e3ei,i|(()D*:+Nd, 6, T, T] 71 ~~1 YI ' ~~~] ~~I | U UB PERPENDI CULAR MAGNETI C
RECORDI NG MEDI UM AND THE METHOD OF MANUFACTURI NG THE SAME Field of the
I nvention 5 The present invention relates to a perpendi cul ar nagnetic

recordi ng nedi um and the nethod of manufacturing the perpﬁwﬂwmmMﬁmmmmﬁnetic
recordi ng medium Specifically, the present invention rel !

per pendi cul ar magnetic recordi ng nmedi um nounted on vari ous nagsedt C
recordi ng apparatuses and form ng recordi ng nagneti zation in 10

per pendi cul ar to i f t d of

manuf act uri ng théﬁgg?ggﬁﬁh§GEéﬁgh@gﬁ@hﬁﬁhfgégﬁﬁﬁﬁﬁgﬁigﬁgEﬁ cri bed above.
Prior Art 15 As WieGapRGinTatoR pEaATeaTeld PURING TipE&0apsuch as the
external stor ages of conputer s becone larger and Targer, higher recording
densities have been proposed for magnetic recording nedia. The conventi onal
magneti c recording schene mainly enploys |ongitudinal magnetic recording
that orients the recording magnetization in parallel to the recording pl ane
of 20 the pmgnetic recordi ng medium Recently, perpendicul ar magnetic
recordi ng { @(%ﬂh%ﬁPEﬁqmﬁﬁrecording magneti zation in perpendicular to the
recording pl are, of .. JC r.di n di . tr p:0g much
attent%on clue (%£F%%%ﬁggggﬁﬁhggfﬁ%%sﬁ?agﬂ%ﬁgsﬂgkﬁﬁghgﬁﬁﬁgﬁg?%?%éa%%nsity.
25 The reeerdlupg a1RdithEe acehodi 60 hantfetpenpenid pekpsndiBgnat ntagehr di ng
schene (hereinafter referred to as the "perpendi cular magnetic recording
medi unt') reesrdies modigmet ipecdalldi nghe apeeseat dnwemdonagebitee to @mteri al

and a under,lgyﬁr of a soft. m ng%jc natFriaI fo% onvegﬁingithe n%%netic
fl ux g_enelpgf%e (_ ?1(’)1(?11 amﬁﬁﬁﬁ i TRE a’gemﬂ(&}lé"d nfopunr EEoY % éﬂ”ll gﬁg{let e
magnetic peRUMAT dpatudRTr Bld oYfofmyss al rdcbldBigar gnaisedismidy ¥ ior the
material of the magnetic recording layer for the perpendicular magnetic 5
r ecor @9 ng prepkindiculine tanbhehoersrdingoyplbng mhaeblidang &or the wmathdd edferent
and a transition netal  and qsed.foi the magneto optical recor in%. terial
is very hSpRURCHEINg HbenReEPeaiicnar mashidi e tPeo G e AY P afeictihed: he
perpendic%%gpanagnetic recording nmediumdue to its |lar ge perpendicul ar
magneti c ani sotropy constant Ku. Hereinafter, the anorphous alloy film
including a rare earth elenment and a transition nmetal will be referred to
as the "rare-earth-transition-netal anorphous filnl or sinply as "the
anor phous alIQ% film. The anorphous alloy film having a conposition near
t he conpeﬁ?&?i ¥ point is used for the magneto optical recording. However,
it is;d5 diffi - ﬁ.{g) ahd oyt [ r [
nagne%%c reco#%?#%ak??%éﬁFgﬁgal i ca %ﬁ? £§g6g£¥%%%%%%$§?§e 0%%%§ﬁ§ of the
anor phous sédiagys bf lebiiputé Rebeme $hkded Miidlggcdl BidhdrtikeogbApaksRithian poi nt
i s much higher than the coercive force, which the pezpendi cul ar magnetic
recor di ng heaeebeans paerosedqdpy etragsetighretardimn wedist-erher copaestpnald by
the Invention .. .. , o T

magnetic recording scheme mainly employs longitudinal magnetic recording

that orients the recording magnetization in parallel to the recording plane of

20 the magnetic recording medium. Recently, perpendicular magnetic recording
that orients the recording magnetization in perpendicular to the recording
plane of the magnetic recording medium has been attracting much attention

due to the hopefulness of realizing a higher recording density.

25 The recording medium according to the perpendicular magnetic
recording scheme (hereinafter referred to as the “perpendicular magnetic

recording medium”) includes a magnetic recording layer of a hard magnetic

: AR

*G00002*



I-n these days, noise reduction in the perpendi cul ar nmagnetic recording
medi a, which mainly use the CoCr alloy crystal for the magnetic recording
mat eri al thereof, has being explored to realize a higher recording density.
25 The noi ses of the magnetic recording nmedia are reduced by thinning the
magnetic retording layer) by mnimzing the dianeter of the CoCr crystal
grains) or by pronoting segregation of a nonmagnetic elenent to the grain

boundary. However, these_nethods caus? the so-called then mal f] uctuation
that i npaitraterid ambenandey hpreri efya golt magnesisr Betednly il CESINgoRRS i nes,

30 erases I I 2 ] | t ent
aopl 1 oot ShegrETRANT kT Soma e BRI R BRERA e ShRL FREALT B
magneti C 1tBeahdbNetiIRekIT X T ICHCe¥16Y lcepitalidnet Ak abed aghigly $&i CS s
obt ai ned by providing the mediumw th an R-Fe-B | ayer exhibiting a high
coerci ve ftopgeatentadradithemagnelpe esentding\thyeprfon thagewrndieularionagestic t her e
exists_a certaln lim.tation in realizing a high recording density in the
magnet Pc rEEJAHRHFGHEEM, i ncl uding a magnetic recording |ayer having a
grain boundar ypihierghfbhddt RIRG! kit ihBGAHRONE itie SRATINMERE fhd ne! uding
a magnetic recording layer having a grain undary therein has no way but
to perfor nraedtiow metad aidl opat fitri thiesmapnatd owicad aecdidigg dexteiria) s kary
contrast to the CoCr crystal filmthat has a grain boundary) the,

rar e- ear t fopeisior the miterial ahbhe masneatiq jecording dayenidy He derpendiddadary .
The si gnal itten ingsthe o] al ] oy fi are shi f: or ,
since 15 fﬁ%ggﬁéép 88§hég|6§&$%ﬁﬁ1§§Ssk%oﬁsh%%gkndg?é?ﬁ@%ﬁﬂﬁoﬁﬁgég&?ﬁe

si gnalis Waritdtesp} kensteind 1dh. HegeindiftdrathsianesrphShkfdlloyr fikh aslidiagaf the
w itten signals are |liable to happen especially when the signals are
written atrage heaghhf elegursiicpndag ftaansisionhanetal evdhrhen vefapned t foomsnblel

anor phous il mis,not inproved nor nogdifi »t he .amorphous alloy filmis
cnenpl oy abr &4 B ae TR BEA BToP MG ALE o SOng, Ry RO REO i gher
recordi ng ARRSifili”. ThEE edRoBphdis AW fHer destihabhe cb@pBERWS1ehr the
perpendi cul ar magnetic recordi ng nmediumthat causes neither shift nor
erasur e ofconiyensativngist gnasal fdrttheomlagnbt apticaldesordabgeHowepenvitde t he

met hod _of ufacturing 25 the r pendi cul magneti c recordi ng nmedi.umw th
o col Hant BRMNEC IV 45 RRarnehcle ARy TS BRoMARENIEULT dBaPreld t he
ext ensi ve g r 1 | | i , : f und
That 1t he dons ARESIERE LOMAR A L o oeREiTE ol Y SR ERE Al ol T s
for a perpdhgi filthan theodehpositienarndigagnmadiduricadeen pdisitivadpbintsegnuelgat i ng
Ag in the r ar e-ear th-tr ansition-netal anorphous film According to a
first aspdugher thae thavenrdivn foncerdurls the perperrigubrpeagepticdgraidiftgnet i c
recordlngIﬁg&hﬂﬂkEggggghﬁggggeQRﬂﬁggnet|c substrate, an internedi ate | ayer

above t he nonmagne ate,” a magnetic recording |layer on the
internediate | ayer, a protective |ayer on the magnetic recording |ayer, and
a liqeod |ubricant |ayer on the protective |ayer, wherein the nmagnetic
recordi ng layer is an anorphous alloy layer including 10 a rare earth

el enent anroRlemnaieibeiselvesdeathabavetfiatided to the amorphous al l oy |ayer

Advantageous! vy, 1% CONECRL LA Aby'iHSHAD ANIRHiGLfuf HEAIRCAGSRIAL oY
media, which mainly use the CoCr alloy crystal for the magnetic recording
material thereof, has being explored to realize a higher recording density.

25 The noises of the magnetic recording media are reduced by thinning the
magnetic recording layer, by minimizing the diameter of the CoCr crystal
grains, or by promoting segregation of a nonmagnetic element to the grain
boundary. However, these methods cause the so-called thermal fluctuation

that impairs the thermal stability of the recorded signals and, sometimes,

30 erases the recorded signals.



15 Advant ageously, the perpendi cul ar magnetic recordi ng nmedi um further

i ncludes a soft nagnetic under | ayer between the nonnmagnetic substr ate and
the internediate | ayer. 20 Advant ageously, the perpendicul ar nagnetic
recordi ng nmedium further includes one or nore undercoating | ayers between

t he nonmagnetic 'substr ate and the soft magnetic under |ayer and a domain
controlling |layer between the one or nore undercoating |ayers and the soft
magneti ¢ under layer , and the domain contr olling | ayer contr ols the
donai ns of t helapefesesUnagmained Umidr Opeye Patsut dgiligtion &KeekaindNaspect

of Lhe GG Mgl of L, PIRY ded the b et hod of rentacturlpgel
i nt er medi %}cﬁiﬂi@% ‘?té%t%ﬁgrggﬁg% '1'§c1%?ﬁ%f[cﬁaitseobtfa%éﬂ B?e@(‘)({{ﬁiﬁﬁl? I:}geyer

recordi ng Tayer net e I nterfedl ate layer, e magnhetic
bei ng an anedipousithl 410\R-[Fayierlaysac kuHibiting 4 drigh Scoeaditéd fetcepeviieraind Fa
transition netal and Ag added toq the _anorphous alloy |ayer, formng a

prot ecBi vaeprsgrentoiNd Ha padiband Peddewrner Ithpee pxistel af eophaimglienitateqn d

| ubri cant .| ayern,.on the protecti,ve | ayer. Advantageously, the. net.i c

" ecor di ng Paberinger o i sRGeEe (Sl (R0, AR e ABUBOMRE 100
mrorr. Br iiﬁ&lu@eﬁg i Bid g9l rdcbfdingaMiyes HelvaHE @ Brfin Bohtd#rys CR&ERII Tn Cr 0SS

sectional view of a perpendicular magnetic r ecor ding mediumactor ding to
a first myoacfice, tharmagnetyc oerording medenindndingba Fhggnetid secardinigdaser ¢
cross sectional view of a perpendicul ar nagnetic, recordi medi ym accordi ng
to a secont Vﬁﬁﬂeaf%'ra”&m%%goﬁ{e.r?ﬂ‘e aﬁv@%t‘f"ﬁ_ﬁ.b‘ﬁ 5‘? %er:ﬂgrr% lseé‘.Hé‘ﬁ’df?“? c

C1 0SS 15ECIJaPAtioNd B¥aAbwd B RARUCGULG! Magnet i ¢ recor ding medium .
according to a thin 8 node for carrylihg out the invention. Fig. 4 is a pair

of curves relating the magnetic characteristics with the 20 dopi ng anount
of Ag for each perpendicul ar magnetic recordi ng nmedi umaccording to the

ber pendi cul ar WaGREERES 4hiLLG: o0y oML 4R ik s R B AR ke Ag T or
each perp Loul.ar. i rdi i i, Jdiheyfi -
enbod, ment ey CHpal BN AR AR UTIACR Bl rdiiChobidhy, |
coer ci ve i« eignads Wiettshuartdpessorptatusoaltest filmhareoddftpd egserased, sinoder

whi ch the magnetic r ecor ding | ayer of each perpendi cul ar nmagnetic
recor dfng thedroarabewns dilley tfdm wivesi pet hawsoauaient forsheldingdtherisignats j s a

| ati. di cul. i i 5 . ith th
e o cos Pk 166 RO AL TR SH Lol PRRAC PR iSRS} i 1 e
per pendi culgile TBERGHEE ésﬁ@élhﬁyﬂlghéﬁ?@hél H130hHM REiften B highStre §hdRGL Ment

is formed. Fig. 8 1S a curve relating the SNRwth the doping anmount of Ag
in the 5 phs fandisciieararepeprshitransitiondinetalredionphewt dlai iy nod inerogedond

embodi ment; o, Hoathidd e ¥otshld "IubPe AR ¥ ¢ hnbASISARHIE 5 1Re under

20 perpendicular magnetic recording aiming at a higher recording density.

Therefore, it would be desirable to provide a perpendicular magnetic
recording medium that causes neither shift nor erasure of the written
signals. It would be also desirable to provide the method of manufacturing

25  the perpendicular magnetic recording medium with excellent productivity.

Means for solving the Problems
As a result of the extensive and intensive investigations, the present

inventors have found that the domain walls are fixed and excellent magnetic




the magnetic recording | ayer of each perpendi cul ar magnetic recordi ng

medi um according to the second enbodinment is forned. 10 Fig. 10 is a pair
of output waveforns obtained with a spin stand tester for one turn of the
per pendi cul ar magnetic recording nmedia. Modes for carrying out the

| nventi on Now the invention will be described in detail hereinafter with 15
reference to the acconpanied draw ng figures and in connection with the
nodes for carrying out the invention. First node Fig. 1 is a schemtic
cross sectohonagteyistigs 46T a nespprtidintay mesratinaesardang meskiom aveneptedaedim
according.,to a first de for care ying outi. the jnvention. ferring nowto
Fo 1 o e HRgeE e et Hghraatl e edPur it o the 11t
node includes at | east an internediate | ayer 5 above a nonmagneti c substr
ate 1, a magnetic recor ding layer f on the internediate |ayer 5, a
protective layer 7 on the magnetic recording layer G and a liquid 25

| ubri cant | ayekc®rdimg He pr firstctaspect! @f ethe7 inThetioonthgretis cpsvided ate 1 is
a circylar carrier eFI ate, og1 whi ch t he naegfeti c.filme are deposited. Al

2l Toys® cineipendiculdicnudkaRba Gramding nnenya aifslydmey| AsGIBIRREHC v t h
Ni P plati S f:ok oot conv 1.0 enqggﬁ.[,' ' ja are
used for '[é %ggﬂ%rgﬁzag%etl%eléﬁ %lt% r%;t %@’Rf!l %ﬁévésn%herme |a%%1§tg§ggrl$§@%gﬁg%d to
control theaghatiacéeridaig kyepobntthe imbgmeddiats &oen, diphgtdctiyerlafer Moohagnet i c
el enents and nonnmagnetjc alloys 5 are used appropriately for the

i nt er nedi dhagneiyercwrdmedagennnd adyaid ubrigeat lyer oaythe mofectivetlagen 5 nm

and 30 nmn. .t hi he. ic.recordi . ayer I.S1.4 . : -

Fare- cart ne Ry s PR B e P TRAM G b i it ey e 08U phous
al | oygoar e teedkH19h cldigedDatBgngbingiti@t eicdbhanl Vehdfed T ehsRBHIPhEUE eat ure
of the invention is that Ag is contained in the r ar

e- eart h-t redlosilayen- net al anmor phous film The Ag added facilitates fixing
the domain walls between the recorded bits at the |ocations, thereat the
domain walls were when signals were witten into the pertinent bits.
Therefore, the bits recorded at a high recording density by domain wall 15

notion are preN@phifdhgbbQslys fhé bR angtieh aTWHR- AAhddRdagiat htdrBBous
rare-earth-transition-netal anorphous filmby depositing Ag froma target

cont ai ni nglly lagrdr inbetwaephbas. %ldrsly15 acl %di ng a rare earth el enent and a
transition netal or by depositing Ag fioma Ag 20 chip positioned on an

anorp gus alloy target. \Wen the anorphous alloy filmcontains |less than 1
at. % of Ag, the

Advantageously, the perpendicular magnetic recording medium
further includes a soft magnetic under layer between the nonmagnetic

substrate and the intermediate layer.

20 Advantageously, the perpendicular magnetic recording medium
further includes one or more undercoating layers between the nonmagnetic
substrate and the soft magnetic under layer and a domain controlling layer
between the one or more undercoating layers and the soft magnetic under
layer, and the domain controlling layer controls the domains of the soft

25  magnetic under layer.

According to a second aspect of the invention, there is provided the




doping amount of Ag is too small to sufficiently fix the domain walls. The
anor phous alloy filmcontaining nore than 1 5 at. % of Ag does not work as
25 a perpendi cul ar magnetic recor ding |layer, since a sufficient

per pendi cul ar magnetic ani sotropy is not obtained. Therefore, the Ag
concentration is preferably between 1 at. % and 15 at. % to obtain

sati sfactory characteristics for a perpendi cul ar magneti c recordi ng nedi um
7 When the gas pressure, under which the magnetic recording layer Gis
formed, isnpdwsr afhmmmdaeireing 4 tparpendictlauimageetis inceodipgamedivmnce t he
magneti c exchange .interacti.on i s too strong..\Wen the, gas pressure i.s
ngher ¢ hanchgR P SteRs b iBuins &% BUEPRAIRT dpert FoPTRa PETREESSF  abi o
5 for perps%@h%,aforﬁﬁﬁgradhﬁ%n@a@ rbCoriPNE PEFROL AR HBANEE 14y aNkROt T ODY.
Therefore, it is desirable t0 set the gas pressure for formng the nagnetic
r ecor di ng thageeti€ rbeindees 14 Pembeine andchm 6fhhler alloy ldydmimudiaigna ngrear bon
as its main conponent and such.,a 10 conventional_ protective film are used

for thé presebleismenhppfl & trapsition speed japd Agyadded fostheormenphonerllone
condi tion 4 L ng t r ctive fil . CQNV. i m tic
recordingﬁﬁgg?ahﬁégh eft %%%Fﬁkgﬂékghﬂgiéﬁé ﬁ%gﬁﬂﬁg?gaﬁggﬁﬁﬁgggafuﬁﬁgcant

| ayer 8. Hormex@adifliddabficHat tpeh et fierplogbdtivalysrare used preferably.
The paraneters such as the thickness of the 15 liquid lubricant |layer 8 are
set at the paraneters for the conventional magnetic recordi ng nedia. Second

node The perpendi cul ar magnetic recordi ng nedi um according to a second 20

node for carryj t j ntion further..i ngludes, -het ween it he
nonmagneti c su’%gger1 a‘#‘ eéﬁ%lft E}eégirﬁ %?%%%ilg?oeldll% g?yelalssgqltm gl;lﬁlélF I & Ghder

| ayer fipor Jﬁ@@éf@é E8teeehNE) APEHIetaing fdonmTaepes ated by a nmagnetic head used
for recording in a magnetic recording layer. Fig. 2 is a schematic cross
sectional view of a perpendicular nmagnetic 25 recordi ng nedium according to
t he second node for carrying out the invention. Referring nowto Fig. 2,

t he perpeg?bcg ar pagnet%ﬁgrﬁfprdin%vnediun1according to the second node

i ncludes at' Teast®dE0F " gret ™ andel™d ayer 4 above a nonmagnetic
substrate 1, apid ntf&f ARdhah@tlcBdeEs ReQodd1&ie@f &f ABIDEEASLiHRIChaLAYEE 4, A
magnetic recording layer G A1l the 8 inter nmediate layer 5, a protective

| ayer 7 orrvettmalinggnedium acendingling fivat erodg, foandriyihg qut thé ulwentant. | ayer 8
on t he protect%ve I%%er K. The substrat%vé,.the gnternedﬂatf | ayer 5, the
magneti®c recorliithd 1§ schematiecrgpspectional Yigyer! & pegpendigular maggetic

| ubricant J - j ' anper. j e

per pendi P e ing AP BbGHLAE B LR ARCTRERELATe bRERR M. e
soft magneti c Hipded id ayeherhaitk diospesaibridl Wewvel gdeipendiaghat naghbtix
generated by the magnetic head used for recording in the magnetic 10

recor di ng Ye&9kshing magiman areqylang tpadhsd ppdsifo gamying eutahe Siyertiant oys are

used for the Sp{% Slrrggggglrcof‘@ﬂ%s l@l%%fnt 4theF%ra§%§gi[%§::h%g%&)é§l%hi§:§p\{%it}é rf];he

el ectromagnetic nversion cnaracteri st cs ar

anor plegus depiak | oottt bfasg GolNdchapshfeafidgciilar AhhBALEH retordeRendsdiint he
str uctur a and the char acter istics of the recor ding magnetic head, the
soft 15 neapgerdiagdade fivay embedimept ef Brabiwenticom 10 nmto 300 nzn in

t hi ckness consj.dering the produgti.vity thereof ... The internmedi ate | ayer 5
control s the chla@a t%riastoluége O#eq?hggng}é%em@endmulal magnetic an1so{10}$y

constant with the doping amount of Ag for each perpendicular magnetic
recording medium according to the first embodiment of the invention.

25 Fig. 6 is a pair of curves relating the coercive force and the squareness
ratio with the gas pressure, under which the magnetic recording layer of
each perpendicular magnetic recording medium according to the first
embodiment is formed.

Fig. 7 is a curve relating the perpendicular magnetic anisotropy



recording layer 6 and magnetically isolates the soft nmagnetic under |ayer 4
20 and the magnetic recording |ayer 6 fromeach other. Third node The

per pendi cul ar magnetic recordi ng nmedi um according to a third node for
carrying out the invention includes, between the nonmagnetic 25 substrate
and the soft nagnetic under |ayer, one or nore undercoating |ayers and an
antiferromagnetic |ayer (hereinafter referred to as a "domain controlling

| ayer”) for controlling the domains in the soft magnetic under |ayer. Fig.
3 is a sclensitaind witbdbegsstpeasirey uadeofwhichéhpenagetiarecondimegtlayenof r

ecording nmedjumactoy. ding to the third.node for car r ying o t he

Cvent | on O3Bt BTGl 3t Han o roddifg: et e orBRats dheedrti ng
medi um aceREidither? ik R§hdd rd node includes at |east an undercoating |ayer
2 on a nonmagneti c substrate 1, a domain controlling |ayer 3 on the

under coati ng HFigagas a2cuiweseldtingyghe SNR wnidikrthe alvping aamuntefdgii the
controlling layer 3) an internediate |ayer 5 on the soft magnetic under

| ayer B, @enpepbicniil cmggaehy (rgyaiding omediam nsponsimat 60| dher sscond
protectivelﬁgxﬁr Zmon the magnetic recording layer 6, and a liquid
Iubricant(ﬁayer oh the protective layer 7. The substr ate 1, the soft
magneti ¢ underpigayeis #cuthrerdlRtial RIS HRewlh tiY 8hs preddi®e MRAASL WhidlECOr
ding layer f~, the protective layer 7, and the |iquid lubricant |ayer 8 are
conf i gur edhenmagmesmneesading lagert ndseadn pempe pdicpbnd incad reatioragesting
recordi ng ne.iun1acc_rdiqﬁ to the secg&g_nnqg. n antiferromagnetic film
formed of MAIAR FCUIHREEN thyssendrer Ty Sr@dﬂ%@i c film the

magnetipzat i on kaeneak 4 §ai dreRed: wraveﬂﬁu{sa%@nw GAGH 3004%1%1;5&@ t&dtbeul ar

pl ate of the nonnmagnetic substrate 1, Is used tor the domain controlling

| ayer 3. Theodetarmoftd petdendicdlay eragheti: yaeefdngbhydifac om 5 nmto 300 nm
in thickness. 20 The undercoating |layer 2 includes at |east an orientation
controlling layer for controlling the orientation of the magnetization in
the domain controlling layer 3. Wien a M alloy antiferromagnetic fihn is
used for t 9. r-Qlili 3, it is preferable for the
undercoatHﬂgdggggfﬁéﬁ@ghﬁgh§gggng?MQB%onnagnetic nmetal having a face center
cubi ¢ structurMoer the2mvwaimimgnetll cbal deycribdil tin sdetafe herhidathrdemddiat i ng

| ayer 2 may fur then _include, on_the side of the nonmagnetic substrate 1, a
| oner Wbaydefarance datthel peqognranied ravengudgures andtimecormebigneviid e al

| ayer or HQedQPOg% ?Fthcd%!kﬁéilaéﬁﬁ descri bed above. When a hard nmagnetic
fiimis used fort e380%a|ﬁ Control W%g | ayer 3, Cr alloys are enpl oyabl e
for the IO undercoating layer 2. In this case, the undercoating |ayer 2
may further include, on the side of the nonmagnetic substr ate 1, a plug
ality of lower layers for controlling the fine structure of the C alloy

| ayer. 5 NOwstmedenvention will be described in connection with the
preferred eanﬁg nis of H%e kn%quiqg. Al t hough- t he inv ntiqn mﬁlgtbe
descri bed bel oWs ir SohRSRTTERAGPE PRABIAAE™, U FBReH HERIEY PAgRCUST
changes andcomihf intediueDaca@ndimbu Q¥sst MJdRABEL cakiyvih@dut thd Reveditiond t hout
departing fromthe true spirit of the invention. Therefore, the present

i nvention be 1Refendogsiaodo dug. bythehgerppedidular diagriedmuregsrdisganadivu by
the appended cl.ai her eof . Enbodi ments First .enbodi t. 15 A snooth and
fl'at chomEaPiing ahdhAnss mpdidelidiSr Cleast 3haSloguplRPl R S 00RA o0
from Hoya (f{adndtsc YaBSHA! 1t RENABRORINEL IR PSYdraE Bn Afc! BltelbMGte

cl eaned, the glass substrate 1s [ oaded in a vacudm chanber of a sputtering
appar at us lapelr 8, Aiprodgtivel lmyde fosi tke noagridiee paasdinpulayer & endr 23iguidng i n
a Tl internediate layer. The resulting Ti_20 internediate layer is 15 nmin
thickﬁ@ss)ﬁgﬁ§ﬁpt§3ﬁﬁ g ithe peelselvAdaYeyEr is formed on the Ti inter

medi ate | ayer using a conposite tar get consisting of a TbhCo target and a
Ag chip placed on the TbhCo target. The doping amount of Ag is adjusted by
changi ng the nunber of the Ag chips on the TbCo tar get. The gas pressure

i nsi de the vacDherohamdgicticsabdtiaie | dd Delrvekir &riiterglaly andrhiol thdorr by
adjusting the total flow rate of the ?as used for filmdeposition and the
openi ng ofmgaReRg|lagpspsopasibed wabmllove, ehemiealcsiappathensd glassvardum

purp. The ér%t%lmzeesc g?a];sst Fl%vﬁeqp (\az}ihr(l: Nl%’cgfa%lu{]gq aln?iygé’e(i %orsﬁ;e g(gzl\?e%t{]oq}al 11




Then, a carbon protective layer of 5 nmin thickness is forned on the
magnetic recording layer. Then, the lamnate forned so far is taken out
fromthe vacuum chanber. The constituent | ayers except the magnetic
recording layer are forned by DC magnetron sputtering under the gas 5
pressure of '5 11 TOr. Finally, a perfluoropolyether liquid |ubricant |ayer
of 2 nmin thickness is fornmed on the carbon protective |ayer by

di p-coating. Thus, the perpendi cul ar magnetic recording nedia according to
the first rempodioncording hatha @at eskd H0 thhevomagetdte rafedri stics of the
per pendi cul ar magnetic recording nedia fabricated are calculated fromthe
magneti zation curves neasured with a vibrating sanple nagnetoneter. The

per pendi cul ar magnetic ani sotr opy constants Ku ar a calculated fromthe
magnetic for ape Werﬁ%ﬁiﬁ%a&l&re?% i B @ tBNR e NG DG RSB tHeO the
substrate surface. 1s Fig. 4 1's a pair of curves relating the coercive
force He andghdiéc sepoadapebs el a. i Nommaghbtit derdoptngndmumhagietfgaloys each
per pendi cul ar ng(?neti c recording nediumaccaording to the first enbadi nment
of thebi nveat veed FRprapattelxelofothe Hbermediatendayny by Pagkerablys Bhe o or
nore of 2Q_Ag to.the rare-earth-transitio t al. 7 s filmand reaches
a high vallﬂgqu}e%&elatyﬁéﬁ %%&wégengatﬁ#‘héen 853%%#%3@#%%' of around 5 at.
% The coercive force He | owers nonotonically with further addition of Ag
and reaches a | ow value of |ess than 3000 Ce at the Ag dopi ng anount of 20
at. %or nore. The squareness ratio S is at an excellent value of alpost 1
up 25 to the Abhelopiaggeticourneording slayer Howdsen, rameresyilutumssson satal S

| har pl vy ,wi t h..f urther i f the A ' - FicQ, .5 i
corve. ol okopntis Tat LRGP TPEF CRadEr vl Sri et p e B e kiR T e
dopi ngpamfRknQic Aol @nLRGEr BETRE r!s%ieéilﬂc%aﬂﬁgrtﬁ'tth@ iAdentib 8 EPEKH thag h@di um

according to the first enmbodi nent. The perpendi cul ar magnetic ani sotropy
const ant Kunianaddurtdhe2rave rshéraisdtiontreatal @morilwwadiled. Thedg added

di : ti i sotr. t i | ith | i
Ao fop! ng ARNREARtingRe<dan g allsdRyran she darugeBiis 3¢ Bt lptalifiy oo o
the Ag dop Egeaac%'érﬁmﬂaié\ Allts v%re%h‘éﬂ's‘f%lélg%véi%%ﬁ'tf’e% b G8e '}%ﬁﬁiﬁgﬁ§ the

maxi mum va e perpendicul ar nmagneti ¢t ani sotropy constant ower s
monot oni cdlity Thelrbfolray tiehieits iraendad at af higherobgr diogi dunsatyoby tdomradn ivsgll at  t he
Ag dopi ng ampunt of 20 at. % 1.5 x 10 ~ erg/cc or lower, too |low to be the
per perddi cunationrgnereenisidsemopyitienhandsrasyie. t he 10 per pendi cul ar

magneti c recordi ng medi um Cbvi ously, the change of the coercive force He
with the Ag doping amobunt described in Fig. 4 is affected by the change of
t he perpendi cul ar magneti c ani sotropy constant Ku. As described above,

excel l ent magnggi s eddedcterthst &% -anthabhasibwl -y tdlS aatidiphgub efint ban 15
at. %of Ag to the rare-earth-transition-netal anorphous film, Fig. 6 is a
pai r of cutapesiting Agifiemt s éargst centadning A8 ansl an@momwhoys londasiudingo s

with the gas_pressurg for .each _perpendi cul ar, magnetic cordi di um
accordi ng 6afeh%a]fst _r@Fnlgﬁ%oad}%ntﬁ?Hgftq}ngﬁleg%le%i% e&e%p&s I(Z:tgn%?‘ 83{}%{1 &‘&%r

hi gherggi s &ﬁﬁ@bgﬁﬂ)ﬂ_eﬂ dh8nasopIResSWIRy taRget.of 100 mlorr or !ovver. The
squareness ratio S is at an excellent value of alnmost 1 also in the gas

pressure range of 100 mflorr or lower. 25 Fig. 7 is a curve relating the
per pendi cul ar magnetic ani sotropy constant Ku with the gas pressure, under

ned um accor di iR lihantPBeuEAoa MR EeR RS RS tRAbc algh bhah, tECr @i N
per pendi CWFngBARSEAE ol Ag is too small to sufficiently fix the domain walls. The
amorphous alloy film containing more than 1 5 at. % of Ag does not work as
25  a perpendicular magnetic recording layer, since a sufficient perpendicular
magnetic anisotropy is not obtained. Therefore, the Ag concentration is
preferably between 1 at. % and 15 at. % to obtain satisfactory characteristics

for a perpendicular magnetic recording medium.



ani sotropy constant Ku takes a high value of 5.7 x 10 ~ erg/cc at the gas
pressure of 5 mlorr) the perpendi cul ar magneti c ani sotropy constant Ku

| owers nonotonically with increasing gas pressure and is 2,7 x 10 ~ erg/cc
at the gas pressure of 100 niforr. The perpendi cul ar magnetic ani sotropy 5
constant Ku'takes a | ow value of 1 x 10 ~ erg/cc at the gas pressure of 150
nmlfor r. Second enbodi nent A nonmagnetic substrate sane with the nonmagnetic
substrate used in 10 the perpendicul ar magnetic recordi ng media accordi ng
the first enbddihgarthegnsuseesgsurs ordlengvhisht the wegoatic erpuding bayasfo ihe

i nvention.. The,non netic syubstrate.is cl.ean and |l oaded jn the wacuum
chanber _ofolE o BuITeR: HhtapHRan s ikits iFRGRE BT Wmeg ToeRalsl ste 1Ber | s
formed usifngsgeifo#xbhahas Golteralb®n’ Y MY §Pb4s MoBRG! It@leugggrpﬂe@éﬁﬁre_ is 200
nmin thickness. 15 Then, an internediate |ayer, a magnetic recording

| ayer, a prighecthare 1D8yeTprignticanhpgetid réeordirgahty el fgmmedne noosme@bian t he
sane manner as those in the perpendi cylar magnetic¢c recordi ng nedi a

accor dPng f?h@ewq-@%w@f%deﬁcwﬁpg durido Lo rprapandiauaar magnaticapsebioning

medi a havi 1'5{"1)%&(:&“{3' gggl?é%nt AZe Jd{euggg ?ﬁ'g&(.‘isdrn fl[glglblr%lr%%gg 6}9%% &Eced' The
el ectromagnet1’c conver si'on charactePisti cs'6f The perpendi cul'ar magneti c
recor di ng »@esliden 2¢HA Detvder $€GODEkrfDUDORITo@f @ measured with a spin
stand tester using a GWR head. Fig. 8 is a curve relating the SNR (the
ratio of the noises to the signals 25 in the el ectromagneti c conversion) at
the linear recording density of 350 kFCI with the dopi ng anount of Ag. Wen

Ag is not added, .the SNR takes a | ow val ye of _.around 1 B. . The W SNR i s
caused. si nce & haE" SHTRAET A, HEatf o el e e el

the sijpes,conherfbRal Motdd@nial ilhavareberad Wit BB bRbdeceivb Y1aR4d, 7t MEKef or e,
the witten signals shift the positions 14 positions thereof. Nuclei are

formed by radthchiyellager 7osoformedeunderatie eorligionsSNR: dsrmBrgdtheoprdteefies i s
obt ai ned. wever, the SNR | owers sharply,as the. Ag,dopi ng anount exceeds
15 at. o dURTY oGt eBrgent st HEeSE AGihar HORaTCR AP S | o
ani sot r 0py, b ON&IdS fRh ek tl‘hﬁ%i&%uﬁ?ileh{dlg 12P8RUBL Fof &:Q@nplel i@ ludRfolfftaer €, it

is pr efer able to confine the Ag dopi'ng anmount in the range between 1 at.
% and 15 dubri¥ants gre Gsédpeeferable. Thkgidramdtbes SN as thhehldkmeas of éoor di ng
densit of,358 fFCl with the gas pressure, under which tgg magnetj c

r ecor dPng layer Wricemtelasier p8r pih dek Atatherairamedere doy dhagcoRvgniipnal
accordi ng fment is formed. A high SNR of 15 dB or higher
is obtainéhggﬁgg%ggggggﬁfgggg¥e range between 10 nforr and 100 nTorr. When
the gas pressure is lower than 10 nmflorr, wite signals can not be witten
in especially at a high recording density due to too strong exchange
interaction inside the magnetic 15 recording layer or the SNR is inpaired
due to t heoSRAPAIBOGE the witten signals. Wien the gas pressure is higher

t han 100 nforr , i.cul - i i pY..l.S7: r
thereore. ettt e BENE Ot e FRONSLI B aRhER G Pl BT BB o
i's preper afbge t ©rsedartyieng2buopheg iawertidn OfuAbet Oihidlades,arbe@weant Bhé r
ansition netal amor phous alloy filmbetween 1 at. % and 15 at. % and the
gas pressur@mggeidic ahbetrathangdnbhoinissnwdiaie Hyem pssdlbrmegnethetmden 10
mrorr and ;100 Tprr.éthird enbodin%ntﬂ25 A nqnggggetic SUQE&{ﬁte %PQ% W th
the nonmadA¥tT O'STHMFENE e 1 e BE SRS S BY iyt Pt PPty
medi a accopfira@ i 5E5 s SaRos BB layssed according to the thin d
enbodi ment of the invention. The nonnmagnetic substr ate is cleaned and

| oaded i n the Faxdum g kahbmaticf crobe ssgintadrniiay eppacapersdicElarsmagaefia | ayer
is formed on the non netic 1 ubstrate, resulti in a.first

under CBat PREOTHYEr MU, qsipiiing T e srarhoRoMhRY agenSig shthe

thi ckness. intBflond HIGGL L RNPlo! Figl U T BR:geiRLMIRR  mUEHiEQRLbRgn, aY er
resulting in a second undércoati ng 1 ayer. resul ting Second undertoating
| ayer is Smbdium 4ddvockim@sso thbesecoad hiokle mclwdmy akslehst nedoftnmialgacsiecond
undercoating_ layer, resulting in a domain controlling layer. The resulting
domai n coridny laygr daglve & noppagnatia siksirlesl, amdntormedinte hygidt PR under
| ayer, an jint j ayers,. .. neti.c_recordi ng. . ) rotectiye

| ayer, andm% ?é%ﬁﬁ%ﬂﬁﬁgﬁiégg 1ﬁ§$§? grg P%%ﬁ%ﬁ“ﬁﬁg?ﬁgﬁgééggﬁgéﬁéﬁlgggthose
in the perpendi cul ar magnetic 10 recordi ng nmedi a accordi ng the second
enbodi ment. Thus, perpendicul ar nmagnetic recor ding nedia having the
configuration as illustr ated in Fig. 3;are fabricated. Fig. 10 is a pair
of output waveforns obtained with a spin stand tester 15 for one turn of

t he perpendi cul ar magnetic recordi ng nmedi um according to the third

enbodi ment and a conparative perpendi cul ar magnetic recordi ng nedium Anong
the wavefornms in Fig. 10, the waveform 1002 is an output waveform for one

Y




per pendi cul ar magnetic recordi ng nedi umincl udes neither undercoating 25

| ayer nor donmain controlling |ayer, spike noises are caused over the ful
turn thereof. In contr ast, provision of one or nore undercoating |ayer s
and a domain controlling |ayer prevents spi ke noises from causing, since no
domain wall 'is fornmed in the soft magnetic under |ayer due to the provision
of the one or nore undercoating |layers and the donmain controlling |ayer. 30
16 Advant ageous Effects of the Invention As descri bed above, the

per pendi cuhtarmmaate lager éc or pitotgctimedlayer dceo the myagwetidesdondiegt lagar Bnel udes
at least a noagneti c .substr at an, internediate | gy above th

nonmagnet iaeﬁcg%ﬂ,@?ﬁlﬁ%bﬂaa%%@ﬁ oF b6 PAPIRGLIEe I8y ToRnE K ks Tnthf at e

| ayer, a y .G . (di - l'i quid
| br 1 cant PUHRRREAEIBEE, o0 h e RORE: e BERE o oD BN oMo R T 1)
Layer is and ehechigaid hibridangriayér Brrorbaliganmt phokis salecomanaygens thosavhi ch
Ag is added. By adding from1l at. %to 15 at. % of Ag, a, perpendicul ar
magnet Pc rlécbheameg'pm&culﬁremamqtamge@e&demg emedmgncpegorditgeto) Big diysi s

obt ai ned. TQﬁ soft magnetic under |ayer disposed between the nonmagnetic
substr at é"8hd the internediate | ayer facilitates convey grog the magnetic
flux generated froma magnetic head and form ng a sharp nagnetic field 15
gr adient across the magnetic r ecor ding layer . The provision of the soft

magnetic under |ayer further inproves the characteristics of the _
per pendi cul ar Hegreftimagaede dimigrrasiturh isGheperedntsr eoniedge dbatmagnétayer s

and a domgin control lin ayer 20 disposed hetween the non netic ..
substrate ﬁ;\% shE" atgli b éﬁema@nﬁﬁlﬁeﬁgﬁiﬁg’fsac%ﬁpﬁe&)b l?gp]rne\gﬁgtméspﬁ%c noi ses
causedoby \desmiiAg Wa)d:Sef MiFB 1Y st kenaahl (PBSRAg) bﬁo&'@%ﬂd S@IERNEYOYe
occurring and facilitate providing a practical perpendi cul ar magnetic

recordi ng ueedi Umr 2e Byoft omagmgetih e umdgnetdyerr el ofbirngxaayde, uextetlent gas

pressure between 10 mlorr and. 100 mlorr, ~a.practical perpendicul ar nagnetic
recor di ng STl omAERATS) EPMYPLEiTe| PRAACEIFAILHGY ariestantained oBY afiiel. Ay

Since the ' i i I 0 A ' N ﬂR%
manuf act ure sﬁr%% ?ﬁgﬂ{:o n%gcﬁgng@?%g%e?c%?%% ?‘gtc}}a{h:é?ll %ats?&% e n@?hod of
manuf act urthagtilgusmgnétthe chaesstedisnigs € thelfecaed g thiaggetio Helad, thwestti on is
suitable for mass production. 5 10 15 20 25 ) ,

15  magnetic under layer 4 is preferably from 10 nm to 300 nm in thickness

considering the productivity thereof.

The intermediate layer 5 controls the characteristics of the magnetic
recording layer 6 and magnetically isolates the soft magnetic under layer 4

20 and the magnetic recording layer 6 from each other.

Third mode
The perpendicular magnetic recording medium according to a third
mode for carrying out the invention includes, between the nonmagnetic
25  substrate and the soft magnetic under layer, one or more undercoating
layers and an antiferromagnetic layer (hereinafter referred to as a “domain
controlling layer”) for controlling the domains in the soft magnetic under
layer.

Fig. 3 is a schematic cross sectional view of a perpendicular magnetic




30 18 Caim~"Vhat is clainmed is: 1. A perpendicul ar magnetic recording
medi um conpri sing: a nonnagnetic substrate, 5 an internedi ate | ayer above
t he nonmagnetic substrate, a magnetic recording |layer on the internediate
| ayer, a protective |ayer on the nagnetic recording layer, and a liquid

| ubricant |ayer on the protective |ayer, wherein the nmagnetic recording

| ayer conprises an anorphous alloy 10 layer conprising ar ar a ear th
elenent and a tr ansition nmetal and Ag added to the anorphous alloy |ayer.
2. The penpendlinghasdimagaeaiordinrgetotid tigrdrech denfoacaorydngout eh&iavention.
wherein the concentration of the Ag added to the anorphous alloy layer is
bet ween 1 Befermngnpowstattige3, 1thes perpendisnlsanmaanedic regprene ietsidi ng

medi um accor.di t hm. 2. furth onpr.i si a . soft,m ti.c. under
Taver betvaei Pfle Bateaid RSl el C L IERTRE TrErdhelfld LORAEPh S "The
per pendi CUeHmABGIES bEbItSARY U] A IR RSEI0E RGet B &h 3hvhderbédthes
conpri si ng1 one or nore undercoating | ayers between the 20 nonnagnetic

a

subst r &t e laper £he sobf magagtietinslerndger Hayethaddmaincoatnellcogdaxdt 3,man | ayer
bet ween the one ar re undercoating.layers and the soft magnetic under
Vayer. ¢ hdnime HatoHEVeN |7 i | Beroftomaaiatingndts Hoivdi s bimRRRCHOS (
magneti c L3; .2 t; . ; L Hri,ng. .l ghetic
recor di ngq%g&r(riég?)&ﬁ?elcgn%ﬁitgignlg(e?lhrg&ggg%ggg‘fg Hf gp%(ﬁa&g{l&? telrﬁe I g?% | ayer
above a nanapoeet recodhst tater, 6,f aardrangg e dnimppiziing 1apeo8 dinnthd py@ectdve t he

internedi ate | ayer, the 19 magnetic recording |ayer conprising an

anor phous 1aveny- Thpetubstiaiei bithg soft magnedia wodskier hridednteunediaion
met al .and add g | |.ay: f orim a 2l | ayer
et AP L b ghle ALRRY T QA Stecnl A RIS LS |0
the protedubyRahayeker 8 The @ehfigdraltiar tké nguk® 1Ghanbt Sas Wheseiin the step

of form ng the nagnetic recording |ayer_is conducted under a_gas_ pressure
bet ween 1@erpendicular magnetic recording medium according to the second mode.

An antiferromagnetic film formed of an alloy containing Mn or a hard

15  magnetic film, the magnetization thereof is oriented in the radial direction
of the circular plate of the nonmagnetic substrate 1, is used for the domain
controlling layer 3. The domain controlling layer 3 is preferably from 5 nm

to 300 nm in thickness.

20 The undercoating layer 2 includes at least an orientation controlling
layer for controlling the orientation of the magnetization in the domain
controlling layer 3. When a Mn alloy antiferromagnetic film is used for the
domain controlling layer 3, it is preferable for the undercoating layer 2 to be
made of a nonmagnetic metal having a face center cubic structure or a

25 nonmagnetic alloy. In this case, the undercoating layer 2 may further
include, on the side of the nonmagnetic substrate 1, a lower layer for
controlling the fine structure of the nonmagnetic metal layer or the
nonmagnetic alloy layer described above. When a hard magnetic film is used

for the domain controlling layer 3, Cr alloys are employable for the

10
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g s o SRR e,
uV7S10% U&heyecE&! 10% U&' () - 3& 10% U& () Z 10| | 10]] 10| | 'f &10% | & () -
@L! 10%| & ()- 'F }[<uV7F& :110% U&' ()-!Dz#10% U U& () - F&! 10%
U& ()-3S9!10% U&' () -! NFy#109% U[ U& ()-:! NNFy#109%4 U U& ()-:"'
Embodiments
First embodiment
15 A smooth and flat chemical strengthened glass substrate (Glass
substrate N-5 supplied from Hoya Corp.) is used for the nonmagnetic
substrate. After being cleaned, the glass substrate is loaded in a vacuum
chamber of a sputtering apparatus and a Ti layer is deposited on the glass
substrate, resulting in a Ti intermediate layer. The resulting Ti
20 intermediate layer is 15 nm in thickness. Then, a magnetic recording layer
is formed on the Ti intermediate layer using a composite target consisting of
a ThCo target and a Ag chip placed on the TbhCo target. The doping amount
of Ag is adjusted by changing the number of the Ag chips on the ThCo target.
The gas pressure inside the vacuum chamber is controlled between 5 mTorr
25 and 150 mTorr by adjusting the total flow rate of the gas used for film
deposition and the opening of the valve disposed between the vacuum
chamber and the vacuum pump. The thickness of the magnetic recording

layer is set at 30 nm.
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Then, a carbon protective layer of 5 nm in thickness is formed on the
magnetic recording layer. Then, the laminate formed so far is taken out
from the vacuum chamber. The constituent layers except the magnetic
recording layer are formed by DC magnetron sputtering under the gas
pressure of 5 mTorr. Finally, a perfluoropolyether liquid lubricant layer of 2
nm in thickness is formed on the carbon protective layer by dip-coating.
Thus, the perpendicular magnetic recording media according to the first

embodiment are fabricated.

The magnetic characteristics of the perpendicular magnetic recording
media fabricated are calculated from the magnetization curves measured
with a vibrating sample magnetometer. The perpendicular magnetic
anisotropy constants Ku are calculated from the magnetic torque curves

measured in a plane containing the normal to the substrate surface.

Fig. 4 is a pair of curves relating the coercive force Hc and the
squareness ratio S with the doping amount of Ag for each perpendicular
magnetic recording medium according to the first embodiment of the
invention. The coercive force He rises sharply by adding 1 at. % or more of
Ag to the rare-earth-transition-metal amorphous film and reaches a high
value of more than 5000 Oe at the Ag doping amount of around 5 at. %. The
coercive force He lowers monotonically with further addition of Ag and
reaches a low value of less than 3000 Oe at the Ag doping amount of 20
at. % or more. The squareness ratio S is at an excellent value of almost 1 up
to the Ag doping amount of 15 %. However, the squareness ratio S lowers

sharply with further increase of the Ag doping amount.

Fig. 5 is a curve relating the perpendicular magnetic anisotropy

constant Ku with the doping amount of Ag for each perpendicular magnetic

12




U& ()-f#10% U&' ()- 10% U& ()-310% U&' ()-39!'10% U&' ()- 10 U 10
UPSF: } "</ F! NFSM 10% U U&' ()-"10% U& ()-!NF:110% U U& ()-F10% U&' ()-#10%
U& ()-Y!; #10%1UHUL () - Y: a-/012xnbCF! F: 1 109B& ()- 10 U 10 U 10 U=s10%
U& ()-f810% U&' ()-+#10% U& ()- F ' F10%
U& ()-U }r?hbCF!N'109B& () - FYS109B&' () -! 1 z#109BB& () - FI M 109B&' () - yS#109B&' ()
-Y'yS#H109BB&' () - YN  +!x! I dEnbCF! (109B&' () - Fy&
109B&' ()-$109B&' () - F#: 1 109B& ()- s!z#109B& ()-F 109B& ()-!>"
HWiH# @5} " 2e0d19d QIS Ui - & ol LiRYBE (theyFiadt10MB&d(thent. The perpendicular
@#109B&' () -! pF& "1 109BB& () - Z!' S) #10%vBMVB&: {)- @B$CIDSESS$%0 @! 910%
U&' () -! 3f madoeaug&otiopy3gimstemt Ku is around 2 x 10 6 erg,/cc when no Ag is
added. The perpendicular magnetic anisotropy constant Ku rises sharply
with increasing Ag doping amount and takes a relatively large value of 5 x
5 106 ergcc at the Ag doping amount of 5 at. %, at which the coercive force
He takes the maximum value. The perpendicular magnetic anisotropy
constant Ku lowers monotonically with further increase of the Ag doping
amount and is, at the Ag doping amount of 20 at. %, 1.5 x 10 6 erg,/cc or
lower, too low to be the perpendicular magnetic anisotropy constant for the
10 perpendicular magnetic recording medium. Obviously, the change of the
coercive force He with the Ag doping amount described in Fig. 4 is affected

by the change of the perpendicular magnetic anisotropy constant Ku.

As described above, excellent magnetic characteristics are obtained by
15 adding less than 15 at. % of Ag to the rare-earth-transition-metal

amorphous film.

Fig. 6 is a pair of curves relating the coercive force Hc and the
squareness ratio S with the gas pressure for each perpendicular magnetic

20 recording medium according to the first embodiment. A high coercive force of
3000 Oe or higher is obtained in the gas pressure range of 100 mTorr or
lower. The squareness ratio S is at an excellent value of almost 1 also in the

gas pressure range of 100 mTorr or lower.

25 Fig. 7 is a curve relating the perpendicular magnetic anisotropy
constant Ku with the gas pressure, under which the magnetic recording
layer of each perpendicular magnetic recording medium according to the

first embodiment is formed. Although the perpendicular magnetic
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lowers monotonically with increasing gas pressure and is 2,7 x 10 ¢ erg,cc
at the gas pressure of 100 mTorr. The perpendicular magnetic anisotropy
5 constant Ku takes a low value of 1 x 10 ¢ erg,“cc at the gas pressure of 150

mTory.

Second embodiment
A nonmagnetic substrate same with the nonmagnetic substrate used in
10 the perpendicular magnetic recording media according the first embodiment
is used according to the second embodiment of the invention. The
nonmagnetic substrate 1s cleaned and loaded in the vacuum chamber of the
sputtering apparatus. First, a soft magnetic under layer is formed using a
CoZrNb target. The formed soft magnetic under layer is 200 nm in thickness.
15  Then, an intermediate layer, a magnetic recording layer, a protective layer,
and a liquid lubricant layer are formed in the same manner as those in the
perpendicular magnetic recording media according the first embodiment.
Thus, perpendicular magnetic recording media having the configuration as
illustrated in Fig. 2 are fabricated. The -electromagnetic conversion
20 characteristics of the perpendicular magnetic recording media according the
second embodiment are measured with a spin stand tester using a GMR

head.

Fig. 8 is a curve relating the SNR (the ratio of the noises to the signals

25 in the electromagnetic conversion) at the linear recording density of 350
kFCI with the doping amount of Ag. When Ag is not added, the SNR takes a

low value of around 12 dB. The low SNR is caused, since there is no nucleus

for making the written signals stay in the sites, wherein the signals have

been written initially and, therefore, the written signals shift the positions

14



10988 ()-Y,):!109B& ()-J00011111Z1xnbCF 110% U& ()- 10B 10B 10B
=s109B& () - YL9109B& () - Y7M 1098& () - Y5M 1098B& () - Z11722334a?nbCF! @z#10%VUM
U& ()-!Yz#10% U U& ()-319110% U& ()-f"10% U& ()-3S& 10% U& ()-3& 10%
U& () - 45$5p6" 8$898&8' 8yZOD9 10 U 10 U 10 U<s10% U&' ()- y&H#10% U
U& ()-m y&#10% U U& ()-m \ y&#10% i & ()-m ! DYz#10%QUQU& () - ' 8x89a999>: dBODY
10 Ul DXz#10%QUQU& () - F10% U& ()-f#10% U& ()-F & 10% U& () - F& 10%
U& ()-F!110% U& ()->;;;<b<<}~?0D9 10YF(:!10% U& ()- &10% U& ()- YF" 10%
positions thereof. Nuclei are formed by adding 1 at. % or more Ag and a high
SNR of 15 dB or higher is obtained. However, the SNR lowers sharply as the
Ag doping amount exceeds 15 at. % to the higher side. This is because the
perpendicular magnetic anisotropy lowers when the Ag doping amount is too
5 high. Therefore, it is preferable to confine the Ag doping amount in the

range between 1 at. % and 15 at. %.

Fig. 9 1s a curve relating the SNR at the linear recording density of 350

kFCI with the gas pressure, under which the magnetic recording layer of

10 each perpendicular magnetic recording medium according to the second
embodiment is formed. A high SNR of 156 dB or higher is obtained in the gas
pressure range between 10 mTorr and 100 mTorr. When the gas pressure is
lower than 10 mTorr, write signals can not be written in especially at a high
recording density due to too strong exchange interaction inside the magnetic

15 recording layer or the SNR is impaired due to the shifts of the written
signals. When the gas pressure is higher than 100 mTorr, the perpendicular

magnetic anisotropy is lowered and, therefore, the SNR is impaired.

Summarizing the results described above, it is preferable to set the
20 doping amount of Ag to the rare-earth-transition metal amorphous alloy
film between 1 at. % and 15 at. % and the gas pressure, under which the

amorphous alloy film is formed, between 10 mTorr and 100 mTorr.

Third embodiment

25 A nonmagnetic substrate same with the nonmagnetic substrate used in
the perpendicular magnetic recording media according the second
embodiment is used according to the third embodiment of the invention. The
nonmagnetic substrate is cleaned and loaded in the vacuum chamber of the

sputtering apparatus. First, a Ta layer is formed on the nonmagnetic

15
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substrate, resulting in a first undercoating layer. The resulting first
undercoating layer is 5 nm in thickness. Then, a NiFeCr layer is formed on
the first undercoating layer, resulting in a second undercoating layer. The
resulting second undercoating layer is 5 nm in thickness. Then, an IrMn
5 layer is formed on the second undercoating layer, resulting in a domain
controlling layer. The resulting domain controlling layer is 10 nm in
thickness. Then, a soft magnetic under layer, an intermediate layer, a
magnetic recording layer, a protective layer, and a liquid lubricant layer are
formed in the same manner as those in the perpendicular magnetic
10 recording media according the second embodiment. Thus, perpendicular
magnetic recording media having the configuration as illustrated in Fig. 3

are fabricated.

Fig. 10 is a pair of output waveforms obtained with a spin stand tester
15  for one turn of the perpendicular magnetic recording medium according to
the third embodiment and a comparative perpendicular magnetic recording
medium. Among the waveforms in Fig. 10, the waveform 1002 is an output
waveform for one turn of the perpendicular magnetic recording medium
according to the third embodiment. The waveform 1004 is an output
20 waveform for one turn of a comparative perpendicular magnetic recording
medium having a configuration similar to that in the perpendicular
magnetic recording medium according to the second embodiment provided
with neither undercoating layer nor domain controlling layer. When the
perpendicular magnetic recording medium includes neither undercoating
25  layer nor domain controlling layer, spike noises are caused over the full turn
thereof. In contrast, provision of one or more undercoating layers and a
domain controlling layer prevents spike noises from causing, since no
domain wall is formed in the soft magnetic under layer due to the provision

of the one or more undercoating layers and the domain controlling layer.

30
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intermediate layer above the nonmagnetic substrate, a magnetic recording
5 layer on the intermediate layer, a protective layer on the magnetic recording
layer, and a liquid lubricant layer on the protective layer, wherein the
magnetic recording layer is a rare-earth-transition-metal amorphous alloy
layer, to which Ag is added. By adding from 1 at. % to 15 at. % of Ag, a
perpendicular magnetic recording medium  exhibiting excellent

10 characteristics is obtained.

The soft magnetic under layer disposed between the nonmagnetic
substrate and the intermediate layer facilitates converging the magnetic
flux generated from a magnetic head and forming a sharp magnetic field

15 gradient across the magnetic recording layer. The provision of the soft
magnetic under layer further improves the characteristics of the

perpendicular magnetic recording medium.

One or more undercoating layers and a domain controlling layer

20 disposed between the nonmagnetic substrate and the soft magnetic under
layer completely prevent spike noises caused by domain walls formed in the

soft magnetic under layer from occurring and facilitate providing a practical

perpendicular magnetic recording medium.

25 By forming the magnetic recording layer under a gas pressure between
10 mTorr and 100 mTorr, a practical perpendicular magnetic recording

medium exhibiting excellent characteristics is obtained.
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Claim
What is claimed 1s:

1. A perpendicular magnetic recording medium comprising:
a nonmagnetic substrate,
5 an intermediate layer above the nonmagnetic substrate,
a magnetic recording layer on the intermediate layer,
a protective layer on the magnetic recording layer, and
a liquid lubricant layer on the protective layer,
wherein the magnetic recording layer comprises an amorphous alloy
10 layer comprising a rare earth element and a transition metal and Ag added

to the amorphous alloy layezr.

2. The perpendicular magnetic recording medium according to Claim 1,
wherein the concentration of the Ag added to the amorphous alloy layer is

between 1 at. % and 15 at. %.

15 3. The perpendicular magnetic recording medium according to Claim 1 or
2, further comprising a soft magnetic under layer between the nonmagnetic

substrate and the intermediate layer.

4. The perpendicular magnetic recording medium according to Claim 3,
further comprising one or more undercoating layers between the
20 nonmagnetic substrate and the soft magnetic under layer and a domain
controlling layer between the one or more undercoating layers and the soft
magnetic under layer, the domain controlling layer controlling the domains

of the soft magnetic under layer.

5. A method of manufacturing a perpendicular magnetic recording
25  medium, comprising the steps of:
forming an intermediate layer above a nonmagnetic substrate,

forming a magnetic recording layer on the intermediate layer, the
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6 The method according to Claim 5, wherein the step of forming the
magnetic recording layer is conducted under a gas pressure between 10

mTorr and 100 mToxr.
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