2 2 JUN2om PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND THE METHOD OF
MANUFACTURI NG THE SAME Field of the Invention 5 The present invention

rel ates - to a perpendi cul ar magnetic recording nmedium and the nethod of
manuf acturi ng the perpendi cul ar magnetic recording medium, Specifically,
the present invention relates to a perpendicular nmagnetic 4 c-ﬁ%lﬁﬂﬁ@ medi um
nmount ed on various magnetic recordi ng apparatuses and form ng recording
magneti zation in 10 perpendicular to the recording plane thereof and to the
met hod of manufacturing the perpendicul ar magnetic recordi ng nedi um
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perpendicular magnetic recording medium mounted on various magnetic
recording apparatuses and forming recording magnetization in

10  perpendicular to the recording plane thereof and to the method of
manufacturing the perpendicular magnetic recording medium described

above.

Prior Art
15 As the capacities of the magnetic disk storages such as the external
storages of computers become larger and larger, higher recording densities
have been proposed for magnetic recording media. The conventional
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



magnetic flux generated froma magnetic head enployed to record signals in
the magnetic recording layer. CoCr alloy crystal filns are used mainly for
the material of the magnetic recording |ayer for the perpendi cul ar nagnetic
5 recording nedium The anorphous alloy filmincluding a @& gugapsh el ement
and a transition nmetal and used for the magneto optical recording naterial
Is very hopeful for the material of the magnetic recording |ayer in the
per pendi cul ar magnetic recording mediumdue to its |arge perpendicul ar
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the recorded signals and, sonetines,
“rare-earth-transition-metal amorphous film” or simply as “the amorphous
alloy film”. The amorphous alloy film having a composition near the
compensation point is used for the magneto optical recording. However, it is
15  difficult to use the amorphous alloy film in perpendicular magnetic
recording without modification, since the coercive force He of the amorphous
alloy film in the composition range around the compensation point is much

higher than the coercive force, which the perpendicular magnetic recording

materials are required to exhibit.

20
Problems to be solved by the Invention
In these days, noise reduction in the perpendicular magnetic recording
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.



30 erases the recorded signals. 2 2 2 JUN 2806 Japanese Unexam ned Laid
Open Patent Application (Koukai) No. HO7 -296357 discloses that a

per pendi cul ar magnetic recordi ng nmedi um exhibiting excellent nagnetic
characteristics is obtained by providing the nediumwth aré g—Fe- B | ayer
exhibiting a high coercive force, wherein R 5 represents Nd¥ £JU8r2008i and
Pr. However, there exists a certain limtation in realizing a high
recording density in the magnetic recording nedia including a magnetic
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the Problens As a result of the extensive and intensive investigations, the
pr esent

In contrast to the CoCr crystal film that has a grain boundary, the
rare-earth-transition-metal amorphous film has no crystal grain boundary.

The signals written in the amorphous alloy film are shifted or erased, since

15 the amorphous alloy film does not have nuclei for holding the signals
written therein at the initial sites. Shift or erasure of the written signals are
liable to happen especially when the signals are written at a high frequency.

As far as the rare-earth-transition-metal amorphous film is not improved

nor modified, the amorphous alloy film is wunemployable for the

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



i nventors have found that the domain walls are fixed and excel |l ent magnetic
3 2 2 JUN Z characteristics for a perpendi cul ar magneti c recordi ng nedi um
are obtained by segregating Ag in the rare-earth-transition-netal

amor phous film According to a first aspect of the invention, 2hgse sy
provided a 5 perpendicul ar magnetic recording nediumincluding: a
nonnmagneti ¢ substrate, an internedi ate | ayer above the nonnmagnetic
substrate, a nagnetic recording |layer on the internedi ate |ayer, a
protecti Bakaderisels fiea P%ﬂibﬂa&%ﬁ&éﬂéﬂ&ré&)ﬁ&fng Afedidml 4, @UKtalady 1 cant

| ayer on the protective [ayer, wherein the nmagnetic recording layer is an
anor phoudyadeigoggdtaye Agiindihediamer e 20t ha traansetieam étad hemephousdila. t r ansi ti on
nmetal and Ag added to the anorphous alloy |layer. Advantageously, the
concentration of the Ag added to the anorphous alloy |ayer is between 1
at. %and 15 at. % 15 Advantageously, the perpendicul ar magnetic recordi ng
medi um  fur t NekobdigbUdsSa afiRg! hspRAN6E | thelPEIntidY, S Eh D! Ve obiMd a
nonmagnetic substrate and the internediate |ayer. 20 Advantageously, the
per peddi pekpendiaglaet imageetne dremprdbg umediumt hiscludiabUdaes mammemagnatio e
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wherein the magnetic recording layer is an amorphous alloy layer including

10  arare earth element and a transition metal and Ag added to the amorphous

alloy layer.

Advantageously, the concentration of the Ag added to the amorphous
alloy layer is between 1 at. % and 15 at. %.

15
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



met hod of manufacturing a perpendicul ar nmagnetic recordi ng medi um
including the steps of: formng an internedi ate | ayer above a nonmagnetic
substrate, formng a nagnetic recording |ayer on the internedi ate |ayer,
the magnetic recording |ayer being an anmorphous alloy |ayer 2ihQundimo a
rare 5 earth elenent and a transition netal and Ag added to the anorphous
alloy layer, formng a protective |ayer on the magnetic recording |ayer,
and formng a liquid lubricant |ayer on the protective | ayer.

Advant ag@pitsbdl of hﬁaﬂﬁ%ﬁﬁﬁﬁgr §Cgéfije’?ﬂlié1ﬁ¥ﬂn{a%n%ﬁ%”'§&o&'8ﬂfgf Redi@dsn, 10
pressure between 10 mTorr and 100 niorr. Brief Description of the Draw ng

Fi gure Finpludingstle stependt fontingsan seterinmvhaitey lagier afboare pre mpaunh gnelt ey
magneti c ecordi,ng medi um according.to.a first. myde for_carrying. out the
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invention. " Fig. 3 1S emat 1 C cross Sectiona ew o p rpengi cul ar
magnes i ceamthosldimegtreati ariracsitioai mgtaloand Y addedde the ansaphpusGlipyt t he
invention. Fig. 4 is a pair, of curves relating the magnetic
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i nvention. s acurve'r i ng e perpe cul ar magneti c ani sotropy
constant with the dopi ng anount of Ag for each perpendi cul ar nmagnetic
recordi ng nmedi um according to the first enbodi ment of the invention. 25
Fig. 6 is a pair of curves relating,the coercive force and the squareness
ratio with tKelvgasagraaslyrthe magnetighiecprding laagnas ifermed omlarga 1saper of

each. per I 6 record ium according to the first
enboll mﬁ?&g’gg‘%%’% ! Elﬁtélﬁc}rriasn aﬁ!g@?r\l/’g&%el ating the perpendicul ar magnetic
ani sotropy 5

Brief Description of the Drawing Figure

Fig. 1 is a schematic cross sectional view of a perpendicular magnetic
recording medium according to a first mode for carrying out the invention.

15 Fig. 2 1s a schematic cross sectional view of a perpendicular magnetic
recording medium according to a second mode for carrying out the invention.

Fig. 3 is a schematic cross sectional view of a perpendicular magnetic
recording medium according to a third mode for carrying out the invention.

Fig. 4 is a pair of curves relating the magnetic characteristics with the

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

Fig. 5 1s a curve relating the perpendicular magnetic anisotropy
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



2 2 JUN 2006 constant with the gas pressure, under which the magnetic
recordi ng | ayer of each perpendicul ar nagnetic recordi ng nmedi um accordi ng
to the first enbodinent is formed. Fig. 8 is a curve relating the SNR with
t he dopi ng amount of Ag in the 5 perpendicular nmagnetic rec@ giJun pogli um
according to the second enbodinment. Fig. 9 is a curve relating the SNR
with the gas pressure, under which the magnetic recording |ayer of each
per pendi cul ar magnetic recording nedium according to the second enbodi nent
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stand tester for one turn of the perpendicul ar magnetic recordi ng nedia.

Modes f oeaclar pgipegdoatiar hmagnetint regorfiog thedivmentdording |to ke déisstri bed in
detail her ig‘?ftetr:.v\%th 15 reference to the acconpani ed drawi ng fi gures
and in c§ WERL i f¥mede  nodes for carrying out the invention. First

mode Fig. 1 ip5ga8$$hemabé CehRESIRESNIORMN Elg@?%@h%ﬁ@ﬁﬁ?ﬂﬁh@iﬂlemgne“ c

20 recordi ng nedi um according to a first no ryirng out

i nvens i operpeRelienlarngnageetio Feqrding t hedpempeactoedingr tmagtied i sedoadlor di ng
medi um acc rgi,n to the first node includes at |east an internediate | ayer
5 above ﬁmci?? h‘iﬁ‘gﬁﬁeti c substrate 1, a magnetic recording layer 6 on the

i nternmedi at e 5 L : e i kng | ayer
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6 10 Fig. 10 is a pair of output waveforms obtained with a spin stand tester

for one turn of the perpendicular magnetic recording media.

Modes for carrying out the Invention
Now the invention will be described in detail hereinafter with
15 reference to the accompanied drawing figures and in connection with the

modes for carrying out the invention.

First mode
Fig. 1 is a schematic cross sectional view of a perpendicular magnetic
20 recording medium according to a first mode for carrying out the invention.
Referring now to Fig. 1, the perpendicular magnetic recording medium
according to the first mode includes at least an intermediate layer 5 above a
nonmagnetic substrate 1, a magnetic recording layer 6 on the intermediate
layer 5, a protective layer 7 on the magnetic recording layer 6, and a liquid

25  lubricant layer 8 on the protective layer 7.

The nonmagnetic substrate 1 is a circular carrier plate, on which the
magnetic films are deposited. Al alloys, chemical strengthened glass, and

crystallized glass provided with NiP plating and used for the conventional



2 2 JUN 2406 magnetic recording nedia are used for the nonmagnetic
substrate 1. The internediate layer 5 is used to control the
characteristics of the magnetic recording |ayer 6. Nonmagnetic el enents
and nonmagnetic alloys 5 are used appropriately for the inter@ediJdNe2btayer
5. Preferably, the internediate layer 5 is between 5 nmand 30 nmin

t hi ckness. The magnetic recording layer 6 is a rare-earth- transition-netal
anor phous film ThCo, TbFeCo and such anorphous alloys are used for the 10
magnet i ¢ magnmtdi regotdiygmédiaHre 1spddot tite hoaimapaeoic sulbetiatydnti on i s that
Ag is contained in the rare-earth- transition- netal anorphous film The
Ag added facilitates fixing the donmain walls between the recorded bits at
the locations, thereat the domain walls were when signals were witten

into the per giype ' o} ' r [ cordi ng
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depositing Ag froma target containing Ag and an anorphous all oy including
a rar® eafe hueadnpnronrdtelyt dansthe dntemnediate layeneposPrafpepbdy, fthem a Ag

20 chip LLi . u I rget . VWhen the anor phous all oy
filmcon a?kéwﬁgﬁg1§ﬂgﬁgf9§?ﬁﬂgﬁb$nié?%?ﬁg?nﬁbg}H§a§%ﬁ%nt of Ag is too
small to sufficiently fix the domain walls. The anorphous alloy film
containing nore than 15 at. % of Ag does not work as 25 a perpendicul ar
magnetic recording |ayer, since a sufficient perpendicular nmagnetic

ani sotropy i ¥heotmagrelinetecordiagerlayer ¢ hts Ay tanecanthiransition metalf er abl y

per pend: SuRaPhdls Ry 218k, S bR USRI s ae R d i g '
pressyir emadideic Mbhding N8y dTeEINEid Spd @GO fditite bAMRY ifvehtion is that Ag is
contained in the rare-earth-transition-metal amorphous film. The Ag added
facilitates fixing the domain walls between the recorded bits at the locations,
thereat the domain walls were when signals were written into the pertinent
bits. Therefore, the bits recorded at a high recording density by domain wall

15  motion are prevented from shifting and erasure.

Ag is added to the rare-earth-transition-metal amorphous film by
depositing Ag from a target containing Ag and an amorphous alloy including
a rare earth element and a transition metal or by depositing Ag from a Ag

20 chip positioned on an amorphous alloy target.

When the amorphous alloy film contains less than 1 at. % of Ag, the
doping amount of 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.



formed, is lower than 10 mlorr, it is difficult to wite signals, since the
magneti ¢ exchange interaction is too strong. Wien the gas pressure is

hi gher than 100 mTorr, the magnetic recording |ayer forned is_not suitable
5 for perpendicul ar recording due to | ow perpendi cul ar magnet B SHN<¥886 opy.
Therefore, it is desirable to set the gas pressure for formng the nagnetic
recording |l ayer 6 between 10 mlorr and 100 mTorr. A film containing carbon
as its main conponent and such a 10 conventional protective filmare used
for the prot &¢henéhé apempréssuiec updet edtich ¢he ayaegnetic sedoodimgdlayedd ist he
conditiops foy formng.the protective, fil s _of the conventional nagnetic
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Second ngpde The perpendi cul ar magnetic recording nediumaccording to a
secomd 3 peywendyrulanrearding duet toelow, perpenshicniart magnptie | anisetropst ween

the non I.C -subsir internediate.l ayer.. a soft magnetic
under 1 SFOpkE EIRVIERRIC B bl PR SRE Suin b mARER ¢ head
used f ofedoedidigdiaRer 6MhedwdBANS T ok £EARNIONIMTRYRr . Fig. 2 is a schematic
cross sectional view of a perpendicular magnetic 25 recording nedi um

according to the second node for carrying out the invention. Referring now
to Fig. 2, the perpendicular magnetic recording nediumaccording to the
second node hncﬁtjlge%gg%least a.soft magneti ¢ under | a
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protective layer 7 is formed under the conditions for forming the protective
films of the conventional magnetic recording media. Conventional materials
are used for the liquid lubricant layer 8. For example, perfluoropolyether
lubricants are used preferably. The parameters such as the thickness of the
15 liquid lubricant layer 8 are set at the parameters for the conventional

magnetic recording media.

Second mode
The perpendicular magnetic recording medium according to a second
20 mode for carrying out the invention further includes, between the
nonmagnetic substrate and the intermediate layer, a soft magnetic under
layer for converging the magnetic flux generated by a magnetic head used
for recording in a magnetic recording layer.
Fig. 2 is a schematic cross sectional view of a perpendicular magnetic
25  recording medium according to the second mode for carrying out the
invention. Referring now to Fig. 2, the perpendicular magnetic recording
medium according to the second mode includes at least a soft magnetic
under layer 4 above a nonmagnetic substrate 1, an intermediate layer 5 on

the soft magnetic under layer 4, a magnetic recording layer 6 on the



internediate |l ayer 5, a protective layer 7 on the magnetic recording | ayer
6, and a liquid lubricant | ayer 8 on the protective |layer 7. The substrate
1, the internediate |layer 5 the magnetic recording |ayer 6, the
protective layer 7, and the liquid lubricant layer 8 are cgnf Uﬂ”g@@n: n the
same manner as those 5 in the perpendicul ar magnetic recordi ng e
according to the first node. The soft magnetic under |layer 4 is disposed
to converge the magnetic flux generated by the nmagnetic head used for

r ecor di niptiemmekléatedgper Hca pooteetivedaper 7arethesmagnEeicalebayding $eyeiug t

(FeSi Al) al.l oys such allo ar used for.the t netic,under |ayer
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r ecor di ngndaegediquidHebticahhbayeef8 atdcomimneaeddnuricesarhayesinded as phigfeer abl y
from1l0 nmto 300 nm.in thickness considering the productivity thereof.
The iht efirddicaperpefdeular cBREnstis rorerdme Mmedpnsgceerdingt e thaghett ¢
recordi ngnd er 6 and magnetically isolates the soft nmagnetic under |ayer 4
20 and the magnetic recording layer 6 fromeach other. Third node The

per pendi cul ar magnetic recording nmedi um according to a third node for
carrying out the invention includes, between the nonmagnetic 25 substrate

and the soft pmgnetic under |ayer, one _or nore_undercoating |layers and an
ant i f er r omagrd¥e 2oft Magnatifeppfemiayer 4 iy dispeged do Lonzergeotha magnsticr ol | i ng
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10  recording layer 6. NiFe alloys, Sendust (FeSiAl alloys and such alloys are
used for the soft magnetic under layer 4. For example, excellent
electromagnetic conversion characteristics are obtained by wusing an
amorphous Co alloy such as CoNbZr and CoTaZr. Although it depends on
the structure and the characteristics of the recording magnetic head, the soft

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



recordi ng medi um according to the third node for carrying out the
invention. Referring nowto Fig. 3, the perpendicul ar nmagnetic recording
medi um according to the third node includes at | east an undercoating | ayer
2 on a nonmagnetic substrate 1, a domain controlling |ayer é o&ﬁﬁ&
undercoating 5 layer 2, a soft magnetic under |ayer 4 on the go I
controlling layer 3, an internediate |ayer 5 on the soft magnetic under

| ayer 4, a magnetic recording layer 6 on the internediate |ayer 5, a

protect i yvecdrdigf médommtfrgordingnetthe thatomdis dod 8% i o@thaidvietbiosh.
| ubricant | ayer 8 on the protective |layer 7. The substrate 1, the soft
magnet i c Refrtemg aypar to, Fide3i dher petieadicular |mpgnetic regerdingnmeidiumecor di ng
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formed of an alloy containing M or a hard 5 magnetic film the
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0 thi ckogsidimO1he SRECHE iR 1afel | 419281 iveCBTbr ANofT RN AL T ON

controlling ayer  for contr ing the orientation of the nmagnetization in
t he domaimagreditt reebtding lagye B, 3and\éhéiguad Mibdtdoylaer & enthoggoedstivel il mi s
used for _the in contrglling Layer 3, it js preferable for the

under coald¥§ T-gﬁ subgtgaip 1, ﬁla?jéO%sfmagﬁ%ﬁﬂgmilaY%éarh%mﬁeﬁgleéhat@ce

cent cyhi efqy j 1
inderboatiyss bl ihibierdl 1B UTREBCHIEp Rt Ave LG 2rfiR 1IN o1
substr at turicshtl tapdr 1Bayes dodfigugedt irolthiengalee nid Mg rshk Ughdseei®fthehe
nonmagnetic netal |ayer or the _nonmagnetic alloy |ayer described above.
When a hafparshierdar anggnetiq epcoedas mggmm@cquﬁamm&m sefondigodeyer 3, O
al l oys are enpl oyable for the 10

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



2 2 JUN 2016 undercoating layer 2. In this case, the undercoating |ayer 2
may further include, on the side of the nonmagnetic substrate 1, a
plurality of Iower |ayers for controlling the fine structure of the C
alloy layer. 5 Now the invention wll be described in connecjigo hyvl t he
preferred enbodinments of the invention. Al though the invention W
described belowin connection with the preferred enbodi nents thereof,
changes and nodifications are obvious to those skilled in the art w thout
depar t i ngnflefudatingeldyene2, shi rthis ohsd, hthel andstdoatingThsfeef Draay tf@thyresent

i nvention be_ 10 understood not by the specific disclosures herein but by

t he appeHifende| anre siderelothe mepsgraticssubstrate dnsonlwsdity 19f lRvearoot h™ and

flat chep ¢ t [ engt,hen ass, substr S i.Substrate N-5 supplied
From boy Fehy 5 SHRRBRA e SRRk uBe & BRGINERE. A Ter bei ng

cl eaned, the glass substrate is |oaded in a vacuum chanber of a sputtering
apparatus and a Ti layer is deposited on the glass substrate, resulting in

a Ti intermediate |ayer. The resulting Ti 20 internediate layer is 15 nmin
t hi ckness. TRNaW theingeetipe wikbe dlesgribegdn connergpneditbnthehpreferred

oo ageRiBlR¥aEs 4P Y, utERE” ARLRER e B Ll beagetihenl 9
adj ust edpbve RRREHABCH S WiALSE I%feféﬁﬁd%nﬁmm?er&@ ﬂ}lféeeai?@ﬁahgé@%hd The

gas pressure inside the vacuum chanber is controlled between 5 nmlorr 25 and
150 niTor mdyficatiorst aregobvieus ¢o dhosd ekilledt i tfe attewitdoubskegartingffirdm

depositi gn and the. openi of the. val di sposed between the vacuym
charber g}ﬁ‘a trHe @H’@b‘ﬂrﬂqugﬁ%.mﬂﬁ’éﬁm' ciﬁ%‘é“sfg’?ﬁ’ &H"e ﬂ’é?@ﬁ@fi’élvfeé‘E‘SPd;f’ﬁg | ayer
I's Sg§ alindQrd¥Bdd kbt by the specific disclosures herein but by the appended claims

thereof.

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 TbCo target and a Ag chip placed on the TbCo 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.

11



2 2 JUN 2006 Then, a carbon protective layer of 5 nmin thickness is forned
on the nmagnetic recording layer. Then, the lam nate forned so far is taken
out fromthe vacuum chanber. The constituent |ayers except the magnetic
recording |ayer are formed by DC nagnetron sputtering under th mfl@
pressure of 5 niforr. Finally, a perfluoropolyether liquid | ubr| can yer

of 2 nmin thickness is forned on the carbon protective |layer by dip
coating. Thus, the perpendicular nagnetic recording nmedia according to the

first e”b0d'TH°e'iht aaéé‘rbi)ﬁ%ﬂo‘é@ét% la%rﬂf% RO PE thickTiRas 36 tehsd laStHyf t he
per pendi cul ar magnetic recording nedia fabricated are calculated fromthe

magnet i zmagrmtmjr&@sdngabweed Thmt, itha ldrbmeate niprsadpse famdadnbort@it. The

per pendi gul ar netic ni const.ant s are cal cul at ed from t he
magnet | c(fﬁoaﬁqud@ apven hamdre %Canf)‘ilg%?éltcg’rﬂ ?n‘?"r?ﬁp’é Hélenm%ne o the

substrat ‘f-eéogfifr%g Qaycr akb ForfhellS b?OBgJ ma n&ﬁéﬁ{ ?g)dtﬁéﬁﬁ unt ° Fﬁé/;gg ' Veeac "

force He squar eness rat pl ng a

per pendi pubssure vk dnaloer. Fioallg agaem‘ﬁdbwpoaﬁénhédﬂmgud Qubtieait I=sfer@ffi2odi nent
of the inventiagn. The cqercive farce ri ses shar hy adding 1 at. % or
more of E@IAQ thickmess i Eraagd wnt Flemfmbqshm&eatwanﬁyphdn@ dipcoraRd r eaches

2, MO e 0 JRLEpIRRD 0000 RO A8 AOMN AL 6" asr A O 2t

% The caoertive mOhSE ORI & oh of Ag
and reaghftmdambawavakidgi@ftedess than 3000 Ce at the Ag dopi ng amount of 20
at. O or nore. The squareness ratio Sis at an excellent value of alnost 1
up 25 to the Ag dopi ng amount of 15 % However, the squareness ratio S

| owers sharply with further increase of the Ag dopi ng anount. Fig. 5is a
curv

relatl the d| canls const ant  Kul. vvlththe
Gopi K8 amounct s PRGRREE BRr AU IR AT e Cp BB LA TRY m AR olitin
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.

15
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
20 Ag to the rare"earth"tréhsition'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 Hc 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
25  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



12 2 2 JUN 2006 recordi ng nmedium according to the first enbodi nent. The

per pendi cul ar magnetic ani sotropy constant Ku is around 2 x 10 6 erg/cc
when no Ag is added. The perpendi cul ar magneti c ani sotropy constant Ku
rises sharply with increasing Ag dopi ng anount and takes ag2r&lUuNies v

| arge value of 5 x 5 10 6 erg/cc at the Ag doping amount of 5 at. % at

whi ch the coercive force He takes the maxi mum val ue. The perpendi cul ar
magneti c ani sotropy constant Ku | owers nonotonically with further increase

of the Aged@Rin¥ maliutace®dlihs, todthd Morsf\dk APIRG RIOIMY Ripefdidhlar® 1.5 X
10 6 erg/cc or lower, too low to be the perpendicul ar nagnetic ani sotropy

const ant nfagnetiveandiBopeppendstaritaKunegreund 2 ecbd dievg Nedwhem @ovgoiss| y, t he
change of the coercive force He with the Ag dopi ng ampunt. described in
Fig. 4 igaddededbedremppndyalan magneiic emasqieriie seneianar Kiatjses ishamplysot r opy

o kA5 ERE ARSSOEROCG HERAR g 55

obt ai ned by

rar e-gar y9-stdranséd hPthdBigadopiafRmb@sof 5 laf) o i - whRichSth2 ®Rréiveffofddr ves
relating the coercive force He and the squareness ratio S with the gas
pr essur e Hootakex thee npendivnul aalusaglibt i pedendéadadi mggneticumbotmpgi ng to
the first enbodi t. A high coercive force of . 3000 Ce qr higher, is

obt ai nedc9RsteRE Iyadopers menotpricgllyowithy fusthsr ingrease iethe MgadeRingr eness
ratio S | | ant f Q i nt o] ssure
range of h%%%%‘f%%reétl %@%@cﬁﬁﬁ?g@rﬁéﬁﬁéb&%@ﬁ%@e@r 215a?ielr99 t% E%V &0k

per pendi Gk, tHEIRR1th DeAfHS PbFfRMicla R $h A et aldobrophecdidtadt fFSiHee, under
whi ch the magnetic recording '|layer of each perpendicular nagnetic

recoi@i ngermdidicnlac conghalge trecorangf inediumntiobivicesly, i thef chamegk ofl theough t he
per pendi 8gér%{venﬁ)ggeeﬁccw%t% 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 Hec 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

13



2 2 JUN 2U6 ani sotropy constant Ku takes a high value of 5.7 x 10 6 erg/cc
at the gas pressure of 5 nforr, the perpendi cul ar magneti c ani sotropy
constant Ku |owers nonotonically with increasing gas pressure and is 2,7 x
10 6 erg/cc at the gas pressure of 100 niforr. The perpendi cRlZagUtrggset i c
ani sotropy 5 constant Ku takes a |low value of 1 x 10 6 erg/cc at the gas
pressure of 150 mlorr. Second enbodi nent A nonmagnetic substrate sanme with
t he nonmagnetic substrate used in 10 the perpendi cul ar nagneti c recording
medi a acanisttrupyt tterstants Kvetddodi adrigh visduesdd.doc a0 di exg 1 o ahehsepend

enbodi nent of the invention. The nonmagnetic substrate is cleaned and

| oaded i Bressare ff ' Eaniide perpemdicuprimagnefic amentaeris copstagt Ka sof t
nagneticlunder Iager.uélfonﬁﬁd usin% a _CoZr N target. ihe @grned sof t
magnet i o URGE PR BRI B hiRGRAHE SAsREsS TR #Rd S 2 X T &i98di %t e

| ayer, a I<C I a a | s Qi d

| br 1 cant® oy eCpERpaEeTona 0 or: STRE RARERUEMAY Slogndit plisotiily

per pendi consanntrdynedkes a4 doorvadilng ofredi A0 &aagr tiongt theghs pséssarbodilFont .

Thus, perpendicul ar magnetic recordi ng nmedi a having the configuration as

il lustramebpriecn Fig. 2 are fabricated. The el ectromagnetic conversion 20
characteristics of the perpendi cul ar nagnetic recordi ng nedia according the
second enbodi nent are nmeasured with a spin stand tester using a GVR head.
Fig. Sis acurve relating the SNR (the ratio of the noises to the signals
25 in thge&lRrémdoBaRE&kd C conversion) at the linear recording density of
350 kFCl with the dopi ng anobunt of Ag. When Ag is not added, the SNR takes
a | ow val ueAohommagneti¢ gubi@rattheamewishikhe sioomagmbticsiutstratharsediia no

il 615 oL RAARDS MLLLED SLA00 5 Sl oYL R ReR bereln e
shift thg pegldt I ARSrding to the second embodiment of the invention. The
nonmagnetic substrate is cleaned and loaded in the vacuum chamber of the
sputtering apparatus. First, a soft magnetic under layer is formed using a
CoZrNDb 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



14 2 2 JUN 200 positions thereof. Nuclei are fornmed by adding 1 at. % or
nore Ag and a high SNR of 15 dB or higher is obtained. However, the SNR

| owers sharply as the Ag doping anount exceeds 15 at. %to the higher
side. This is because the perpendicul ar magnetic ani sotropg 2 Querghen
the Ag doping anmpbunt is too 5 high. Therefore, it is preferable to confine
the Ag doping amobunt in the range between 1 at. %and 15 at. % Fig. 9 is
a curve relating the SNR at the |inear recording density of 350 KkFCl with
t he gas posisionsdheraudeNuvlei ake forenedhbnedding dcdr 8 ogmioay éxg afid hthighch

er pendi r etic, recaqrding jum accordi t.o the secand nbodi ment
Ps 1I‘O ormgﬁﬁoﬁﬁﬁwﬁheﬁsﬂ t%nen&i FeVPY tél@té:[gﬁelavqeﬁsts BIRYESS tglteessure
range be . r rd. V\%}gen .1 I r than
10 mforr A\ée\;vr&lsh%gsalmg{ﬁ%ﬂﬁg gg%r? h(r%gltg%g ﬁ’/rti'ot enhliéglﬁerg%geé’?gﬁﬁ/{éatﬁedg Siegt%\ée

r ecor di ngeensli¢yladueagreticcmistiropg lexehawbenitht xgpdopiag dmsudeid tve

magnetic 15 recording layer qQr the SNRis irghpaired due to the shifts of the
wri tten highynbherefenes it tiheprgderable Jeganling pheys dopime Pogowmoin thehe

per pendi fagzToly i i Yo.i S lOwered and, therefore, the SNRis
i npai redg I’T]?T%.I’I Zi %af'h%%nzcg%ﬁg ?’g %éscri bed above, it is preferable to set

the 20 doping anmount of Ag to the rare-earth- transition nmetal anorphous
alloy filmbetween 1 at. % and 15 at. % and the gas pressure, under which
the anorphous alloy filmis forpmed, between 10 mflorr_and 100 nmfTorr. Third
embodi ment 281 hntragre redatinsdhe SINRedribelingartseonddnadgnaity of S§0st r at e

used in pandi cul ar maagnetic recordj,ng nmedi a. accorgi ng,the cond
embod ek Gl EEANG 88 Abatis Sader R ARG LD slteRsRiC SRR IR Ton.  The
nonnegnethéh PeRpbhdicaldrs ned @aprd r@éaidirpga%éidimenti&oymgum chanbabngf the
sputtering apparatus. First, a Ta layer is forned on the nonmagnetic

embodiment is formed. A high SNR of 15 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



15 2 2 JUN 2008 substrate, resulting in a first undercoating |ayer. The
resulting first wundercoating layer is 5 nmin thickness. Then, a N FeCr

| ayer is formed on the first undercoating layer, resulting in a second
undercoating layer. The resulting second undercoating | aye 21 ? ’gﬁ@ in

t hi ckness. Then, an IrMh 5 layer is forned on the second under 8 t91g

| ayer, resulting in a domain controlling |ayer. The resulting donmain
controlling layer is 10 nmin thickness. Then, a soft magnetic under

| ayer, amubstrateyedestléingayinr a dirstragnddicoatiagolajterg Thy eresudtipgofiest i ve

| ayer, and a liquid | ubricant Ja er are _formed jn sane manner as those
i1 the pélrn&@ﬁ%ﬂagmga layegdh e g 1y Urigkagss: Hgl%@l Iéh%%ébf%f%glstfﬁgn%(%hd

enbodi ne , t g§g| e
confi gur 21{1? gﬁ@g?qd@%@[‘ﬂ}% gé@}J Ttgulg%% f are fQ" 8{1) 1{:1-5'3&% i t&%ﬂiﬁ%glfsﬂba pair
of out pu&emwﬂgosmndbnﬁamdamghlageﬁﬁsrﬁ sharid faekedss. ThdmrawneMuur n of
t he perpendi cul ar magnetic recordi ng nmedi um according to the th| rd

enbodp neddyeints @maﬁhwegmq)Me@m@mgréw inespling dnn@ davealinum
an out wavef orm

Anong t he for vef or

for "ane CoPoRiRE HavhE, gibrdthiatdbitins Padi s JadBn HmSaeab i ng 1o
the thirg¢hRrRe. mf‘ﬁbn W@oﬁanﬁigﬁéﬂcl%%ersm«erouhpu{tegﬁeu@afc%f Riye:f @r one
turn of a conparative perpendicul ar gne ic recording nedium’having a

conf i gur anagnetsi rcbudingdayéata protedtéve naind @l ]aquldrﬂa@mmam laperoaai ng

medi um a cord t he second enbodi ided w ei t her
undercoa 4 &’e orsaﬂjt?rrdpﬂnﬁ%tq%lq%i% f PR lﬁ arpé‘l‘%}?&%ul ar

magnegi c di S h domai n
gnegd ré&ﬁairgg NEedRdbEmhned UHes sieh g@ﬁg@?g@gﬁéﬁm@[ ? ]ba]x&fcumr

controlling l|ayer, spike noises are caus thereof. In
contrast magxmtusrmrdnhgomdm hawieg thelepnfigtiratgon aypallnsaraded indbigaidn
control li ngf chategrevent S spi ke noi ses from causi ng, since no

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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domain wall is formed in the soft nagnetic under |ayer due to the provision
of the one or nore undercoating |layers and the donmain controlling |ayer. 30
16 2 2 JUN 2008 Advant ageous Effects of the Invention As described above,
the perpendi cul ar magnetic recording medium according to thepijgy i on

i ncludes at | east a nonmagnetic substrate, an internediate |ayer above the
nonnmagneti ¢ substrate, a magnetic recording 5 |layer on the internedi ate

| ayer, a protective |ayer on the nagnetic recording |layer, and a |liquid

| ubri canfdvauedgcomstEedps of gsd Ivedtaer . Wherein the magnetic recording
| ayer is a rare-earth-transition-netal anorphous alloy Ilayer, to which Ag

i s added. ByAaddesgrifedombovet thes perpesdiamlasombgretic aecpalipg noieditmar
magneti c recqrdin di um exhi bi ti excellent 10 chaj.acteristics is
obtai nedacHAEL T thEGRIEPE ot deh, BF LapeinBsReBeERRtn SIS Rrdgnet |
substr at [ ' | 2MEHh B j [ﬁ?,gneti o
flux gengl}tgglglgaﬁ gnllag@fmggﬁ{éi@:t@e head %%Igé%?dolrg%ﬁgﬁgégeg%ﬂia&%@nqg%ng&?g ireld 15
gr adi &nt laer amsthchetemgediaite layerpa girntpckapdayeTbe the avagnaiic ofcotdiags of t

magneti c_ under |ayer. further, i nproves the characteristics of the
per pendi H¥e&r %ﬁei‘%‘“{ éegxﬂa?{% lagen om t@QYSFeWﬁefWe%}%ﬁ%&hﬁayer s

and a dopnj | d] h '
ubst r at g ER RO AoV BY 3 o EREL ARSI S BNIBE A o1 ses
caused bayderes whiehl Ag fiorawriddi Byt bddirgofioniaigaet ¥Cctaingest. | Byer AEr am
occurring and facilitate providing a practical perpendicular magnetic
recor di ngeyReaidighlaps myagratis ngredesdggnemedivmc orefikibiting er enerlianta gas

pressure between .10 ry _and 100 niforr, a practical perpendicul ar
migniji c(’}rl%rca\gif%lsntécs 1sr§£%ame%_

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.

17



medi um exhi biting excellent characteristics is obtained. 17 2 2 duN 21106
Si nce the magnetic recordi ng nmedium according to the invention may be
manuf act ured using the conventional manufacturing facilities, the nethod
of manufacturing the magnetic recordi ng nmedi um accordi ng tozgﬁéw iﬁ‘ention
is suitable for mass production. 5 10 15 20 25 30 18 22JUl4 %jc ms What
is clained is: 1. A perpendicular nagnetic recordi ng nmediumconprising: 5
a nonnmagnetic substrate, an internedi ate | ayer above the nonnagnetic
substrate, ®&inegikd ncagety chcogdingy®ke douimt Aot dihgr toetticairerenaioer mad
protective |ayer on the magnetic recording layer, and a |iquid |ubricant

| ayer onDPehé&grypstitede usigrthe coppenappal Haaputpduring daghdiosy theyer

. _ s ol o
comm ! eyl TR BHA R A S O S e A RSB 2
magnet i cifvarich Rosditaise fosnfa@k peedudtsai. a gas pressure between 10 niorr

and 100 mTorr. 15 2. A perpendi cular magnetic recordi ng nedi um conpri si ng:
5

10

15

20

25

30

18



a nonmagnetic substrate, an internedi ate | ayer above the nonmagnetic
substrate, a magnetic recording layer on the internediate | ayer, a
protective | ayer on the magnetic recording layer, and 20 a liquid

| ubricant |ayer on the protective |ayer, wherein the nagnet@%ap@ﬁo i ng
| ayer conprises an anorphous alloy |ayer conprising a rare”e ment
and a transition netal and Ag added to the anorphous alloy |ayer, and the
concentration of the Ag added to the anorphous alloy |layer is between 1
at. % and-fhgnat. % 25 3. The perpendi cul ar magnetic recordi ng nmedi um
according to Claiml or 2, further conprising a soft nmagnetic under |ayer
bet ween the nonmagnetic substrate and the internediate |ayer. 4. The
perpendiqw%a[ig%g%%&&qyrecording medi um according to Claim3, further

conpri sing one of for e 'undercoating | ayers between the nonnagnetic

substrat el.30 ¥pérpendléilk2hi@gnaindetdrdingafiddinmgoedprisingnder | ayer and a donain
controlling I%yer bet ween .the one or nore undercoating |ayers and the soft

magnet’i ¢ under® RARPRISNCHAILIHAR n 5 control ling | ayer controlling the

domai ns of therS@idmeMARAk)& AbBHLhe fYRlagnetic ApsRidRod of manufacturing a
per pendi cul ar magnetic recordi ng medium ~ conprising the steps of: formng

an i nt er medi atempgResic regsdiag dayes onlgnistermediatstayat,e, 10 forming a magnetic
recordi ng | aye . i i . . etic recording |ayer
Lpfkchilib O G R B8t B Blaind [SIIAD

conprising an a ous” al conpris are earth elenent and a
transition netaliquditbbigamdaya dnaht beotenivepdyers al |l oy |ayer, forming a
protective Ia%/er on the mag%neti.c r?cordir}g l.ayer, and form nﬂ a
100 wherein the magnetic Tecording layer comiprises an amorphous alloy layer
comprising a rare earth element and a transition metal and Ag added to the
amorphous alloy layer, and the magnetic recording layer is formed under a gas

pressure between 10 mTorr and 100 mTorr.

15 2. A perpendicular magnetic recording medium comprising:
a nonmagnetic substrate,
an intermediate layer above the nonmagnetic substrate,
a magnetic recording layer on the intermediate layer,
a protective layer on the magnetic recording layer, and
20 a liquid lubricant layer on the protective layer,
wherein the magnetic recording layer comprises an amorphous alloy layer
comprising a rare earth element and a transition metal and Ag added to the
amorphous alloy layer, and the concentration of the Ag added to the amorphous

alloy layer is between 1 at. % and 15 at. %.

25 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 nonmagnetic substrate

30
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15 liquid lubricant |ayer on the protective |ayer, wherein the

concentration of the Ag added to the anorphous alloy | ayer

is between 1

at. %and 15 at. % 6. A nethod of manufacturing a perpendicul ar magnetic
recording medium 20 conprising the steps of: formng an internediate

| ayer above a nonmagnetic substrate,

the internediate | ayer, the nagnetic recording |ayer conprising an

anor phous al l oy | ayer

forming a magnetic recofd dYN|28er on

conprising a rare earth elenent and a transition

nmetal and Ag 25 added to the anorphous alloy |layer, formng a protective

| ayer on the magnetic recording layer, and formng a liquid |ubricant
| ayer on the protective |ayer wherein the step of farm ng the magnetic

recordi ng
m Torr.

Fohe rsof.'t %&%@ﬁl&'ﬁﬁ@eq 1&&)%9 §hd 9 Hftin Q&Iﬁ?(ﬁﬁlﬁge 13195“1I lyg%%@enlg‘le r(T:)Txrl(e): rr

or more undercoating layers and the soft magnetic under layer, the domain

5  controlling layer controiling the domains of the soft magnetic under layer.

5.

A method of manufacturing a perpendicular magnetic recording medium,

comprising the steps of’

10

15

forming an intermediate layer above a nonmagnetic substrate,

forming a magnetic recording layer on the intermediate layer,

the magnetic recording layer comprising an amorphous alloy layer comprising
a rare earth element and a transition metal and Ag added to the amorphous
alloy layer,

forming a protective layer on the magnetic recording layer, and forming a

liquid lubricant fayer on the protective layer,

wherein the concentration of the Ag added to the amorphous alloy layer is between 1
at. % and 15 at. %.

6.

comprising the steps of:

20

25

A method of manufacturing a perpendicular magnetic recording medium,

forming an intermediate layer above a nonmagnetic substrate,
forming a magnetic recording layer on the intermediate layer, the
magnetic recording layer comprising an amorphous alloy layer
comprising a rare earth element and a transition metal and Ag
added to the amorphous alloy layer,

forming a protective layer on the magnetic recording layer, and

forming a liquid lubricant layer on the protective layer

wherein the step of forming the magnetic recording layer is conducted under a gas

pressure between 10 mTorr and 100 m Torr.

20

and 100



