“i 1, SEP2DW Per pendi cul ar Magneti c Recordi ng Medi um Technical Field to which
the I nvention Pertains The present invention relates to a perpendicul ar
magnetic recording mediumthat can be installed in various nmEQNESER /.
recordi ng apparatuses. Prior Art Acconpanying increases in capacity 3?5
magneti c di sk recording apparatuses, there have been hei ghtened demands to
i ncrease the recording density of nagnetic recording nedia. The

| ongi t udi nal rRegpenfitcuban Miangtist RedondingMediumhe nmai nstream anong
conventional magnetic recording nethods, but recently the perpendicul ar
magnetic recording nethod has started to attract attention as art for
increasing the recording density of nagnetic recording. The constituent

el ements of aTsehpéaal cRield hegwbitk thedowventgonebextainsc| ude a magnetic
recording layer of a hard magnetic material, and a under |ayer fornmed from
a soft magnetic natkd PAPSeRANNastEoR skréabes EormpArPARI ! hdagrraried 1F] ux
generated by the magnetic head used in recording into the magnetic
recordi ng | ay@econrding gsediumy ydr qagmpdealingfaléegsinl Vhheods [magnetic
predom nantly used as the material for the magnetic recording l-ayer used
in a perpendi égcardhrgraniagatiugesr di ng medium Wth such a film the
maxi mum val ue of the coercivity (Hc) is about 4000 Ce at present, but to
further increase 1 1 4 SEP 2005 the recording density it is necessary to

further increase Hc.
Prior Art

Accompanying increases in capacity of magnetic disk
recording apparatuses, there have been heightened demands to
increase the recording density of magnetic recording
media. The longitudinal magnetic recording method occupies
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 layei of a hard
magnetic material, and a under layer formed froma 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 Oe at present, but to furtherincrease
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However, there are technical difficulties in fulfilling this demand. On
the other hand, a rare earth - transition netal alloy anorphous filmthat
is used as a material for nmagneto-optical recording has a highy 4 SEP 2005
per pendi cul ar magnetic ani sotropy constant Ku, and hence is extrems‘lay2
promsing as a material for the nmagnetic recording |layer of a

per pendi cul ar magnetic recordi ng nedium However, in magneto-optical
recordi ng, a tbenpoxindiow déoskty dtt he morpersat tonfypdihetr Lscuexts Hand He
for such a conmposition is considerable larger than the He required of a
materi al for Pevpeendi dllsxe rugneedinicedoddihAgculbiiceshancéulfillimgprtbbbemati c
to use such a rare earth - transition netal alloy anorphous filmas a

per pendi cul ar demgh@tic recording nmediumas is. Problens to be Solved by
the Invention A Co type alloy crystalline magnetic recording nmaterial,

whi ch is predoni narfii yhaselthett hpndsentrarkaga kv ol tranaitsionuee iz alileywhi ch
the crystal grains growin the filmthickness direction, and this is one
mai n cause of aRErREOW ifgilnathaly ifsr BARE s medp AT iafufoagne geoketiont igad

pl ayback. As the recording density is increased in the future, the

i nfl uence of rAeCEdYT abagraien hiBundapyrerd ¥ad@rddtrHiegisl sanivqatrepie to
account for a larger and |arger proportion. To counteract this, attenpts
are bei ng nadecrstanddiee apehence 4isERtzensly mricnénted By & BRtexdddilernaki ng
the crystal grain size very small, but if the crystal grain size becones
too smal |, théhe magnetic Trecording layer of a pérpendicular magnetic

recording medium. However, in magneto-optical recording, a
composition close to the compensation point is used, and He for
such a composition is considerable larger than the Hc required
of a material for perpendicular magnetic recording, and hence
it is problematic to use such a rare earth - transition metal
alloy amorphous film as a perpendicular magnetic recording

medium as is.

Problems to be Solved by the Invention

A Co type alloycrystalline magnetic recording material,
which is predominantly used at present, has a columnar structure
in which the crystal grains grow in the film thickness direction,
and this is one main cause of noise 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
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t he ther nual

cases a so-called "thernmal fluctuation' problem in which the recorded

signal vani shes nay arise. On the other hand, in the case that P, &E
- transition nmetal alloy anorphous filmis used, due to being *af‘ro‘gph%q

stability of the recorded signal deteriorates abruptly, and in

Kr.t h

crystal grain boundaries do not exist, and hence the above probl em does

not ari se.

However, because crystal grain boundaries do not exist there is

not hi ng to actirdgugnpecltsusfor eieewwd camaking dmesicgratal roggliaceizandetence
there is a problem that the signal may shift or vanish. In particular,
this phenonerigalils prbnkf ttheoceustahedraisr gridengeatmdd gioof smgliencihen and
hence there is a problemthat a rare earth - transition netal alloy
armor phous fi | rabcartdermpe gSebibsty s @fs therarerdraled fsgonpér gendr tetalres
magnetic recording which ainms for increased recording density. In view of
such probl ens,2B1UPESY a@ngbjreed soT 2t9e cplésentherngb At Pohua bl gt ont elelen
per pendi cul ar magnetic recording nmedium according to which there is no
shift or |oss i&f "Wirht Be siapegded eveprat waiehegs®anfamlisfi-gh recording
density in the rare earth - transition netal alloy anorphous film and

nor eover

producti vPRy the exxtdefrehendg indtBEpeas® Wehs? f AT Sotasktg t he

Probl enms Regarding the present invention, to attain such an object, the
i nvention di sATG8E4LLAR dMefiah 121 50w Prpdrdschi br Fagiiedi c dupekdrieR iy
medi um conprising at |east a soft nmagnetic under |ayer, an internediate
| ayer, a magnéfPEPPeedr Gra§trapdaindPrstagdeisyde not exist, and hence the

above problem does not arise. However, because crystal grain
boundaries do not exist there is nothing to act as a nucleus
to keepa written signal inplace, and hence there is a problem
that the signal may shift or wvanish. In particular, this
phenomenon is prone to occur when recording at high frequency,
and hence there is a problem that a rare earth - 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.



| ayer and a liquid lubricant layer built up in order on a nonmagnetic
substrate, characterized in that the nagnetic recording |layer is
constituted froma rare earth - transition netal alloy anorphoqs4ﬁkbqhmﬁnd
at least one of Ti, Zr, H, V, No, Ta, &, Mo, W B, Al, Cand SI is
contained in the rare earth - transition netal alloy anorphous film wth
the formof existence thereof being that it is uniformy dispersed through
the rare eart Meansr foxjSdloringethe Bréblemsor phous film Mreover, the
invention disclosed inclaim2 is a perpendicular nmagnetic recording

medi um conpri si ng akedaksng thepreserigheyertinfdero PAyeED sifhiam & irti-at e

| ayer, a magnetic recording |ayer, a protective layer and a liquid

| ubricant | aydhe buyentiop fhrselerad én alaighhebhat Pereemkiqudes, magnetic
characterized in that the magnetic recording |layer is constituted froma
rare earth - reFardirg @ﬁdh@ﬂﬁpmaﬂwgaﬁ’bllﬁﬁég§ Faftra Rt 1gtundessta ste
boride of Ti, Zr, Hf, V, No, Ta, &, M, W Al or Si is contained in the
rare earth - ePaisiaimsdireediavar oy "afbephodsCPFIHY WRYAL  thRI B THioe

exi stence thereof being that it is uniformy dispersed through the rare
earth - transile¥8h ARtad HIIWy lavsipRBhslaYem briits QEE DO NbEBoFer ,
the invention disclosed in claim3is a er pendi cul ar magneti c recaordi ng
medi um conpr i SPRFEGRE Teastubsfreder rRgRacFertArferin ayidiat al's Mmagnitdicat e

| ayer, a magnetic recording |layer, a protective layer and a liquid

| ubri cant | ay&fCopdtnq lﬁﬁeF n-Sor 8@ S o - efohrRiynét 1 s BBst R at Bransition

characterized in _that the magnetic recording_ layer is constituted froma
rare metal alloy amorphious film, and at least one of Ti, Zr, Hf, V,

Nb, Ta, Cr, Mo, W, B, Al, C and Si is contained in the rare earth
- transition metal alloy amorphous film, with the form of
existence thereof being that it 1is uniformly dispersed through
the rare earth - transition metal alloy amorphous film.
Moreover, the invention disclosed in claim 2 is a
perpendicular magnetic recording medium corﬁprising 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 the Iﬁagnetic 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 film and at |east one carbide of
Ti, Zr, H, V, No, Ta, &, Mo, W B, Al or Si is contained in the rare
earth - transition netal alloy anorphous film wth the formof1gx?]§:t%h§e
thereof being that it is wuniformy dispersed through the rare earth -
transition netal alloy anorphous film Moreover, the invention di sclosed

inclaim4 is the invention disclosed.in an of clains 1 throu3q
characterized in t%%l‘fecf‘f?et'co%nf’i“é?’}tdﬁnof Lasededdt O Thf TfLs Zr, Hf,
V, Nb, Ta, Cr, M, Cand Si or borlde or carbi de thereof

contai ned in tﬂ’?épfeﬁ%c‘éjaﬁli hmagfl?g}ﬁ,rﬁcaﬁdﬁggmmegﬁpgy AR pHSgsat 1193mh s at
| east 1% but not re than 20% Moreover, the i nt| on disclosed in claim
5is the invé‘nt?‘g%o df“@gf’%‘éje%luf’ﬂeﬁrlr?yﬁ €F‘a’ir‘rﬁerf‘ RREBgRYST ac’ﬂ%grr};?t}:tlé:rl zed

by h it r.l d
e T o e AR AR et Rt R, ety an Bl efﬂHDer Jr‘?é’geﬁetl c
d | SEP 2005 B f De f th
Schemat & sectPoRI R LBvPSFECHg® A CREBHE HaMCOFTre GErRerarctrars
1 di f. th t t A h ti
el oo ”gw”%dﬁaﬁq?& PEABER e EE T S ARoET Y radiet | c

recording rnﬂﬁeggkgf tg¥% si %%gt met %enéiloy amorphous film, and at least

one carbide of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, B, 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.

Moreover, the invention disclosed in «claim 4 is the
invention disclosed in any of claims 1 through 3, characterized
in that the concentration of the at least one of Ti, Zr, HE,
V, Nb, Ta, Cxr, Mo, W, B, Al, 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%.

Moreover, the invention disclosed in c¢claim 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.



Fig, 3 A diagram for explaining enbodi mrents of the present invention,
showi ng one cycle of the output waveform obtained using a spin stand
tester for a perpendicular magnetic recording medi um produced in Eglgmgl e 8
and a perpendi cul ar magnetic recordi ng medi um produced in Exanﬂl‘e T 2005
Enbodi ments of the Invention Following is a description of enbodi nents of
the present_ invention withr f%‘rence to the drawings. Fig. 1 is a

n

schemati c sBEI®hPRsSF8 8o S R*EHBBEP nent  of the perpendi cul ar

magneti c recor di]zg medi um of the present invention; this perpendicul ar

magneti c r eEo7 di g medium has a structure in which at |east a soft

magnetic under layer 4, an internediate |layer 5, a eticr di ng

| ayer 6 and a p%tsge?li“?f%l? ayer-7"a eVer(ﬂﬁ% W?ﬂgo"‘}ndgg‘gg llﬁerh%r?%gh%ti c 60

4 SEP 2005 substrate .1, and noreover_a |liguid |ubrican I%er 8 is, forned
ogwgw % 5

“thereupon. PBPEPSHANE s cHEHHIG ¢ Csect oMt &l t K&°5*Bhbodi nent

of the perpendicul ar magnetic recordi ng nmedium of the present invention;
this perpendt &t arragnetic recording mediumhas a structure in which at
| east one or.a plurality of underlayers 2, a magnetic domain controlling
| ayer 3, a SoOFt magneti c under layer 4, an internediate |layer 5, a

magnetic ecording, layer 6 and g brotect Lye, | ayer 7 a1 ¢ forimedd o or der
a [1qul upri can ayer 8 1is

. A chema
on a nonmagneti c substrate 1, “and ror eover
formed thergﬁ OBérpendicular magnetic recording medium of the present
invention.
Fig. 3
A diagram for explaining embodiments of the present
invention, showing one cycle of the output waveform obtained
using a spin stand tester for a perpendicular magnetic recording

medium produced in Example 8 and a perpendicular magnetic

recording medium produced in Example 1.

Embodiments of the Invention

Following is a description of embodiments of the present
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
intgrmediate layer 5, a magnetic recording layer 6 and a

protective layer 7 are formed in order on a nonmagnetic



In the present invention, for exanple a crystallized glass, a strengthened
glass, or an Al alloy plated with NNP as comonly used for magnetic
"recording nedia can be used as the nonmagnetic substrate 1. Aqhh
antiferromagnetic film conprising an alloy system containingt ,sQﬂZQF
hard magnetic filmin which the nmagnetization has been oriented in the
radi al direction of the nonmagnetic substrate 1, can as the
magnet i ¢ doMErHFESt Folalltdrttj‘oFgQE?r 3 1yfHed niuorRAERRt c}fayetrh %Fa&ﬁét‘?% donai n
controlllng | ayer. 3 is preferably about 5 to 300nm In the case that an M
al | oy syste ‘ﬂ?ﬁtronagnetlc filmis used as the magneti ¢ domai n
controlllng | ayer_.3 is preferable to use exanpl e a nonnggnetic

al l oy or nonnﬁ@ﬁet?c burd ﬁ%ﬁ%ﬂaqﬁﬁnsﬁﬁtéo?ﬁ Vtﬁﬂn WFBUBPE 8t uct ure
as the underla , this case, .an.under .7 1'14 SEP_2005
Forthe e et bR b0 e AL A E TR, B 5 BT TG URGer L aver 2
to control the fine %tructure of %he under | aye . Moreover, i.n the case
that a har d"MagHESFEt HTRE T Ube FP15sPE RS chﬁ%WﬁFﬁ:éﬁﬁpfgﬁP?ng | ayer
3, aC allo he like can be used as th nder | ayer 2 g S case as
el a pww%{%ﬂtlt St 2 G ta 6 & iy 60 i CREPE pP6e) Gbet MAREGH T he

t te dth d 2t I t he f t t
of the undc?t Sar %awa R R fifSeoL e AT 14T 3y DEofhe ke

~can  be usedagnset:[lrg:e u% Erageneti ¢ aunndler{telr?ngg até Pé{}erb% USI I?n%gnetlc

recording layer 6 and a protective layer 7 are formed in order
on a nonmagnetic substrate 1, and moreover a liquid lubricant
layer é 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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anor phous Co all oy, for exanple CoNbZr, CoTaZr or the |ike, good

el ectromagneti c conversion characteristics can be obtained. Regarding the
t hi ckness of the soft nmagnetic under |layer 4, the optinum val @%gplﬁ®
according to the structure and characteristics of the magneti d ed
in recording, but it is preferable for this thickness to be at |east 10nm
but not nore than 300nmin view of productivity. The internediate |ayer 5
is used to maghsthenl PFogepad atketvere sdfe neagaereEiandePstayee 4 and t he
magnetic recording layer 6, and also to control the characteristics of the
magneti c recotlengrdetyeérysr # nbarfiterilcths it sbrugtusforfabirtindesl | oy
can be used as appropriate. The thickness is preferably from5 to 30nm
The magnetic fe¥®Fding | ayer 6 conprises a rare earth - transition netal

al I oy anmorphous film Exanples of the rare 8 114 SEP 2095 earth -
transition metal alMcReCERBr pHOULERER] B2t Rchage MBetigndi B FetaseBut
there is nolimtation to these. Mreover, at |east one of _Ti, Zr, Hf, V,
Nb, Ta, Cr, MBS We Bagnetie dempig consreshing dedernst te (rapéledrdh the
transition metal alloy anorphous film wth the formof existence thereof
bei ng that it1ke a@Ri%%r #E§ddisheb R CRrOBYRT the Far dhdargase 2t edditi on
netal alloy anorphous film Alternatively, at |east one boride of Ti, Zr,
Hf, V, Nb, Ta2 Rurawgtvgf Andgrlayers maghba TredheR BV dsdebaRyeeR the
transition netal alloy anmorphous film wth the form of existence thereof
bei ng that it PRMYHIFGCFPHIAE Sadt hougRet s af £o%sprtrel 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 to magnetically 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
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transition netal alloy anorphous film Alternatively, at |east one carbide
of Ti, Zr, H, V, Nb, Ta, C, Mo, W B, Al or Si is contained in the rare
earth - transition netal alloy anorphous film with the form ép&—f&? bsence
thereof being that it is uniformy dispersed through the rar

transition netal alloy anorphous film Due to the elenent(s) or boride(s)

or carbi de(s) being unifqormy dispersed through the rare e transition
metal al | oy*3gY phiififgisfﬁtllﬁf1 %%%F#&OH&%IWO&&P‘P&%%P&Jrfhfgl%% WeEN

recorded bits areflx in the witten positions ﬁ)hrou t he eX|stence of
the additi &% <Precan %eﬁE%resrhsf PPy ™3 d8R 6t tPEEGr %F%‘i"&ﬁal% is
suppressed even durin recordi g at p h recordin den5|£ To a hleve a
hi gh recor dt5%5 WERSi ¢ TJ1't 4Fg ]?1 ’ceSS§ y ad GFsplrsdit Prethadi APdets

uni form throuhthe il EP 2 d of addin

el errent()s/) B bordersy orl Aﬁﬁ‘xﬁ dréa(rf) eﬁr 0 ti‘Fécapillgl%r {“ﬁg ! g%\#ﬁf{ti on
nmetal all oy_anorphou nmethod in which at ch the

addi t i ve(sglal?'l Hivg LTjeé’rthQdHé% I% HBrod%ﬁééat%rhch 't%hgrﬁala:]?ﬁj\?g( l‘ésl Yslare

. deposited ether_with the rare. e ranS|t|on or a
method fn whice eRt BB eignsdare R SR S e L
transition metzah ?L oy_anorp hous éarget and deposition |s carried out, can
be used. |t™F€né égga?'i}o Bt OUtsnef Oncentration of the el enent(s) or

bori de(s) or cargg%% lthefEertoIlgebat | eas T;L%g Pot\, nﬁ)rethan
20% In the case Itl 8171 he' TocBht 1A oR"5f ?ﬁﬁléieaaﬁ invEC8) s el than 1%
then becaus@ tBr @I %t P §1i 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. 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. Dﬁe to the element (s) or boride(s)
or carﬁide(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



additive(s) is too low, it will not be possible to sufficiently fix the
magnetic domai.n walls; if the concentration of the additive (s) is greater
than 20% then because the anount of the additive(s) is too hi
characteristics as a rare earth - transition netal alloy am)rphfgéssEP 12685
wi |l not be obtai ned suffici ently, and the nediumw |l no | onger function

.as a perpend| C magneti c_recardi ng nedi u To obtain ficient
characteri I nd?%%l%’emﬁﬁgﬁéf i ?:r 8ELTEf g OrFe&iaﬁLh‘d? i)

DoeP o Bl e .ﬁggﬁ,‘esfg%aet. 2hokliny Be.gl Lprst byt ot pre thar

the depos! (3 aﬁtipﬁ{ﬁié R errraPeoBht oL “HoRe MO Pt S o neRate Zoomorr
g?gf te:]:a(lzz)lkg se?e&?r:cafﬁlegolgggﬁﬁt’éﬁc rcgcrﬁ%@glﬁh%nﬁpsgthg%&s)prjﬁ @?FF\‘?%B?FI}W‘?% be
protecti v ToaReT st AEY %R i ibess eHb o T76 a&@gar W th a
Convent | oA o 6h H OF (R PEanE Ao SBE- BELa TloP 2t REATT T Y1 E87T cant
Rogar dF‘ngF?eﬁeer ila”p'aangﬁﬁ%%fr%%‘” REefly G GBP PR LRy et B oS HER B ho

t hi ckness, the condi.tio s tQ a normal magnetic recordi ng nmedi um can

be used as 1%.CEXARDI & If:oa}q g’w H§°Ts a description of exanples of the

present 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
additi%e(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
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i nvention; however, the follow ng exanples are nerely suitable
representative exanples of the present invention, and do not I|imt the
present invention in any way. Using a chem cally strengthened SI agﬁp
substrate having snooth surfaces (for exanple, an N-5 gl ass sdtds atzgmmade
by Hoya) as the nonmagnetic substrate 1, this was washed and then put
into a sputtering apparatus, and a CoZrNb anor phous soft nagnetic under

| ayer was depdsint ed00nTe0ONmTrendld ckin€ss phAt etpedinsgneftitem tecdsdimg Next ,
using a conposite target in which Ti, Zr, H, V, Nb, Ta, C, M, W B, A,
C or Si chi pslavear € pbateein dn t THComi apyefiierapaposiom ol dfo BRemmagneti ¢
recording |layer was carried out at a gas pressure of 20mflorr. 11 1 4 SEP
2005 The proporti of ssinvehsigddl iy we elapr it afsitvedt bim clranhe iped e therber of
chips placed on the target. The thickness of the magnetic recording |ayer
was made conﬁ%r@rttecﬁflvgogimyeﬁ nad | y, Regargangr ottdet i veondjeiordnefi sileg
carbon was deposited, and then the nediumwas renoved fromthe vacuum
appar atus. AHrogecthee lpsisasi’t $eeh édecEpe Eharknes sy heherggpretiitd opacwtesi ng

| ayer 6 was carried out using a DC magnetron sputtering nmethod under a gas
pressure of SHifdrr2a pe¥ehwardgdetac2naredind nadnmcganr bayesed conpki-sing a
per fl uoropol yether was formed using a dipping method, thus producing the
per pendi cul atoFg§Het @ ceeFrEFhgna hediused TRt eig alheaabdy FentFehddmet hod,
per pendi cul ar nmagnetic recording nedi a were produced, variously changing
the type of Wigedlgddrdivbalgapedayodr 8 he FeagrarPéer acdraifdgorapet vethethe

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 1is.

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, V, 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



magneti c characteristics were cal cul ated by neasuring the nagnetization
curve using a vibrating sanple nmagnetoneter. Regarding the el ectromagnetic
“conversion characteristics of the-perpendicular magnetic recordi ia
for which all of the |layers were deposited using the nethod iﬂdigg?gﬁlin

t he above exanple, neasurenment was carried out with an MR head using a
spin stand tester. The coercivity He and the SNR val ue (signal-to-noise
rati o, an el ectromagneti c conversion characteristic) at a track recording

d it f 350kF h i Tabl Ri 12 14SEP200 di. cul
nggigtycorecordiﬁ%eﬁ%g?épfﬁgF{&gr %?ﬁ%ﬂégée @ﬁﬁﬂ%% u§88§tg§8%%€§%ggT?f Zr,
Hf, V, Nb, T, Cr,, M, B, Al i. to th th - t iti
“metal all oytgér‘ror}‘ﬁ‘!’?&fs Of}/\ié{l‘h?s TA5IE 18ra%h§ %f—"rg%érr‘gf}% ?gfl%‘%}gl%ﬁ?agg: uleo'rll'bCO
. TbhCo: - odi ThbCo-1CatZr. ThCo-9atl |If . ThCo-]| i 0%V |..bUo-11 at % Ub
Thoool O St SRR G BEE PO IRYE T Gt o8O TRERS fo bR By FiRaT1y @

a bnmprotective layer comprising carbon was deposited, and then
the'medium was removed from the vacuum apparatus. All of the
deposition except that of the magnetic recording layer 6 was
carried out using a DC magnetron sputtering method under a gas
pressure of bmTorr. 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 characteristicsof
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



TbCc-1 Cat %5 TbCo-9at Y%Al ThGo- 1CaCA. C ThCo--9at¥%si H. P. W) A29:0 3880
3720 3430 3680 3780. 3990 3390 3840 3500 4120 SNR(at 350kM) - (d~)
13: 8 .4, . - . .

213 20.4 24 s.a 20 21: .8 19,2 2&L 14 SEP 2005

perpendicular magnetic recording media that were produced
adding about 10at% of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, B, Al,
C or Si to the rare earth - transition metal alloy amorphous

film.

Table 1

Table 1: Coercivity and SNR value

: { —_

)

TbCor8athSr
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



19:8 22,1 19.5: 20.7 2016. As a conparative exanple, the He and SNR
val ues are also shown for a perpendi cul ar magneti c recordi ng nedi um t hat
was produced wi thout carrying out addition of an elenent. In ths% Z:Q
SEP 2005 case of adding any of the el enents, He dropped slightly” conp Q
with the case that addition was not carried out, but a rel atlvely hi gh
val ue of He of above 3000 Ce was still obtained. Mreogver can be seen

that in the®3Reitat gy PStheo?l%{?FI’élsen%%Frﬁﬁge%étllEQFH’&E?mBﬁFe the SNR
val ue at a recordl n% density of 350kFCl was abqut 13. 8dB({Te§Lut b addl ng
Ti, zr, Hf, "% tRp.CEPE, tET @ ltwn B APE GIgA o onty T AREIEEATFY |

irrproved b bout 1 to 8.3d Mor. er, in the_case of conbining two
ornore of t%b‘ﬁhﬁ’&}élenﬁﬁt fon2 eti35§§ 0% A3 e?rtll)]/(ig8]88a3rr‘h etic

characteristics el ectronmagnefi ¢ conversion characteristics,.. can be
obt ai ned. Exanpl gofe%?beﬁuﬁ 5%pape nEdita WeF el pr 888e as'd ' AERAPPR 1,

except that_the ty f the chips d on t&?\] tar et was.mde to
be a bori de® Bf-"nTlde%ﬁngl-tfwas\/ "Rb ca‘fg uth’fhe rﬁ?é?r%ﬂ)%?ci vity

He and the NR val ug %{Hk}é%gear %(r:gé ‘i’jl? enS| ty(ff BS%F(%I gg shown in
- Table 2 for ’bse]rté’eﬁ GRetI n§ WredY 2IHIE it & pr dduced
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 TbhCo 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, Vv, Nb, Ta, Cr,
Mo, W, Al or Si to the rare earth - transitionmetal alloy amorphous

film.

14



addi ng about 10 at% of a boride of Ti, Zr, Hf, V, Nb, Ta, C, M, W A or
Si tothe rare earth -transition nmetal alloy anorphous film 14 El 4 SEP
2005 Table 2 Table 2: Coercivity and SNR val ue HeSNFt (ai 350kF?1) é%
TbhCa. 429013. 8. ThCo- 109E1323. 67, 24. 5 ThCo-1 Dt Zr B2359023. 6 THeD § 2

344623. 9:

TbQo- 12% G- W . 333024. 3 ThCo- 9%b6232x022. R ThCo- 109A83560%$3. 7 ThCo-

O %Al . B2. 3: 72022' 1. TbCo-9' at OASB. . 63660. 23. 4 As a conparative exanpl e,

f bCo- 11YaVH23570 TbCo- 10" %\b62. 3. 723, 1 ThCo-FO% a : 2: 402025: 5

t he

He and SNR val ues are also shown for a per pendi cul ar magnetic recording

nmedi um t hat

G'br‘?oduced wi t hout carry| ng out addition of an el enent.

with the results shown in Table 1, in the case of adding any of the
borides, He dfdpied sICPﬁﬁF?'\}lEbr?ﬂ]éir S§Rwehu¢ he case that addition was not
wi th the highest coercivity of 4020 Ce being obtained in the

carri ed out,
case that ThB2 was added. Even in

'T'b'ca—gat% 55 T

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. As with
the results shown in Table 1, in the case of adding any of the
borides, Hc dropped slightly compared with the case that
addition was not carried out, with the highest coercivity of
4020 Oe being obtained in the case that TbB; was added. Even in
the case of adding MoB;, for which the lowest coercivity was
shown, a value of about 3240 Oe was obtained.

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

15
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t he case of adding MdB2, for which the | owest coercivity was shown, a

val ue of about 3240 OCe was obtained. Regarding the SNR value, it can be
seen that in the cases of all of the additives, the characterjygtSep zm5

i nproved by about 8.3 to 11.7dB conpared with the conparatlve exanple in
whi ch addition was not carried out The case for which the hlghest 15 LI 4

SEP 205 SN Iu was obt ned was _added, wi.th
E% ﬁ tﬁ% g&B %ealne %E%% was gge?T]w th %

characteri I'ng ob alne OVEer, e case

corbi ni ng t"‘ﬁaorctrg)rrl +Q fhg5 Pé’é(e rrentl %%%q_nggrll\/%r%bve |l Y.
magneti c characteristics tronaanetlc CONVErsi on éharacterlstlcs

can be obta%ﬁegmpﬁ§9%% % Perpendlcul t%%d5%0$§%§eﬁ% Q¥qu§§de9 Exanpl e

1, except %he cﬁe pl aced on ef "Was made

to be a car Nb T g
BLAEd ltyhgoéﬂR pégiGrend |°r1tgarrlsFe‘é%Y\éu ngefédce Irontgfnepjgwdzo

coercivity

are shown | cul ecording nedia that were
pr oduced adglng ab out 8F6§§é£§£g%(%h§ Bi'de %?%ther Hf, V, Nb, Ta, Cr, M,

W B, A Fx fosthe rare earth - transition et al aIon anor phous film
Tabl e 3 Tab CberC|V|ty and SNR val ue HeSNR(at 35CkFCl) (Ce)(dB)

' TbC0429013. 8 Tb%rb%i&?ﬁ@%g(ﬂa were produced as in Example 1, except

that the type of the chips placed on the TbCo target was made
to be a carbide of Ti,Zr, Hf,V, Nb, Ta, Cr, Mo, W, B, Al or Si.

The coercivity Hc and the SNR value at a linear recording
density of 350kFCI are shown in Table 3 for perpendicular
magnetic recording media that were produced adding about
10at%$ of a carbide of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, B, Al

or Si to the rare earth — transition metal alloy amorphous film.

Table 3

Table 3: Coercivity and SNR value

Ho __ |SNR(at 350kFCD)
- (©e) | (dB) |
ThCo o 4290 13.8
TbCo-10%TiC |~ 3680 22.7
ThCo~10%ZrC 3440 234
ThCo-8%HFC N - 241
|ThCo-11%VE 310 [ 238
TbCo~11%NbC | 3530 | 23.7
TbCo-10%TaC | 3400 | 24.1
ThCo-10%Cr302 T 3660 1 . 225
ThCo-11%Mo2C ., 3570 218
TbCo-10%W2C | 3710 _ 235
ThCo-10%B4C . 3870 | . 236
TbCo-9%AI4C3 388y 1 229
[TbCo-9%SiC o 3420 23.7

16



ThCo- 10%Zr C344023. 4 TbCo- 8%Hf C355024: 1 TbCo- 11%/C372023.9 Tt Go- t

21" %\NbC353023: 7 ThCo 10%aC349024.1 TbCo- 10%Cr 3C2366022. 5

TbCo- 11%vb2C357021. 8 ThCo- 109\2C3710215 TbCo- 10%84C3870' 23. 6 Yk SBP 2005

- 9%Al 4G3348022: 9 TbhCo- 9%5i C342023.7 16 As a conparative exanple, the He
and SNR val ues are also shown for a perpendicular magnetic recordi ng
medi um t hat was _produced w,t.hout carr in gdé&éoglofsqgmglenent

with the resultéksﬁoﬁwpp%fafagﬁeeﬁ?mp ’the c s@n foadding“any of tRe

car bi des, Fb dropped sl ghg%g qpared ith the ¢ s e th qgglthgg was not
carried out P HoWevEr 2 &VER |nl? e casd 6t S C° gmﬁlc he “CodFai vity

val ue was | owest of ut \Was btal ed e rd|n t he SNR
it Cgr de&iw1%#HaF en 1 g.Q gs dé}%lopl aqleq 'B gal ¢ tgh

-val ue, e Seen hé9c8se arti ves
characteri sti¢ JImnoyedy by, abonty, 8 1%0t398a%%"99raedwgn

per pendi cul ar nagnet c Tetor I NQ d i dm of - the conparatﬁve %xanppe for
whi ch addltlo s. n carried qu he h| hest . $ V2 ue bt ai ned
when HfC or© #%%?mds?%dgeapp 7 gﬁ ﬁzé% eﬁiﬁégﬁ Fecordi gensity of

35CKFCl Dei ngd 1ojndv|%as M%rtegélgrled no{[_lpe H%%%ge r, e%%gb Itﬂg éavé% of SiC,

for which the coercivity value was lowest, a value of about
3240 Oe was obtained.

Regarding the SNR value, it can be seen that in the cases
of all of the additives, the characteristic improved by about
8 to 16.3dB compared with the perpendicular magnetic recording
medium of the comparative example for which addition was not
carried out. The highest SNR value was obtained when HfC or
TaC was added, with the SNR at a linear recording density of
350kFCI being 24.1dB. Moreover, in the case of combining two
or more of the above-mentioned carbides, similarly good
magnetic characteristics and electromagnetic conversion

characteristics can be obtained.

Example 4

As an example of cases in which a pure element is added,
using a composite target in which V or B 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.
17



“or nore of the above-nentioned carbides, simlarly good nmgnetic
characteristics and el ectromagneti c conversion characteristics can be
obtai ned. Exanple 4 As an exanple of cases in which a pure el gneSEPigy
added, using a conposite target in which V or B chips were placed on a
TbCo target, perpendicular magnetic recording nedia were produced, with
the proportion of the additive c%ntai ed.i he rare earth - _transition

in
metal alloy anor pREUSOFEFABEY ng Cadidst e h%hgiehg The® nubBFebf chi ps
| aced on the target., 17 .1 4 SEP.2005 The coercivity .He th NR val ue
| gt a li nearre‘foerc‘%'% i i e tcilgo?gg‘% T ar Egg‘ﬁ%v\% i %ee 4131 ?%?
erpendi cul ar__magnetic recordi.ng nedia that were produced w.th th
Eongent rat i DA ot lﬁghgadilfl?qpeetblgﬁ nﬁe%%ﬁm. m%dll%pt%dcom%eraes 5 gug‘a&ai tive

for which thetkgt{%rea%toeri stics were_best and V .as. thecgddi tév for which

the charact & 5t1°Es “RRFE” Wot st° T%I%e4’a'f1§%fcévi:bedbnegr chVitSy~and SR val ue
He SNR t 350kECt | i dB b 429013, 8, ThCo- lat 9%/ 4150”1511 Th.Co 1 1
ati %/g2801 g ‘T-%@gllég%ﬁ)&is%%gig}“f‘%c%-%ﬁ?%‘&i%%ﬁ%Cfbc%‘?ﬁe hfohar2016. 5

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

Table 4

Table 4: Coercivity and SNR value

Hc TSNRlat 350kFECH
. _ ©e) | (dB)
TwCo . 4290 | 13:8
TbCo-lat%Vv 4150 151
ThCo=1YathV | 3680 189
TbCo-18athy [ 3080 15.7
{TbCo-25at%V ~ , 2130 86
ThCo—1at%B R 4220 16.5
TbCo—-10at%B 4120 b 221
TbCo-20at%B 1| 3680 16.3
TbCo-26at%B | 2450 101

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 1l at$%$ or more, the SNR
value at a recording density of 350kFCI shows a good value of
over 15dB.

18



TbCo-1 Cat %©B412022. 1 TbCo- 20at %B368016. 3 TbhCo- 26at %B8245010.1 As a
conparative exanple, the He and SNR val ues are also shown for a

per pendi cul ar magnetic recording nediumthat was produced wt qgiéts = i ng
out addition of an elenment. In the case of either elenent, He (‘:|£ ases
nonotonically as the concentration of the additive increases, and in the
case that nore than 20at% i s added, He becones a_value |ess than 3000 Ce.
In the case of ei'PHEVCE} éRdrite CEiF %fjaijﬂbn%eé’f%]b?l%‘?rét,' thEPSRROUDY| ue at a
recording density of 35CkFCI shows a good valuye of over 15dB. 18 1 4 SEP
2005 Howevefdd§he¥ABSEaASY2GF Hirdl hgS e“i%tRh\é%l‘tﬁ 8ReRT AP PPEhE BRGARE™I added
exceeds 20at % t.hen the 6Sc[i\lR,vaI ue drops abruptlg, (?ec,on‘i g% a val ue of 8.6dB
in the case?ofPNafd Lo°B™ FRctFeccale’ GBIV 148 ddh *AuS He °Leln that in
the case of _either of the elenents, it is necessary to make the anount
added at | eBSCAaEBIBAS RGER THoTeLt T SBRT 05t BXGRH ©TStAS SATERARDl e of
cases in which a boride is added, usin a conposjte target, in which TaB2
or A1B2 chibsWBFESPFAed Cofi?ka BRFCA™ P A y&ddehe? herfdistulrar® mignBet ¢
.recordi ng nedia wer e grpduced, with the proportion of the additive

cont ai ned i F°t1he"¥af8%4rth - transition metal alloy anorphous film being
adj usted by changi ng the nunber of chips placed on the target. The
coercivity He and the SNR value at a track recording

Example 5

As an example of cases in which a boride is added, using
a composite target in which TaB, or A1B, 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
concen£ration added of the TaB, or A1B,. 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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density of 350kFCI are shown in Table 5 for perpendicular nmagnetic
recording nedia that were produced while changing the concentration added
of the TaB2 or AlB2. TaB2 is shown as the additive for which 4hepp o
characteristics were best, and Al1B2 as the additive for which the
characteristics was | owest out of the borides that were deposited. 19

- 14SEP2005 Table 5 Table 5: Coercivity and SNR val ue HeSNR(at 350kFE) (O
e) (dB) ThCo 429013.8 ThCo-1%aB2 418016.1 ThQo-1QLl/' TaS2 402025, 5

TbCo- 19%aB2377017. 1 TbhCo- 25%aB2 259012.5 ThCo-1 %Al B2 419015. 3

ThCo- 10%Al . B2 372022.1 fbCo-19%Al B2 321016. 7 ThCo- 23%A1B2 258012.6 As a
conparative exanple, the He and SNR val ues are also shown for a

per pendi cul ar magnetic recordi ng nmedi umthat was produced w thout carrying
out addition of an elenent. In the case of either boride, He decreases
nmonotonically as the concentration added increases, and in the case that

. nore than toJs added, He becones a value |ess than 3000 CGe. In the
case of either boride, by adding lat% or nore, the SNR val ue

Table 5: Coercivity and SNR value

He  |SNRlat 350kFCI)
TbCo L 424C 1 13.8
IToCo-1%Ta82 | 4180 | 16.7
TbCo—*IO%TaBZ - 4020 . 255
ITbCo~-19%TaB?2 | 3770 | 171
TbGo-25%TaB2 ey 2590 , 125
ThCo-1%AB2 ~ } 4190 | 153
TbCo-10%AIB2 ' 3720 ,- 22.1
ThCo-19%AIB2 : 3210 | 167
TECo-23%AIB2 1 2580 126

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



at a recording density of 35CkFCI shows a good val ue of over 15dB.

However, in the case of adding either boride, if the anpunt added exceeds
20ato then the SNR val ue drops abruptly, becoming 20 1 4 SEP-?% gl ue
of 12.5dB in the case of TaB2 and 12.6dB in the case of It can
thus be seen that in the case of either of the borides, it is necessary to

make t he anpunt, added east lat% but not nor n 20a % le 6 As
an exanpl e 8P”€a§e8% Hfﬁﬁicﬁn'uFaFé%ae:%gagddﬁdi?as?%% 8%ﬁ3§3? t ar get

o A R R

additive contaij the rare ea ansition | o [ phous
film being g%ﬁﬂ tﬁf Eﬁﬁﬁaf%EV Imﬁﬁh%g? Bre ﬁggﬁngeLe%ﬁ% ng target .
~The COEFCIV% % O o E alue at a track recordlng density of
350kFCI homnn}ﬁ Ta P8 6’3t perpendicul ar magnetic recording nedia

that were produced while changlng the concentration added of the Hf C or
MbZC. HHC is shown as the additive for which the characteristics were
best, and NQZC as . the additive for which the characteristics was | owest
out of the"*¥3Mi%&s that were deposited. 21 LI 4 SEP Table 6 Tabl e 6:
Coercivity and S%R val ue

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. HfC 1is 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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SNg6t 350 cl). (C) GO ThCo425.0 TbCo- 1: %H C420016. 3: TbCo- S%Hf (B355024. 1
ThCr aaO¥Hf QB0' 1 015. 7 ThCo- 22%Hf O2760. 13: 6: ThCQ 1%b2C41$ :Q15 9 ThCa
1:19D2C357621: 8 Th. Co72@G402C3170154. ThCo~24Mb2G~-33QL1. 1 As tive
exanple, the He and SNR val ues are also shown for a perpendi cbl ar etic
recordi ng nmedi umthat was produced wi thout carrying out addition of an
element. In the case of either carbide, He decreases nonotonically as the
concentrati on Ta#de€d6i ncreases, and in the case that nore than 20at%is
added, He becones a value less than 3000 Ce. In the case of either
carbide, by ad@bdg Pat Gporciitity, apHeSMNRaAlcue at a recording density of
350kFCI shows a good val ue of over 15dB. However, in the case of adding
either carbide, if the anount added exceeds 20at%then the SNR val ue drops
abruptly, beconjng a.value of 13 6dB |n4th case of HL.C and 11.1dB in the

case of M2C. It|can thus be seen thaL H cas¢SHRE IMEFCDOT t he
carbides, it is | at (Bhst ljat % but not
nore than 20at % | 138

| T&Co¥2o' Mo?..c_ﬁ
TbCo~24%Mo2C

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 HfC 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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Exanple 7 As an exanple of cases in which a pure elenent and a carbide, or
a pure elenent and a boride, or a carbide and a boride are added at the

same time, using a conposite target in which Ta and W2C chi PS4 f%Eerzm%”d
NbB2 chips, or TiB2 and Cr3C2 chips were placed on a ThCo target,

per pendi cul ar magnetic recording nedia were produced, with the proportions
of the add'tiv!glz (;Iontai ned in the rare earth - transition netal alloy

anor phous f el fg adj ust ed by changi ng the number of chips placed on

densi (y of 350KFGE AR EHUBIE 197 TABFS 781 The peFpendt CUTHT “Raghet i
recordi ng nedi a. erodurced. uTablg 7 Tattl)_l ed7: kgjoe.r eivioty and SNC!]R;DvaIduae
HeSNR( at 350RECH '((?Oe) f‘d(l)s‘i %mh?‘@%“_t?&o-i a‘E% K1 ;%/\ic%%%l C5%3at vara
SIECIID, THSh: I3 SLTRMECII0 I Crod oLl LI e
Thoo- gat %i - - 99 233Q017, 9, ThCo-1 12, t/.Z r-r 11 9N bB229.4013,.9 TbhCo-1
ato B2 LA SOAT00 16 Chbte: 3 a8 e RS CECE
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

He [SNR(at 350kFCI)

_ b ©e) L 48
TbCo. _ ] 4290 138
TbCo=1at%Ta=1%W2C | 4080 187
TbCo-bat%Ta-5%W2C | 349 1 224
TbCo-11at%Ta~9%W2C. ) . 3150 . 1538
|TbCo-13at%Ta~11%W2C | 2260 115
TbCo~lathZr— 1%NbB2 4110 | 153
ThGo-5athZr—5%NbB2 | 3580 207
IThCo-9athZr_9%NbB2 | 3300 179
ThCo=11athZr-T1%NbB2 | 2940 13.9
TbCo~1at%TiB2-1%Cr3C2 4200 162
[TbCo~5athliB2-4%Cr3C2 ¢ 3660 | 234
ThCo~10at%TiB2-9%Cr3C2 | 3130 161
[TbCo~11at%TiB2-10%Cr3C2. 2470 14,5
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ThCo- 10at %di B2 93 Cr3C23130161 ThCo-| | at%li B2 1.0%Cr 3C2: 247014.5 23 A 4
SEP 2005 As a conparative exanple, the He and SNR val ues are al so shown
for a perpendicul ar magnetic recordi ng nedi umthat was prOdq?%SSEbt ut
carrying out addition of elenments. In the cases that a plurality ofTadded
el ements are conbined, as wwth the cases that addition of a single
additive is carried out, by adding lat% or nore, the SNR value at a
recordi ng density oks 35ONRGEIratiNevexamrdeedtivaligeand SYRevalimgBare lddwever ,
if the anount added exceeds 20at% then the SNR val ue drops abruptly,
beconi ng a valshewhefar tthaerpsdsicular gmynethgsréeomtiag mhdiun thate vegse
that addition of a conmbination of a plurality of a pure elenent, a boride
and a car bi depPirgduged piigHopticazsyiwy outigddiginacadsebenents -nk Ehe @ sgsount
added at least lat% but not nore than 20at % Exanple 8 Using a chemcally
strengt hened §hass sobst3kity habi sgddedmismiensar faeesondigredexanpieh the N-5
gl ass substrate made by Fb¥a) as_the nonmagnetic substrate 1, this was
washed and t héaseputhatheedatiputeferd nglapbaradtdisivand sacFaripdeutaydy was
deposited to 5nm an N FeCr orientation controlling layer to 5nm an IrMn
magnet i ¢ donaPAdeBHtia Y PRGESeitheoSNONFRIVE 2tCoZr MF R nEheeRs Sof of
magneti ¢ under | ayer to200nm and a TiCr. internediate filmto 15nm Next,
chips of Ti, 2POkFfI showpza g9ad gluavet wyeB 1%B- C or Si or a boride or

carbide thereof were placed on a ThCo target, and deposition was carried
out 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 1lat% 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, anda TiCr
intermediate film to 15nm. Next, chips of Ti, Zr, 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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at a gas pressure of 20nTorr. 24 1 4 SEP 2005 The proportion of the
additive was adjusted by changing the nunber of chips placed on the
target. The thickness of the magnetic recording |ayer was nadd kSEBt28% at
30nm Finally, a 5nm protective |layer conprising carbon was deposited,
and then the medium was renoved fromthe vacuum apparatus. All of the

d t t .that of th t d d t
ueing @ DG ﬁé;ﬁﬁﬁhgn%gsﬁ?f%lﬁew %%?ﬁb%d Tddr %é‘%aasda*%%s?sw st Salitorr

Al ds, .a 2 | ub £l | yeth
e {0y meq. GEP G b1 15 PEnB et PG S0 it RELgerRRA cOar

magneti c recordlggzrgg rgln 9%& el the abq&gcg%gElerq:gggﬂo%,nagggendlcular
magneti c rec%rdlng nmedr a re-pro dliiced, *Variodst anglng t'h and
proportlon th dd|t|v added to the eticr cordl . The
Tagnet | ¢ chardd gy el iiias %a?f%&e%assur. S el el on
curve using R %&Qﬁu&yng ng d ﬁgngEgneter ara Sthglfh%pkhgnagnetlc
conversi on —characteristics o e perpendfcular gnetic recording nedia

for whi ch alLoof; Lig, Lavers uereodanasi fed using L, JLod, | ndi,cated in

_the above exaﬁp . nmeasur was carrie using a

spin stand Lestely g PaILJ Guban, difier pngputwgm sk i the. paggeLic

characteristrcs erpendl curar nmagnetil Cc cordi ng

medi a produge déﬂ%ﬂé"%ft h&rOEE hogk 0 rv@%%gp' %eﬁm@'ﬂqh% 105EPend Gular

magnetic re medi a roduce

comprlglng a perfluoropolyether was formed using a dipping
method, thus producing the perpendicular magnetic recording
medium.

Using the above-mentioned method, perpendicular magnetic
recgrding media were produced, variously changing the type
and proportion of the additive added to the magnetic recording
layer 6. The mégnetic characteristics were calculated by
measuring the magnetization curve using a vibrating sample
magnetometer. Regarding the electromagnetic conversion
chafacteristics 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
characferistics 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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met hod of Exanple 1. 25 14 SEP 2095 Onecycl e of t he out put wavef orm
obt ai ned using a spin stand tester for a perpendicular nmagnetic recording

medi um of Exanple 8 is shown in Fig. 3. As a conparative exagl eSEFIEZ@?m
out put waveform for a perpendicul ar magnetic recording nediu {5 |l e

1 in which an underlayer and a magnetic domain controlling |ayer are not
provided is also shown in Fig. 3. In the case that there are no underl ayer
and magnetic donai PPEEREFDPEI g agetPutunBIBaf Pt kebhairesd petrg & spin

t hroughout the whole cycle. In contrast, it can be seen that if_ an

underl ayer  S&ARYACSRGHefPE ddRFRSNEsARERY MaggeLag eFe aTd 1pBoMedb ofhen no
spi ke noise occurs_at all. This is because if an underl ayer and a

magneti ¢ domaifHaEBhe Potd PRGYE APdridart PF SVFUBRTALAER eXFEGMHEL TR YRS wal | s
are not formed in_the soft nm netic,unger | ayer., Advant ageous Effects of
the I nvention"AYSHREE§ Ved 2abBFEHECH GENSIBIHE FRESEANY MRHHTORL in a
per pendi cul ar nagnﬁtic r.ecor di pg nediun1coq£risin at least a soft .
magnetic undeF*PERET, Lad? MeFhedlat@drayRaYer a MGnet i Pt uidaidyer, a
protective layer _and a liquid lubricant |ayer ., built up in order on_a
nonnmagneti c sIBEEFR ‘“1ﬁgyﬁﬁgﬁ§FiE°tﬁ%€8F Phg S ayee FhevBotiButtd I om a
rare earth - %Eansition metal all oy anorphous film 3nd at |east one of

Ti, Zr, H, VEPENG*STa, TRt WMSTWATS TR UNECInaYeF ofdamaMGidE SO™Earbi de
thereof is COﬂtalﬁfd,ln the rare earth - tranpsition net%&o%nggt %ggrphous

film with thEPbFatbReAr eEndeerRBIETHpelpse oocuzs ¢

whole cycle. In contrast, it can be seen that if an underlayer
and a magnetic domain controlling layer are provided, then no
spike noise occurs at all. This is because if an underlayer
and a magnetic domain controlling layer are provided, then

magnetic domain walls are not formed in the soft magﬁetic under

layer.

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 1s constituted from a rare earth — transition
metal alloy amorphous film, and at least one of Ti, Zr, HEf, 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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26 i A SEP 200 that it is uniformy dispersed through the rare earth -
transition netal alloy anorphous film as a result, conpared wth the case
that the perpendicul ar magnetic recording nmedium is produced yu tSEPUL05
carrying out such addition, extrenely good characteristics can be obtained
at high recording density. It is necessary to nmake the concentration of
the elenment (s) or  boride(s) or carbide(s) thereof added be at |east 1%
but not nore tR&n1L0ds andfermhyi fdiERarsedl i tYrordehe i verare@ddded  at
the same tine, a perpendicul ar_magnetic recording nmedium exhibiting good
char act eri sti ¢¥2Baat b gied@dcadlofprreyeroun\fidrovedlingeshét orcdgatgral ity
of underl ayers and an antiferronmagnetic |ayer for nmagnetic domai n control
of the soft E§RctheccaprIéhar fyfer PHersEiTIRE ToleddReta©rddapstiediamand
the soft magnetic under |ayer, spike nojse due to magnetic domain wall
formation in tfe R pEgnEtthoutayeR T 1Ay beut ofpfieresiy tiappresisedre lthi ch
is extrenely desirable when nmaking the perpendi cular magneti c recording
medi um fit foPCoBrRerpreberidd. cs he¢ ﬁf]Bg%l,netdn%t net bgeePr Felderiii-ng t he
per pendi cul ar _magneti c recordi ng nedium of the present . invention can be
carried out usitnt® afeeR? IR hGOrBHLR 55?Lﬁqwntéﬁgé‘i’%ﬂﬁs’?h%ﬁ&eﬁ‘@%és)(rﬂrs
nmethod is suited, to mass production of high-capacity magnetic recording
medi a. 27 L9 EOSEﬁeQ%j(ﬂﬁﬂq%§blde(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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1. A perpendicul ar magnetic recording nedium conprising: a soft nmagnetic
under layer; an internmedi ate |layer; a magnetic recording Iayer conpri si ng
a rare earth-transition netal alloy anorphous filmand at gyg,sgnqmﬁof
Ti, Zr, H, V, No, Mo, W B, Al, Cand Si uniformy disperse inthe rare
earth-transition netal alloy anmorphous film a protective layer; a liquid
| ubricant chayelk, and a nonmagnetic substrate, wherein the soft nmagnetic
under layer, the internediate |layer, the nagnetic recording |layer, and the
protective layer are built wup in a predeterm ned order on the nonnmagnetic
substrate. 2. A perpendicul ar magnetic recordi ng medium conprising: a
soft magnetic upder | aye |nterne i.,ate la netlc recordlng

| ayer, coﬁpr|5|§g per%ueéi%%$%% n3|€fbﬁe%%¥§}n%ﬂF%§qhﬁnr PhBUS T 7 m and
at least one of Ti b g M, W B, A C and Si

uni formy dlsp8r§8ﬁtlﬂa9ﬁ§ FSrEn art a¥?5n5|t|on metal alloy anorphous
film a protective layer; a liquid |ubricant layer; and 28 1 4 SEP 2905 a

nonnmagneti c subéﬂré?éermﬁéﬂéFﬁ LtA¥eE6ft magnetic under |ayer, the

internediate |ayer, the magnetic recording layer, and the protective |ayer
are built a magnetlc recording layer, comprising a rare

earth-transition metal alloy amorphous film and at least one
of Ti, Zr, Hf, V, Nb, Mo, W, B, Al, C and Si uniformly dispersed
in the rare earth-transition metal alloy amorphous film;

a protective layer;

a liquid lubricant layer; and

a nonmagnetic substrate,
wherein the soft magnetic under layer, the intermediate layer,
the magnetic recording layer, and the protective layer are built

up in a predetermined order on the nonmagnetic substrate.

2. A perpendicular magnetic recording medium, comprising:

a soft magnetic under layer;

an intermediate layer:;

a magnetic recording layer, comprising a rare
earth-transition metal alloy amorphous film and at least one
of Ti, Zr, Hf, Vv, Nb, Ta, Cr, Mo, W, B, Al, C and Si uniformly
dispersed in the rare earth-transition metal alloy amorphous
film;

a protective layer;

a liquid lubricant layer; and
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up in a predeterm ned order on the nonmagnetic substrate, mherein a
concentration of at |least one of Ti, Zr, H, V, Nb, Ta, C, M,

and Si in the rare earth - transition netal alloy am)rphous fi lH|&EPa2[|U5
| east 1 atomic % but no nore than 20 atomc % 3. The perpendi cul ar
magnetic recording mediumas clained in claiml, further conprising: an

under | ayer; and_a o] rolling |ayer, wherein the
under | ayer and ?hegﬁggﬁ %gdgﬁglaggg%frolllng | ayer are between the

t bst d th ft di cul
Tognet ¢ FEESFA G et U eorios PR Lot t ds%ga&’éeemﬁﬁagxepi@ﬁe” an

internmedi ate | ayer,, a magnetic recordl ng | ayer conprisin

eart h- t r ah§FtH ?ﬁe’t%lreéplrgﬁnénﬁ%uénﬂ Fhe %@f'&tctlléfﬁsjfalﬁ% arl?ol?‘llﬂ%t of Ti,
Zr, H, V, Nb, Ta, &, Mo, W Al or Si uniformy dispersed in the rare
eart h-t r a#Bi tifon arrePa‘Iedﬁltlew‘l&ﬁﬁ‘r pHeeET 91 IS anprer et ie seheErabnd a
nonmagneti ¢ substrate, wherein the soft magnetic under 29 94SEP2005 | ayer,
t he i nt er wbdirata Bag@ngeltlhea’ﬁ'aglned?f At sl mnd ayfefi, dmnd e Proilective
| ayer are built up in a predeterm ned order on the nonmagnetic substrate.
5. The pefpentlt cMcar Wpeigheti end ecr dnngheedingneasthblaitmedsiitioal metal,
further conprising:

alloy amorphous film is at least 1 atomic % but no more than

Q

20 atomic %.

3. The perpendicular magnetic recording medium as claimed
in claim 1, further comprising:

an underlayer; and

a magnetic domain controlling layer, wherein the
underlayer and the magnetic domain controlling layer are between

the nonmagnetic substrate and the soft magnetic under layer.

4. A perpendicular magnetic recording medium, comprising:

a soft magnetic under layer,

an intermediate layer,

a magnetic recording layer comprising 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 uniformly
dispersed in the rare earth-transition metal alloy amorphous
film;

a protective layer; and

a nonmagnetic substrate, wherein the soft magnetic under
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an underl ayer; and a magnetic domain controlling | ayer, wherein the
under | ayer and the nagnetic domain controlling |ayer are between the
nonmagneti c substrate and the soft magnetic under layer. 6. A1} SEP 2006
per pendi cul ar magnetic recordi ng medium conprising: a soft magnetic under
| ayer; an internedi ate |ayer; a magnetic recording |ayer conprising a rare

earth- ”a'l%'y'b'ront%t %ték}nebﬂléﬁ@r%%% f'th[%ﬂ ﬁQQné’cﬂ:e@é&oP&?n cappide of
Ti, Zr, , ND, Mo, W aniformy dlspersed in the

rare eartg hr@ﬁ' f&é‘eé‘ﬁtxﬁé 1%'§)e0rya%%05g9998 140 paBcoLentiua Laver: @

liquid lu rlcan ayer and a-“nonmagnetic s UPst'T & erein e so

magneti c und h Oé eclntg gedé%te | ayer, the magnetic recording
| ayer, and tHe B ngPl & |SV P&P&EShui | t up in a predeterm ned order on
t he nonmagnetic substrate. 30 1 4 SEP 2805 7. The perpendi cul ar nagnetic

recording nediumas claimed in claim6, wherein a concentration of at
| east one carbide of Ti, Zr, H, V, Nb, Ta, &, Mo, W B, Al,_ Cand Si in
the rare SearthThPaRerPeRAlFelar BRAUDBYTARDFRABLIIRY| Hedsunt a$ eabined at oni ¢

% but no nore than 20 atomc % 31
in claim 4, further comprising:

an underlayer; and

a magnetic domain controlling layer, wherein the
underlayer and the magnetic domain controlling layer are
between the nonmagnetic substrate and the soft magnetic under

layer.

6. A perpendicular magnetic recording medium, comprising:

a soft magnetic under layer;

an intermediate layer;

a magnetic recording layer comprising a rare
earth-transition metal alloy amorphous film and at least one
carbide of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, B, Al or Si uniformly
dispersed in the rare earth-transition metal alloy amorphous
film;

a protective layer;

a liquid lubricant layer; and

a nonmagnetic substrate, wherein the soft magnetic under
layer, the intermediate layer, the magnetic recording layer,
and the protective layer are built up in a predetermined order
on the nonmagnetic substrate.
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114 SEP 2005

7. The perpendicular magnetic recording medium as claimed
in claim 6, wherein a concentration of at least one carbide of
Ti, Zr, Hf, Vv, Nb, Ta, Cr, Mo, W, B, Al, C and S8i in the rare
earth-transition metal alloy amorphous film is at least 1

o

atomic % but no more than 20 atomic %.
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