt oitagRkt ia¢ EBRver §P6n°€fﬁarpét‘ﬂfé¥%%3(i cs can

be obtai ned. Exanple 2 Perpendicul ar, nedi a were produced as in Exanple 1,

except that ThEREGPERGTES Re e hPPE P OB ERREIHEG %t YERT vast Aafle to be

a boride of Ti, Zr, H, V, Nbo, Ta, C, Mo, W Al or Si. The coercivity He

and the SNR TadNsE 4t URARF nkaye¥F eborddl i@ t@ERSPE LD LUK PE 2aF8I8RBWR i n

Tabl e 2 for perpendi cul ar nagnetic recordi ng nedia that were produced

addi ng aboutra%PrsiE@dotavehér PRE dPTPFEchive a@,yev, TraFe farmed InvBrdey A1 or

Si tothe rare earth - transition netal allog/ anor phous fjlm 14 Table 2
on a nonmagnetic substrate 1, and moéreover a liquid lubricant

layer 8 is formed thereupon.

In the present invention, for example a crystallized
glass, a strengthened glass, or an Al alloy plated with NiP as
commonly used for magnetic recording media can be used as
the‘ nonmagnetic substrate 1. An antiferromagnetic film
comprising an alloy system containing Mn, or a hard magnetic
film in which the magnetization has been oriented in the
radial direction of the nonmagnetic substrate 1, can be used
as the magnetic domain controlling layer 3. The thickness of
the magnetic domain controlling layer 3 is preferably about 5
to 300nm.

In the case that an Mn alloy system antiferromagnetic
film is used as the magnetic domain controlling layer 3, it
is preferable to use for example a nonmagnetic alloy or a
nonmagnetic pure metal having a face-centered cubic structure

as the underlayer 2. In this case, an underlayer may be
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- Table 2: Coercivity and SNR val ue HeSt ~Ft ( st
350kFC ) (4e) (dB) TbCo429013. 8r ~co- ~
0XT~~z~s~o0za. sThCo- - 10" %&zr B23' 590~3. srbc4- ~ t x~t ~eza~~0z3, sfbCGo--1
tY, ~B~a57022. 4TbCa- 10~NbB23' ~ s 023, 1TbCo- 10~dTaE~24020~5. ~aThCw 1
~~'"eCt ~233024. 3TbhCo- ~9' ~bM-B2324022. 91' bCo- ~ QMB3a5023. 7ThGn--1
a ~Al B23. 7202~. 1. r bc~- ~~~~~ va~3ss~~3. ~ As a conparative exanple, the He and
SNR val ues ar efdthers howswifdad abpergandicbal asnm@Egratiicc s@eor thiteg 1neshdim
that was produced w thout carrying out addition of an elenment. As with the
results shown the Tabte lzydm Pheccasetodl athedi Agnamtraictibe dbrthdesndéle
dropped slightly conpared with the case that addition was not carried out,
wi th the highdstyexoercivity of 4020 Ce being obtained in the case that TbhB2
was added. Even in the case of adding MdB2, for which the | owest coercivity
was shown, a val ue Mbrabvoart, 3I240h&ecaszes thbhtaa netkd Ragaetiagf itlve iSNRseval ue,
it can be seen that in the cases of all of the additives, the
characteri sti as rpeovaghdtyiabiontisd. SorttrdllindBlayemar,ed @k tallidyeor the
conparative exanple in which addition was not carried out. The case for
whi ch the hi ghlddte ¢&n beSNisedh| se Wae obder iraeerds WinentMiaBRanassadelel, with
a good characteristic of 25.5dB bei ng obtai ned. Mdireover, in the case of
conbi ni ng two aplpbabity afhenddolayersnngprired fhorheleproyided drdtyegoothe
magneti c characteristics and el ectromagnetic

nonmagnetic substrate 1 and the underlayer 2 to control the fine

structure of the underlayer 2.

An NiFe alloy, a sendust (FeSiAl) alloy or the like can
be used as the soft magnetic under layer 4, but by using an
amorphous Co alloy, for example CoNbZr, CoTaZr or the like, good
electromagnetic conversion characteristics can be obtained.
Regarding the thickness of the soft magnetic under layer 4,
the optimum value varies according to the structure and
characteristics of the magnetic head used in recording, but
it is preferable for this thickness to be at least 10nm but not
more than 300nm in view of productivity.

The intermediate layer 5 is used tomagnetically separate
the soft magnetic under layer 4 and the magnetic recording
layer 6, and also to control the characteristics of the
magnetic recording layer 6; a nonmagnetic element or a
nonmagnetic alloy can be used as appropriate. The thickness is
preferably from 5 to 30nm.

The magnetic recording layer 6 comprises a rare earth -

transition metal alloy amorphous film. Examples of the rare

8



-conversion characteristics can be obtained. Exanple 3 Perpendi cul ar nmedi a
were produced as in Exanple 1, except that the type of the chips placed on
the TbCo target was made to be a carbide of Ti, Zr, H, V, Nb, Ta, Cr, M,
W B, Al or Si . The coercivity He and the SNR value at a |inear recording
density of 350kFCI are shown in Table 3 for perpendicul ar magnetic
recordi ng nedia that were produced addi ng about | Oat~ of a carbide of Ti,
Zr, Hf, V, Mgrtha; t@ansibiogymeRalpglley smorphehe megesiahrineluder B tion
metal all oy anorphous film Table 3 Table 3: Coercivity and SNR val ue

He SNR( at and TbFeCo, but there is no limitation to these. Moreover, at

350kFC ) (Ce) (dB) ThCo429013. 8ThCo- 10%di C368022. 7ThCo- 10%Zr C344023. 4TbCo- 8%f
C355024. 1ThG&28t wEFAR2(23. BT V: 1NbaFe35802310, W, B, Al, C and Si

7TbCo- 109%9aC349024. 1TbCo- 10~Cr 3C2366022. 5ThCo- 11 | oM2C3570Z

1. 8ThCo- 10WAPC3 FRIL315¥8 Co L ROUBECIBFH2326 Th Ca~FFATAE33U 8NP D THIRWS S| C342
0 ~23.7 16 As a conparative exanple, the He and SNR val ues are al so shown
for a perperfdicgghaps t PR 6y df P PP ths tante WasTpPbdeded Wrathout
carrying out addition of an element. As with the results shown in Table 1,
in the case idf aderhPEHy 6fspaesedribirgesh e Fagfpeer st ightrysteigtar ed
wth the case that addition was not carried out. However, even in the case
of SiC, for RfiadhatheY cHAERAYyY fvdPue was | owest, a val ue of about 3240 Oe
was obtai ned. Regarding the SNR value, it can be seen that in the cases of
all of the additiQEsSriHe &dradt €r5aSti ¢ M dFed° by labbtit it & 1P 3dB
conpared with the perpendi cul ar magnetic recordi ng nmedi um of the

conpar at i ve &xarp @Of Gr RhPERR Lot FPR b Ness I MGhe E&0R A Ut EreRéi i ghest SNR
val ue was obt ai ned_ when Hf C or TaC was, dd%d, with the SNR at a |inear
recording d aﬂy%@%@@‘ﬁﬁ@%%iﬂg“‘zﬂi@iaﬁ RofF TV EL, exhs e 5RereRt
conbi ni ng two or re of the above-nentioned, carbides, simlarl ood
magnetic ché’re&@tge?ﬁgfilcts l&ané?‘é@E]r%r‘?éﬁﬁgff’%d ctg"rﬁ?éltggi bhe crff’eﬁeaﬁf‘gF stics can

be obt ai ned. Exa
trans

q%kgnﬂhetal alloy amorphous film. Alternatively, at least
one carbide of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, B, Al or Si
is contained 1in the rare earth - transition metal alloy
amorphous film, with the form of existence thereof being that
it is uniformly dispersed through the rare earth - transition
metal alloy amorphous film. Due to the element(s) or boride(s)
or carbide(s) being uniformly dispersed through the rare earth
- transition metal alloy amorphous film, magnetic domain
walls existing between recorded bits are fixed in the written
positions through the existence of the additive(s), and hence
shifting or loss of recorded signals is suppressed even during

recording at high recording density.

To achieve a high recording density, it is necessary to

disperse fine additive(s) uniformly through the film. As a

9



- As an exanple of cases in which a pure elenent is added, using a conposite
target in which V or B chips were placed on a TbhCo target, perpendicul ar
magneti c recording nmedia were'produced, with the proportion of the additive
-contained in the rare earth - transition netal alloy anorphous fil m being
adj usted by changing the nunber of chips placed on the target. 17 The
coercivity He and the SNR value at a linear recording density of 350kFCl
are shown i fetaprecH ﬁ@ﬂlﬁérdéﬁdﬁéﬁmaﬁthﬁbﬁﬁt|éOFéééﬂﬂlﬁg‘ﬁéﬂpad%h%k wer e
produced with the concentration of the additive being changed. B is shown
as the addi tinf® £bp wmTerPamtd chhrarsbfidt Mesahet bl pestmorphguy Aslthe

addi tive for which the characteristics were worst . Table 4 Table 4:
Coercivity a@n8eShee\idl uélmmmeasegsmws\e@)t(%?%m@ﬁsha?bqu

at %/415015. 1ThCo- 11 at ~bVv368018. 9 TbCo- | 8at ~V 15. 7 TbhCo- 25at ~V
2130_ 8. 6Th&sel aAAsB4250Rr gduzerh @ G&FoBﬂ??@?‘?e(%LTMGaFQBSBB’Be -~
6. 3TbCo- 26at i B2450 J10.1 As a conparative exanple, the He and SNR val ues
are al so sh&WWeFB?raVﬁé?béﬁﬁlE%F%ueQﬁﬁﬁnetFEa?%&ﬁﬁQHrﬁF?ﬁﬁmq&&Pﬂha?rth
produced wi t hout carry out addition of an elenment.In the case of either
el ement, He RfCP aé%slﬁﬁ%bf@ﬁ?éa??Q*ﬁ%agﬂétﬁﬁhﬁﬁnFFﬁtP%ﬁc%ﬁ‘¥h8 by tive

i ncreases, and in the case that nore_than 20at~ i s added, becones a

val ue | ess t¥P3000 8BS I L LA TRFAJad el Y BPFRBPYBIETEAL, émb‘%/ d&BHFhE)l‘in ate or

more, the SNR value at a recordln Sn5|ty of 350kFClI shows a good val ue of
over |5dB. I carried out, can

It is necessary for the concentration of the element(s)
or boride(s) or carbide(s) in the film to be at least 1% but
not more than 20%. In the case that the concentration of the
additive(s) is less than 1%, then because the amount of the
additive(s) is too low, it will not be possible to sufficiently
fix the magnetic domain walls; if the concentration of the
additive(s) is greater than 20%, then because the amount of the
additive(s) is too high, characteristics as a rare earth -
transition metal alloy amorphous film will not be obtained
sufficiently, and the medium will no longer function as a
perpendicular magnetic recording medium. To obtain
sufficient characteristics as a perpendicular magnetic
recbrding medium, the proportion of the additive(s) must thus

be at least 1% but not more than 20%.

When depositing the magnetic recording layer 6 of the
present invention, it is preferable to make the pressure of the

gas used during the deposition at least 10mTorr but not more

10



. However, in the case of adding either element, if the anobunt added exceeds
20at$ then the SNR val ue drops abruptly, becoming a value of 8.6dB in the
case of V and 10.1dB in the case of B. It can thus be seen that in the case
-of either of the elenments, it is necessary to nake the anount added at

| east lath but not nore than 20at$. Exanple 5 As an exanple of cases in

whi ch a boride is added, using a conposite target in which TaB2 or Al Bz

chi ps were pl abed omo@mTEr@a t @hgethipeigendTultare Maggedt tc r ecoaraidiggnedi a
were produced, with the proportion of the additive contained in the rare
earth - transilbdyen éretsalfrakl 6ytanddPphoupreifkerabiy nfyradjlostedSdym changi ng
the nunber of chips placed on the target. The coercivity He and the SNR

val ue at a track receordivagt derslltyy ueéd 3IBOIECEive ef islnowanike Tableas ther

per pendi cul ar magnetic recording nmedia that were produced whil e changi ng

t he concentrabronectdidesd déyehe 7TaBzRegardBRi T4&BE | scehditnicas tde &dditive
for which the characteristics were best, and AlBz as the additive for which
t he charact er psvtestines legees? owth of thee thdrckdesst Hate wenditieposivsed. 19
Table 5 Table 5: Coercivity and SNR val ue HeSNR( at
350kFC1) ( Ce) (HBYThGo4230®3. 8FbGet iic afeRAABQ1 BcdTi@oca be used as is.

0f TaB2402025. 5ThCo-- 19 aTaB2377017. 1TbCo- 25r ~TaB 2259012. 5ThCo- 1

%Al B?. 419015. BIbSoveavAl BRRTomenERd@ot seddmate32 201621y alsCob 2 3u49BEIR58012. 6

theliquidlubricant layer 8. Forexample, a perfluoropolyether
type lubricant can be used. Regarding the conditions of the
liquid lubricant layer 8 such as the thickness, the conditions

used with a normal magnetic recording medium can be used as is.

Example 1

Following is a description of examples of the present
invention; however, the following examples are merely suitable
representative examples of the present invention, and do not
limit the present invention in any way.

Using a chemically strengthened glass substrate having
smooth surfaces (for example, an N-5 glass substrate made by
Hoya) as the nonmagnetic substrate 1, this was washed and then
put into a sputtering apparatus, and a CoZrNb amorphous soft
magnetic under layer was deposited to 200nm, and a TiCr
intermediate film to 15nm. Next, using a composite target in
which Ti, 2r, Hf, VvV, Nb, Ta, Cr, Mo, W, B, Al, C or Si chips
were placed on a TbCo target, deposition of the magnetic

recording layer was carried out at a gas pressure of 20mTorr.

11



-As a conparative exanple, the He and SNR val ues are al so shown for a

per pendi cul ar magnetic recording nmedi umthat was produced w thout carrying
out addition of an element. In the case of either boride, He decreases
"monot oni cal'ly as the concentration added increases, and in the case that
nore than 20at~ is added, He becones a value less than 3000 Ce. In the case
of either boride, by adding lat$ or nore, the SNR value at a recording
density of 350kFCI shows a good val ue of over |5dB. However, in the case of
adding either boride, if the anbunt added exceeds 20at$ then the SNR val ue
drops abruptly, bé&tenpPrepRCiongofathr aghit2vedmy mdfjHetedsey c¢hamgbzyand
12.6dB in the case of A1B2. It can thus be seen that in the case of either
of the bori de¥e numbeg AécelRy plegeraRe the sabent- ddtfedthichnass Phth but
not nore than 20at~. Exanple 6 As an exanple of cases in which a carbide is
added, usi ngthf BIFVSIT B AW 1avaritah PRes 6PnRBIEE hi3fs™wdieapliced on a
TbCo target, gerpendicu[ar magnetic recordi ng nedi a were produced, with the
proportion of 2PREra8AFEI VR 12BAY aiCRBRTERIRhEAFRAEVWRRFLRCS1§9HN3RY LB net a
al | oy anor phous fil m being adjusted by changi ng the nunber of chips placed
on the target?® TR igBeras viItRPYqs 45amt Rlae SNRUWE geParatls r ddid Péchﬂing

deposition except that of the magnetic recording layer 6 was
carried out using a DC magnetron sputtering method under a gas
pressure of S5mTorr. Afterwards, a 2nm liquid lubricant layer
comprising a perfluoropolyether was formed using a dipping
method, thus producing the perpendicular magnetic recording
medium.

Using the above-mentioned method, perpendicular magnetic
recording media were produced, variously changing the type of
the.additive added to the magnetic recording layer 6. The
magnetic characteristics were calculated by measuring the
magnetization curve using a vibrating sample magnetometer.
Regarding the electromagnetic conversion characteristics of
the'perpendicular magnetic recording media for which all of the
layers were deposited using the method indicated in the above
example, measurement was carried out with an MR head using a

spin stand tester.

The coercivity Hc and the SNR value (signal-to-noise
ratio, an electromagnetic conversion characteristic) at a track

recording density of 350kFCI are shown in Table 1 for
12



-density of 350kFClI are shown in Table 6 for perpendicul ar magnetic
recordi ng nedia that were produced while changing the concentrati on added
of the Hf C or Mo2C. HCis shown as the additive for which the
“characteristics were best, and Mb2C as the additive for which the
characteristics was | owest out of the carbides that were deposited. 21
Table 6 Table 6: Coercivity and SNR val ue HeSNR(at 350kFCt (n~) (dB) TbhGo4290i
3. 8ThCo- 1 xHf (H@6liZTBED- 8849 nteftG3550@4d01d vigCome @ Da 6433 0deXE6 prlolGoed2Y

Hf C2760i 3.6TbCo-1 %Ww2C418015. 9TbhOn-t 19i Mb2C357Q2 t

. 8ThCo- 26%\Vvb2 G&idAngl BbaThb O AAME 2T, Z330HE, V,A¥ba TangaraMbyei,eBanple, the
He and SNR val ues are al so shown for a perpendi cul ar magneti c recording
medi um t hat wa® @ ddudedthet bote esarthyi-nyrangitdddi meval odl oy ememrphous | n
the case of either carbide, He decreases nonotonically as the concentration
added increasefilmnd in the case that nore than 20at~ is added, He becones
a value less than 3000 Ce. In the case of either carbide, by adding lath or
nore, the SNR value at a recording density of 350kFCI shows a good val ue of

over
Table 1

Table 1: Coercivity and SNR value

T " He SNR(at 350kFC)
{Oe) {d8)
TbCo 4290 13.8
TbCo=9at%Ti 3880 21,7
TbCo-1Datlr 3720 20.4
ThCo-9atHf 3430 _ 20
TbCo~1 tathV 3680 18.9
TbGo-11at%Nb ) 3780 20.5
TbCo~10at%Ta 3990 21.8
ThCo~12at%Cr 3390 19.2
TbCa-10atiMo 3840 2G.1
TbCo-10athW 3500 19.8
ThGo-10athB 4120 22.1
TbhCo~9at¥Al 3420 19.5
TbGo~10at%C 3960 20.7
TbCor9athSi ) 3710 20.6

As a comparative example, the Hc and SNR values are also
shown for a perpendicular magnetic recording medium that was

produced without carrying out addition of an element. In the

13



-| 5dB. However, in the case of adding either carbide, if the anmobunt added
exceeds 20at~ then the SNR val ue drops abruptly, becom ng a value of 13.6dB
in the case-of HfC and 11.1dB in the case of Mb2C. It can thus be seen that
"in the case of either of the carbides, it is necessary to nake the anount
added at least lath but not nore than 20at~. 22 Example 7 As an exanpl e
of cases in which a pure elenent and a carbide, or a pure elenent and a
bori de, or aaserdf dddand aaybof itte dremeaddedicadreopred ahigh b conraref a
conposite target in which Ta and WZC chips, or Zr and NbBz chips, or TiB2
and Cr3C2 chiipd vikr eape dabed aividiThCOms aegchrrped pehditey aredagheeis
recordi ng nmedia were produced, with the proportions of the additives

cont ai ned i mighevrare ehrlit of ppans 8POh Gretals AFLbY ekivyipiedus fil m being
adj usted by changi ng the nunber of chips placed on the target. The
coercivity He andYfHROBNR V&l ganaie £eeratkat édotdpngase that addition

of an element was not carriedout, the SNRvalue at a recording
density of 350kFCI was about 13.8dB, but by adding Ti, Zr, HE,
Vv, Nb, Ta, Cr, Mo, W, B, Al, C or Si, the characteristic improved
by about 5.1 to 8.3dB. Moreover, in the case of combining two
ormore of the above~-mentioned additives, similarly goodmagnetic
characteristics and electromagnetic conversion characteristics

can be obtained.

Example 2

Perpendicular media were produced as in Example 1, except
that the type of the chips placed on the TbCo target was made
to be a boride of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Al or Si.

The coercivity Hc and the SNR value at a linear
recording density of 350kFCI are shown in Table 2 for
perpendicular magnetic recording media that were produced
adding about 10 at% of a boride of Ti, Zr, Hf, V, Nb, Ta, Cr,
Mo, W, Al or Si tothe rareearth-transitionmetal alloy amorphous

film.

14



-density of 350kFCI are shown in Table 7 for the perpendicul ar magnetic
recordi ng nedia produced. Table 7 Table 7: Coercivity and SNR val ue
HeSNR(at 350kFC ) (Ce) Cda) TbhCo429013. 8TbCo-1 at %da-1
"N CA08016.:7ThCo- 6at ' ~6Ta- 5%42C349022. 4TbhCo- 11 ‘
at %da- - 99' eW2C315015. 8ThCo- 13at '/ Ta- 11 %2C22601 1.5TbCo-t at%Zr-1
9%\bB24110i 5. 3ThCo- Sat %Zr - 590\bB2358020. 7ThCo- Sat %Zr - 9% VbB233001 7. 9TbCo-11
at, 6Zr-11 %\bB2294013. 9TbCo- 1
at ~eTi B2-1' , ~Cr 3C2420016. 2TbhCo- Sat ~' ~i 82-4' LCr 3C2366023a4ThCo' - | Oat / Ti B2-9
oCt ' 3C2313016.TaHie€o2l | at 9 B2- 10%r 3C22470 i _ _ ~ 14,5 23 As a
conparative exanple, the He and SNR val ues are al so shown for a
per pendi cul ar Tedeeti: cCoeroiditwy amddBNm vélte was produced wit hout carrying
out addition of elenments. In the cases that a plurality of added el ements
are conbined, as with the cases that addition of a single additive is
carried out, by adding lath or npre,. the SNR value at..a recarding density
of 350kFCI showd a good val ue of ovef | 5diic HoweyehR{atB50ELIHnount added
exceeds 20at~ tHen the SNR val ue drops abiQeptly, |becofdBlg a val ue | ess than
| 5dB. It can thyspOe seen that 1 n the casggphat additit@8 of g conbination
of a plurality dfpBoPibyEisgd enment, a Pporidgyand afcarbipdg is garried out as
well, it is necq¥gaL¥id Wﬂ‘u‘eﬁ@um #&dged af Teaggglathlbut not nore
than 20at ~. Exarfpre Sjsigg a crrem cal Ty Hiypengiiened ghass jubstrate
havi ng snooth s ThESEDIVES exanmpre;Tan f&s%o,gia}sf subf;._ggate de by Hoya)

58

g

as the nonnagnett ' poie sy T—thrstwas ted—fmd THER put]into a
1 :11 ng%a—mﬁef—ayw%%a JCJUbitzg' to—57m an N FeCr
1 oxr 1 | n A~ - - I L

sputtering appar?.
control ling

orientation contfeBEeiHeY uﬁsunﬁ R —rreget

layer to | Onm glBGer] 1] J”%rr,:hcus Soff+ .-:qu'j;ic j-ndcr yer—§o 200nm and a
Ti O i nter medi at|3bEeT9AMEBY snm Next] chiddélor T 7 224

M, W B, Al, C dbCar10%WE horide arl.car B it hoteoof &Bdc 4
target, and depd3b€p rri t_ar3120gas pressdéd POnTorr. 24
The proportion dfbCbeBa¥siBbi ve was adj ust3®@0by ¢ [ #44t he punber of chips
pl aced on the target . The thickness of the magnetic recording |ayer was
made constant at 30nm Finally, a 5nmprotective |ayer conprising carbon

was deposited, and A@@c&ﬂﬁaﬂ@@i%&é@ﬁﬂi&m‘ﬁ@ﬂérm SRe yﬁ%ﬁ%@@%@fs\jo; us.

All of the deposition except that of the nmagnetic recording layer S

carried out ushignardl JRENSHANCFPAY Fn?Jdn%QliEEEQQQr&&'}%e&e%glgstﬂte%lére of

5niforr. Afterwards, a 2nmliquid lubricant |ayer conpri si

per f | uor opol Y%trbaﬁcé\@%jft‘?{o'ﬁ%dg&@hﬂﬂmdga ok PRAdG: iGat Bed ntéllé%\emf?%yl%t he
per pendi cul ar magnetic recordi ng medium Using the above-nenti oned nethod,

per pendi cul ar +RBOASIUIG & SROWA NG TREH & 1\eLf dNCdNEE D ¥a4] I ng
the type and proportion of the additive addedeto t he n%g‘?liéﬁéh%eggﬁ:gﬁgng

layer 6. The magngtic ghanashsdd StiiGyneene eahsatdd ey fRAIYING Hhe

magneti zati on curve using a vibrating sanpl e nmagnetoneter. Regarding the

el ect r omagnet ix@q¢ QYL LhotNBhaei&d icid, Coith the PYHReRdL - tic
recordi ng madiaa for which gll of the Iayeré wer e de?(;h%i tedsﬁgﬁlﬁ%g%net hod

i ndi cated in 4beoaOVe iRy asH HnedRAS WHRITBA e WaS tCREE) ﬁsis%t&degi._t@v@rﬂ ijR head
using a spin stand tester. No particular difference was foun h

In the
magneti c char aabesasd idF a@bih§MSEYR B8 WedA chhenderdirndi EHE?{:}iW%taEC

recordi ng media produced using the nethod of Exanple 8 and the
per pendi cul ar sABEALtA Cvd1RROLE BHoHE B A DI0RAWE Sdonisd 1Mk d.he met hod of Exanpl e
1.
Regarding the SNR value, it can be seen that in the cases
of all of the additives, the characteristic improved by about

8.3 to 11.7dB compared with the comparative example in which

addition was not carried out. The case for which the highest
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25 One cycl e 'of the output waveform obtai ned using aspin stand tester for
a perpendi cul ar magnetic recordi ng nedi um of Exanple 8 is shown in Fig. 3.
As a conparative ‘'exanpl e, the output waveform for a perpendi cul ar magnetic
‘recordi ng nmedi um of Exanple 1 in which an underlayer and a magnetic domain
controlling layer are not provided is also shown in Fig. 3. In the case
that there are no underl ayer and magnetic donmain controlling |ayer, uneven
spi ke noi se Ycwed uehwaaghotaindte waisol eherydad: vas caddadastwitht acanode seen
that if an underlayer and a nmagnetic domain controlling |ayer are provided,
then no spi k&haygicterdvetir ©fals> HIB BFhing obthenedisoréowar undericayase and a
magneti c domain controlling |layer are provided, then magnetic domain walls
are not formld ¢antiméngotwvomagnendxe urmfer thayebovedvearitiageduboEifiest s of
the Invention As described above, according to the present invention, in a
per pendi cul afirrdgaéyi gopacoraneigl redianactonprtsingerd dleadiromagoétigmgneti c
under layer, an internediate |ayer, a magnetic recording |ayer, a
protective |Eeraarachdppitetigbiceanen kg @bthdnkd. up in order on a
nonmagneti ¢ substrate, the magnetic recording layer is constituted froma
rare earth -EXamRd&j 8i on nmetal alloy anorphous film and at |east one of Ti,
Zr, H, V, Nb, Ta, &, M, W B, Al, Cand Si or a boride or carbide

t hereof is contai RBEPERA I rafrednireRe -ProfaasHtdsohn fxeaplall.ogxest phous
film wth the formof existence thereof being 26 that it is uniformy

di spersed t Hidtghheheyrarcd Eapt phiramdiccrdnometh® TREP oyararsr paeusadsd | m ~ as
a result, conpared with the case that the perpendi cul ar magnetic recording
nmedi um i s pricibeed ShtPReat o€ drindirngibut: ¥hehTaddict i ¥ov, YexBr ey $bod
characteristicscan be obtained at high recording density. It is necessary
to make the concehP? fAGFIGE LY HE apdneift SYR)vadiuendt adbirganrecardintes)

t hereof added be at | east 1~ but not nore than 20~, and even if a plurality
of additivededsdtid@dd 320kFRE sare thown B gadend dAramerRgneifelaecor di ng
medi um exhi bi ti n%',%ood characteristics can be produced. Mreover, by

provi di ng oM@ ACpFEFAFFH59 ofmatHder FRFEr sWelifd REPIRSER afdbnagRRYt | ayer
for magnetic domain contral of the soft magnetic under |ayer between the
nonmagnet i ¢ a3t P52 GPidReo8oftr fdgn8t ¢V unther TRay®eF;, l‘épi We BoiXe due to
magnetic dormaip,wall formation. in the soft ma%neti c | ayer can be conpletely
suppr essed, UhPtH9 ENeFErendLfideLineRst &1 GhaR tAad e vt #FeorrRyenEt Bud ar
magnetic recording nmediumfit for practical use. Furthernore, the nethod of
manuf act uri ng the perpendi cul ar magnetic recordi ng medi um of the present

i nvention c%&bﬁe garri ed out using an existing manufacturing apparatus, and
hence this 8d”is suited to mass production of high-capacity magnetic
recordi ng La. 27 Clajns 1. pendi cul ar magnetic recordi ng nmedi um
conpri si ngngfaqqeeaét’ gogﬁcﬁvﬂﬁ'gr?@éi Sﬁgnﬂ%ruq ayer, an internediate layer, a
magneti c recor di rg—teyer—a—protecttye—ta = atrel S’Nﬁ( GFEJQ— ricant | ayer
built up in ordef on a nonmagnetic s baﬁ@e—;‘, ctaract d‘BDLcu
magneti c recor di fg—t-yer—-s—conRsti-it —f4 :9““.& -+ r#c"dsh fransition
metal alloy anorpabid—tilm—and—at .,Wrw,z.g of—fF 2 H , Nb, Ta, Cr,
M, W B, Al, C { bp‘m'm‘hcﬁmni:aiﬂed -A—t w080 o barih 2'7t.umsition net al

oo T C 0

al | oy anor phous f@i%mwzé -eRce theré,'? bethg that it is
uni formy dispers r.ea.r_t-‘: Asi-t-onrsh | 1 oy anor phous
film Y P TbCo-11%V 3720 23.9 F Y P

i

n that said

and at Lhact
L} A

TbCo-11ENBC 3530 23.7
TbCo-10%TaC 3490 24.1
TbCo-10%Cr3C2 3660 225
TbCo-11%Mo2C 3570 21.8
TbCo-10%W2C 3710 235
TbCo-10%B4C 3810 23.6
ThCo—8%A14C3 3480 229
TbCo-9%SiC 3420 23.7
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2. A perpendicul ar magnetic recordi ng medi um conprising at |east a soft
magneti c under |ayer, an internediate | ayer, a magnetic recording |ayer, a
protective layer and a liquid lubricant |ayer built up in order on a
"nonmagneti ¢ substrate, characterized in that said magnetic recording | ayer
is constituted froma rare earth - transition netal alloy anorphous film
and at |east one boride of Ti, Zr, H, V, No, Ta, G, M, W Al or Si is
contai ned in the Rareceapshative axsinpilen thet HE and SY¥Ravelystroasefalsm with
the form of existence thereof being that it is uniformy dispersed through
the rare earshewnr 4nsi 4 iparowsdalcudbt oyagedrighgasofdimy mEglium3that was

per pendi cul ar magnetic recordi ng nmedi um conprising at | east a soft nmagnetic
under | ayer preducadeydtiult carayerg autmagaetien rdcendé hendrdyes with
protective layer and a liquid lubricant |ayer built up in order on a
nonmagnet i c Wgbsepates sbivanattetaldedli nin Kae sasdl afagABing anecofdity | ayer
is constituted froma rare earth - transition netal alloy anorphous film
and at | eastcagivédear bilgedwfrrrd Fhighffly gomppredgwitdty thepcagg BatAl or Si
is contained in the rare earth - transition netal alloy anorphous film
with the forafidétierivstsenel aaFEiedf i -ngPeRT i even lontfofrasy ofi SHer sed
through the rare earth - transition netal alloy anorphous film 4. The

per pendi cul aioTmayreth ¢ theceeel Hy idrakvdivwa doeaskn & lvalmel of 2akpus,
characterized in that the concentration of the at |east one of Ti, Zr, Hf,
V, Nb, Ta, G240vee w¢s mbtmiined.and Si or boride or carbide thereof
contained in the rare earth - transition netal alloy anorphous filmis at

| east 1$ but not %Q%r‘i%téeﬁl‘msva#ﬁ%r pér pRhASCEFH ThEgnet i er e8I ng
medi um di scl osed_in_any of cla 1 through 4, characterized by having one
or a plural itfyadt ehddi é?@ﬂ%l‘a?r%l' éhﬁaﬁﬁ%ﬁ%’:%ﬁ&lﬁ EBREERY PHgaPWer

bet ween sai d nonna net| c substrate and said soft magnetic under | ayer. 29
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| wr mheAY] caltesticay ef &a]eca%aﬂ%fal]"@a] @éﬁ%}%éf&d‘jfeﬂ%ajiéa‘}wéa] %%‘] cRa] ca]
ca] ca] cal] ca] ca] cal] cal) ca] cal] ca] ca TY[ _aDr 0J

I} xsni cMY] caf]ad%‘r’li‘i]e@af]‘tta] c"éT%a]hearea} @g@] c‘é("]lc’ﬂ c4}taPbapiafe #Perfcd R eal call c
a] ca] ca] ca] ca % caj]@ca] cal cal
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calcalca]ca]c
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Sl D e,

&ckL 10$S<10adjusted by changing the number of chips placed on the target.
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The coercivity Hc and the SNR value at a linear
recording density of 350kFCI are shown in Table 4 for
perpendicular magnetic recording media that were produced
with the concentration of the additive being changed. B 1is

shown as the additive for which the characteristics were best,

and V as the additive for which the characteristics were worst.

Table 4

Table 4: Coercivity and SNR value

Hc SNR{at 350kFGC!)

(Oe) (dB)
ThCo 4290 13.8
TbCo-1at%V _ 4150 15.1
ThCo-11athV 3680 18.9
TbCo~18at%V 3080 15.7
ThCo~25at%V 2130 8.6
TbCo—1at%B 4220 16.5
TbCo-10at%B 4120 22.1
TbCo-20at%B 3680 16.3
TbCo-26at%B 2450 10.1

As a comparative example, the Hc and SNR values are also
shown for a perpendicular magnetic recording medium that was
produced without carrying out addition of anelement. Inthe
case of either element, Hc decreases monotonically as the
concentration of the additive increases, and in the case that
moré than 20at% is added, Hc becomes a value less than 3000 Oe.
In the case of either element, by adding 1 at% or more, the SNR
value at a recording density of 350kFCI shows a good value of
over 15dB.
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109%&' ()-° 1C%ged)excesdyoROEY §j_19%ggk(g SNR\y_a.l@e dyfmspeabruptly, becoming
a value of 8.6dB in the case of V and 10.1dB in the case of B.
It can thus be seen that in the case of either of the elements,
it is necessary to make the amount added at least lat% but not

more than 20at$%.

Example 5

As an example of cases in which a boride is added, using
a composite target in which TaB; or Al1B; chips were placed on
a TbCo target, perpendicular magnetic recording media were
produced, with the proportion of the additive contained in the
raré earth - transition metal alloy amorphous film being
adjusted by changing the number of chips placed on the target.

The coercivity Hc and the SNR value at a track recording
density of 350kFCI are shown in Table 5 for perpendicular
magnetic recording media that were produced while changing the
concentration added of the TaB, or AlB,. TaB, is shown as the
additive for which the characteristics were best, and AlB, as
the additive for which the characteristics was lowest out of

the borides that were deposited.
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Table 5: Coercivity and SNR value

He SNR(at_350kFCH)

(Oe) (dB)
TbCo 4290 13.8
TbCo~-1%TaB?2 4180 16.7
TbCo-10%TaB2 4020 25.5
TbCo—-19%TaB2 3770 17.1
TbCo0-25%TaB2 2590 12.5
ThCo~1%AIB2 4190 153
ThCo-10%AIB2 3720 22.1
ThCo-19%AIB2 3210 16.7
ThCo—-23%AIB2 2580 12.6

As a comparative example, the Hc and SNR values are also
shown for a perpendicular magnetic recording medium that was
produced without carrying out addition of an element. In the
case of either boride, Hc decreases monotonically as the
concentration added increases, and in the case that more than
20a£% is added, Hc becomes a value less than 3000 Oe. In the
case of either boride, by adding lat% or more, the SNR value
at a recording density of 350kFCI shows a good value of over
15dB.

However, in the case of adding either boride, if the amount

added exceeds 20at% then the SNR value drops abruptly, becoming
20
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Example 6

As an example of cases in which a carbide is added, using
a composite target in which HfC or Mo,C chips were placed on a
TbCo target, perpendicular magnetic recording media were
produced, with the proportion of the additive contained in the
rare earth - transition metal alloy amorphous film being
adjusted by changing the number of chips placed on the target.

The coercivity Hc and the SNR value at a track recording
density of 350kFCI are shown in Table 6 for perpendicular
magnetic recording media that were produced while changing the
concenfration added of the HfC or Mo,C. HEC is shown as the
additive for which the characteristics were best, and Mo,C as
the additive for which the characteristics was lowest out of

the carbides that were deposited.
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Table 6

Table 6: Coercivity and SNR value

He SNR(at 350kFCH)

(Oe) (dB)
TbCo 4290 13.8
TbCo-14%HfC 4200 16.3
ThCo-8%HfC 3550 24.1
ThCo~20%HfC 3010 15.7
TbCo-22%HfC 2760 13.6
TbCo~1%Mo2C 4180 15.9
TbCa-11%Mo2C 3570 218
TbCo-20%Mo2C 3170 15.4
TbCo-24%Mo2C 2330 1.1

As a comparative example, the Hc and SNR values are also
shown for a perpendicular magnetic recording medium that was
produced without carrying out addition of anelement. In the
case of either carbide, Hc decreases monotonically as the
concentration added increases, and in the case that more than
20at% is added, Hc becomes a value less than 3000 Oe. In the
case of either carbide, by adding lat% or more, the SNR value
at a recording density of 350kFCI shows a good value of over
15dB.

However, in the case of adding either carbide, if the
amount added exceeds 20at% then the SNR value drops abruptly,
becoming a value of 13.6dB in the case of HEC and 11.1dB in the
case of Mo,C. It can thus be seen that in the case of either

of the carbides, it is necessary to make the amount added at

least lat% but not more than 20at%.
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Example 7

As an example of cases in which a pure element and a
carbide, or a pure element and a boride, or a carbide and a
boride are added at the same time, using a composite target in
which Ta and W,C chips, or Zr and NbB; chips, or TiB, and Cr;C,
chips were placed on a TbCo target, perpendicular magnetic
recording media were produced, with the proportions of the
additives contained in the rare earth - transition metal alloy
amorphous film being adjusted by changing the number of chips

placed on the target.

The coercivity Hc and the SNR value at a track recording
density of 350kFCI are shown in Table 7 for the perpendicular

magnetic recording media produced.

Table 7

Table 7: Coercivity and SNR value

Hc SNR(at 350kFCI)

(Oe) (dB)
TbCo 4290 13.8
TbCo-TlatkTa-1%W2C 4080 16.7
TbCo—-6at%Ta~-5%W2C 3490 22.4
ThCo-11at%Ta~9%W2C 3150 15.8
TbCo—-13athTa~11%W2C 2260 11.5
TbCo-1at%Zr-1%NbB2 4110 15.3
TbCo—-5athZr-5%NbB2 3580 20.7
TbCo-9at%Zr-9%NbB2 3300 17.9
ThCo~11athZr-11%NbB2 2940 13.9
TbCo~1at%TiB2-1%Cr3C2 4200 16.2
TbCo=5at%TiB2-4%Cr3C2 3660 23.4
TbCo~10at%TiB2-9%Cr3C2 3130 16.1
ThCo~-11at%TiB2-10%Cr3C2 2470 14,5
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As a comparative example, the Hc and SNR values are also
shown for a perpendicular magnetic recording medium that was
produced without carrying out addition of elements. In the cases
that a plurality of addedelements are combined, as with the
cases that addition of a single additive is carried out, by
adding lat% or more, the SNR value at a recording density of
350kFCI shows a good value of over 15dB.

However, if the amount added exceeds 20at% then the SNR
value drops abruptly, becoming a value less than 15dB. It can
thus be seen that in the case that addition of a combination
of a plurality of a pure element, a boride and a carbide is
carried out as well, it is necessary to make the amount added

at least lat% but not more than 20at$%.

Example 8

Using a chemically strengthened glass substrate having
smooth surfaces (for example, an N-5 glass substrate made by
Hoya) as the nonmagnetic substrate 1, this was washed and then
put into a sputtering apparatus, and a Ta underlayer was
deposited to 5nm, an NiFeCr orientation controlling layer to
5nm, an IrMn magnetic domain controlling layer to 10nm, a
CoZrNb amorphous soft magnetic under layer to 200nm, and a TiCr
intermediate film to 15nm. Next, chips of Ti, 2r, Hf, V, Nb,
Ta, Cr, Mo, W, B, Al, C or Si or a boride or carbide thereof
were placed on a TbCo target, and deposition was carried out

at a gas pressure of 20mTorr.
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medium.

Using the above-mentioned method, perpendicular magnetic
recording media were produced, variously changing the type
and proportion of the additive added to the magnetic recording
layer 6. The magnetic characteristics were calculated by
measuring the magnetization curve using a vibrating sample
magnetometer. Regarding the electromagnetic conversion
characteristics of the perpendicular magnetic recording
media for which all of the layers were depositedusing themethod
indicated in the above example, measurement was carried out with
an MR head using a spin stand tester.

No particular difference was found in the magnetic
characteristics or the SNR between the perpendicular magnetic
recording media produced using the method of Example 8 and the
perpendicular magnetic recording media produced using the

method of Example 1.
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Advantageous Effects of the Invention

As described above, according to the present invention,
in a perpendicular magnetic recording medium comprising at least
a soft magnetic under layer, an intermediate layer, a magnetic
recording layer, a protective layer and a liquid lubricant layer
built up in order on a nonmagnetic substrate, the magnetic
recording layer is constituted from a rare earth - transition
metal alloy amorphous film, and at least one of Ti, Zr, Hf, V,
Nb, Ta, Cr, Mo, W, B, Al, C and Si or a boride or carbide thereof
is contained in the rare earth - transition metal alloy

amorphous film, with the form of existence thereof being
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that it is uniformly dispersed through the rare earth -
transition metal alloy amorphous film; as a result, compared
with the case that the perpendicular magnetic recording medium
is produced without carrying out such addition, extremely
goodcharacteristicscan beobtainedat highrecordingdensity.
It is necessary to make the concentration of the element (s) ox
boride(s) or carbide(s) thereof added be at least 1% but not
more than 20%, and even if a plurality of additives are added

at the same time, a perpendicular magnetic recording medium

exhibiting good characteristics can be produced.

Moreover, by providing one or a plurality of underlayers
and an antiferromagnetic layer for magnetic domain control of
the soft magnetic under layer between the nonmagnetic
substrate and the soft magnetic under layer, spike noise due
to magnetic domain wall formation in the soft magnetic layer
can be completely suppressed, which is extremely desirable when
making the perpendicular magnetic recording medium fit for
practical use.

Furthermore, the method of manufacturing the
perpendicular magnetic recording medium of the present
invention can be carried out using an existing manufacturing
apparatus, and hence this method is suited to mass production

of high-capacity magnetic recording media.
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transition metal alloy amorphous film.

2. A perpendicular magnetic recording medium comprising at
least a soft magnetic under layer, an intermediate layer, a
magnetic recording layer, a protective layer and a liquid
lubricant layer built up in order on a nonmagnetic substrate,
characterized in that said magnetic recording layer is
constituted froma rare earth - transition metal alloy amorphous
film, and at least one boride of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo,
W, Al or Si is contained in the rare earth - transition metal
alloy amorphous film, with the form of existence thereof being
that it is uniformly dispersed through the rare earth -

transition metal alloy amorphous film.
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A perpendicular magnetic recording medium comprising at
least a soft magnetic under layer, an intermediate layer, a
magnetic recording layer, a protective layer and a liquid
lubricant layer built up in order on a nonmagnetic
substrate, characterized in that said magnetic recording
layer is constituted from a rare earth -~ transition metal alloy
amorphous film, and at least one carbide of Ti, Zr, Hf, V, Nb,
Ta, Cr, Mo, W, B, Alor Siiscontainedinthe rareearth-transition
metal alloy amorphous film, with the form of existence thereof

being that it is uniformly dispersed through the rare earth

- transition metal alloy amorphous film.

4. The perpendicular magnetic recording medium
distlosed in claim 1, 2 or 3, characterized in that the
concentration of the at least one of Ti, Zr, Hf, V, Nb, Ta, Cr,
Mo, W, B, BRl, C and Si or boride or carbide thereof contained
in the rare earth - transition metal alloy amorphous film is

at least 1% but not more than 20%.

5. The perpendicular magnetic recording mediumdisclosed in
any of claims 1 through 4, characterized by having one or a
plurality of underlayers and a magnetic domain controlling
layér between said nonmagnetic substrate and said soft

magnetic under layer.
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