PERPENDI CULAR RECORDI NG MEDI UM METHOD FOR PRODUCI NG THE SAME AND MAGNETI C
RECORDI NG APPARATUS Technical field The present invention relates to a

per pendi cul ar recordi ng nmedi um the nethod for producing the sane and a
magneti c recordi ng apparatus, and nore specially to the construction of a
per pendi cul ar recording mediumthat inproved its recording and reproducing
characteristics by incorporating a underlayer having excell ent
characteristics, the nethod of producing the sane and a magnetic recording

appar at us i | j i i_cul ar
recordi ng Pr%@é?ﬁﬁn“?@‘i% W ﬁgﬁ m&jﬁ{ﬂ%ﬁ i l}%ﬂ&”ﬁkﬁﬁﬁpﬁﬁéw &é&@ai n
hard di skaNIMAGNFTICIRECORDENG ABRARATOSINd Art Lately nagnetic recording
media are widely used in hard disk drives as a high density recording
medi um of a large capacity. And in order to further enhance density,

i mpr ovenefechnical fieei r recording and reproduci ng characteristics and
reducti on of chronol ogi cal changes in magnetization are sought after in a
conpati bl e manner. And as product satisfying these requirenents, the
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Fig.9isa perspective view of a perpendicular recording mediuvm, and Fig. 10 is a schematic

cross sectional view along the lines A — A as shown in Fig. 9.

The magnetic recording medium 90 shown in Figs. 9 and 10 comprises a base substrate 92
composed of a nonmagnetic material, a soft magnetic underlayer 93 formed on this base substrate 92,
a underlayer 94, an intermediate layer 95, a magnetic layer 96 and a protective layer 97.

The perpendicular recording medium 90 of this example comprises, for example, a base
substrate 92 composed of glass, a soft magnetic underlayer 93 composed of Fe — Ni laminated on
said glass base substrate 92, a underlayer 94 composed of for example indium-tin oxide (ITQO), an
intermediate layer 95 composed of Pd, a magnetic layer 96 composed of multiple layers of Co/Pd
and a protective layer 97 composed of carbon and the like laminated successively on the soft
magnetic underlayer 93. The typical thickness of each layer is 200 nm — 3,000 nm for the soft
magnetic underlayer 93, 1 nm - 2 nm for the underlayer (ITO) 94, 2 nm — 5 nm for the intermediate
layer (Pd) 95, 10 nm — 50 nm for the magnetic layer (multilayered film of Co/Pd) 96, and 3 nm — 20
nm for the protective layer 97. It should be noted in addition that the protective layer 97 not shown

may sometimes be covered with fluoric lubricants such as perfluoropolyether and the like.



recording medium efforts have been nmade to search for materials having a
hi gher perpendi cul ar magnetic ani sotropy fromthe viewooi nt of

magneti zation stability at high tenperatures. As one of such materials,
said Co/Pd nultilayered nmediumis nentioned. The Co/Pd nultilayered film
medium is known to have a high perpendi cul ar magneti c ani sotropy due to
interfacial anisotropy in the interface between Co and Pd, and is noted as
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deterioration in_the surface roughness ¢ he ( .
(11), 7531 (2001). On the other hand, the possibility of the medium surface becoming rough, the

corrosiveness of the medium and the like is feared.

Then, the adoption of a seed layer containing 8i0O; such as Au — SiO,.

When a film is formed on a target composed of Au + 15 mol% SiO; by 1f sputtering, Si0Q, forms
on the grain boundary of Au crystal grains. As a result, the intergranular magnetic coupling of the
Co/Pd multilayered medium reduces (Hiroyuki Ohmori, Akihiro Maesaka, The Magnetics Society of
Japan, 26, 535 (2001). However, the rf sputtering film forming method involves a number of
problems in that it is difficult to sputter on both sides of the medium, that the equipment is expensive
and so forth. Therefore, this method is not used in the general apparatuses for the production of
media.

As stated above, in order to realize a low-noise Co/Pd multilayered medium capable of coping
with a recording density of 300 Gb/in® or more, it is essential to develop a new underlayer that

suppresses the magnetic interaction, causes no deterioration in the surface roughness of the medium



2 and yet cope wth sinple process of formng a film Therefore, in order
to overcone the above issue, the inventors of the present invention paid
their attention to the underlayer that greatly affects the crystal grain
di aneter and the distribution of such grain dianeter in the magnetic |ayer,
and |l aunched a project to devel-op the conposition of a new underl ayer
capabl e of realizing a perpendicular recording nmediumthat reduces the
magnetic interaction of the magnetic |ayer, having a superb noise
characteris{j n r ) form.ng.fil-m .An s a resuylt, of .constant
and devot R Efeopt Pl Al BRESS ooy & ChC TSRS i S BB RE e s Eon

i nvent i ontheTiventers of the pomet aivertioe paib jiteatagentibn tohthe prdedayat thatrgrely iafevtsi the t 0
provi de a ndi. r i i , LSS i oned
Bbove, 1 odoR U BRI nd GE LA of RO 1 bidBber ok EBpleLF S M BulRE 020
out st andi Adrarst edavplap diet @hipstitian. of nevansieaer cipplde of chlizitga prrperdivular

| nvent i ON el & mediy kil EreucBEMORGrfic iRLAANAIRGe haRRECRNM Halth@l su F{%aefg! ng
medi um havi ng an out standi ng noi se_characteristic. And yet anot her o j ect
of the prBEERENtisA A REpFetsol formsedimg Andanmesedt ¢fcconsianb ang; deyotethefErtat thes
conpri si NgvéndiB@BRtdea if Rplethde fRGhUMMMI Ng sai d out st andi ng
characteristic. Disclosure of Invention In order to solve said issues, the
per pendi cul dberFiteo Pifi Hghs eRisctinal s Riessqt GRS oy RIQHFR @ PRRRdiSElAtORCE DI i ses
a nonnmagngikditm Has Solww gt isatsementiontd A8dve Ax@iced @E MREhelE HRGickidn Brthé REine®ct |y on
sai d nongagget ihc base substrate, an jnternediate | ayer fornmed on said
under | ayePYTSHg "85 304 BRGILE oLy Eherackegitited on said i nternediate | ayer for
recor di ng negdaidtiter bisjécd bNtaE predent idratidl iNtopedville d mtbeiol af@bduchg APEdp&RARuiaN al | oy
princi pal | S.O%P’ogedhof t WO tkti ncids of %I enent.s, the difference of standard
free enef Gy RE FOF P L AT H eoRIFHE“SF X i tri de of said both el enents
at room t enpend attiamethersotgeet ofathe pl@senk hiwentibn {s0@ povidia Imagnetiabrenpelingaapgarstie
crystal gralns. it ut i i iLheipal ly conmposed of

ol et 5 FFREnE ORISR A DS A Sl BRERBURR. Y (e Crystal
grain boundary of said underlayer is principally conposed of an oxide or a
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According to the magnetic recording medium of the composition described above, in the crystal

structure of the underlayer, the crystal grains are principally composed of elements having a higher

value in said AG®, and the crystal grain boundary is principally composed of oxides or nitrides

having a lower value in said AG®, it is possible to obtain a underlayer containing fine crystal grains

and a crystal structure isolated by the crystal grain boundary. By the adoption of this structure, the

crystal grains of the intermediate layer formed on the underlayer and those of the magnetic layer

formed on the intermediate layer can be easily formed along the crystal structure of the underlayer,

and it will be possible particularly to attenuate the magnetic interactions among the crystal grains of

the magnetic layer. And it will also be possible to obtain an outstanding noise characteristic and to

realize a perpendicular recording medium having an excellent recording and reproducing



realize a perpendicul ar recordi ng nmedi um havi ng an excel |l ent recordi ng and
reproducing 3 characteristic. It is preferable that, in the perpendicul ar
recording mediumrelated to the present invention, elenments with a | ower
val ue ACGcontained in said underlayer be any one of B, A, S, Ti, Zr, Hf,
Ta, M, M), Ca, Be and Ce. It is preferable that, in the perpendicul ar
recording nmediumrelated to the present invention, the contents of
el enents with a | ower value OGcontained in said underlayer be 10 at % or
above and 90 at% or below, and nore preferable that they be 20 at % or
above and“BF4t¥for below. It is preferable that, in the perpendicul ar
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a step of ﬁfnpthmﬂ{'égscIfE&EdMféﬁﬁédla@éﬂﬁferwhirﬁ}ﬁommg@%ﬁxﬁohﬁﬁ% substrate, a step
of formng the internediate |ayer on said underlayer, and a step of

form ng the Welfhetradicalyercadpe Pedivn delaed tOr%h@ﬁr@%%leewwilweeﬁ laygg g
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may be a multilayered film wherein a layer principally composed of Co and a layer principally
composed of Pd are alternatively laminated one on the other a number of times.

It is preferable that, in the perpendicular recording medium related to the present invention, the
layer principally composed of said Co be composed of a CoX alloy and said X be any one of B, Al,
Si, Ti, Zr, Hf, Ta, Mn, Mg, Ca, Be and Ce.

The method of producing the perpendicular recording medium related to the present invention
comprises a step of forming the underlayer on the nonmagnetic base substrate, a step of forming the
intermediate layer on said underlayer, and a step of forming the magnetic layer for recording
magnetic information on said intermediate layer, the step of forming said underlayer comprising a
step of forming an oxide or a nitride of at least an element or more among the elements composing
the underlayer in the underlayer.

According to the production method of such a structure, it is possible to make the crystal grains

of the underlayer infinitely small by forming oxides or nitrides of the constituent elements of said



t he underlayer in the underlayer. According to the production nmethod of
such a structure, it is possible to nmake the crystal grains of the

underl ayer infinitely small by form ng oxides or nitrides of the
constituent elenents of said 4 underlayer in said underlayer, and due to
the preferential separation of said oxides or nitrides in the crystal
grain boundary, it is possible to enhance the isolation of crystal grains
of the internediate |ayer and the magnetic |ayer formed on the underl ayer.
Therefore teraction ano
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i nvention rlse a 05|ng the surtace of said un
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perpendi cul ar recording nediumrel ate the present invention, the
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atmosphere containing oxygen or mh'ogen aﬁer the deposition of said underlayer.

It is preferable that, in the method of producing the perpendicular recording medium related to
the present invention, an alloy of which the element with a lower value AG°is any one of B, Al, Si,
Ti, Zr, Hf, Ta, Mn, Mg, Ca, Be and Ce be used as the alloy composing said underlayer.

It is preferable that, in the method of producing the perpendicular recording medium related to
the present invention, the contents of the element with a lower value AG°contained in said alloy be
10 at% or above and 90 at% or below, and more preferable that they be 20 at% or above and 60 at%
or below.

It is preferable that, in the method of producing the perpendicular recording medium related to
the present invention, an alloy of which the element with a higher value AG®is any one of Cu, Zn,
Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Re, Os, I, Pt and Au be used as the alloy composing said
underiayer.

It is preferable that, int the method of producing the perpendicular recording medium related to



It is preferable that, in the nethod of producing the perpendicul ar
recording nediumrelated to the present invention, an alloy of which the
el enent with a higher value AGis any one of Cu, Zn, Nb, M, Tc, Ru, Rh,
Pd, Ag, Cd, In, Sn, Re, Gs, Ir, Pt and Au be used as the alloy conposing
said wunderlayer. It is preferable that, in the nethod of producing the
perpendi cul ar recording nediumrelated to 5 the present invention, the
contents of the elenent with a higher value AG contained in sai d alloy be
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ani sotropic magnetlcfled Hc 1nt e presen

i nvent i onconfplghipand e bikegr aph showi ng t he measurenments of coercive force and
squareness ration in the Enbodinent 2 of the present invention. Fig. 5is
a graph showi.ng the neasurenents of coercive force He in the Enbodi nent |
of the pP'é%fé}f‘?“IPHQ’éH‘il?raﬂ'“gFl g, 6 is a graph showi ng the neasurenents of

ani sot ropi ¢ Fipgnetd erofs @bsbnkkviéw of iR mdgAhiRdedtRiig Medhm LB iRKiSS 8 Fbrm of
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Fig. 2 is a graph showing the measurements of coercive force He in the Embodiment 1 of the
present invention.

Fig. 3 is a graph showing the measurements of anisotropic magnetic field Hk in the
Embodiment 1 of the present invention.

Fig. 4 is a graph showing the measurements of coercive force and squareness ration in the
Embodiment 2 of the present invention.

Fig. 5 is a graph showing the measurements of coercive force He in the Embodiment 1 of the
present inventior.

Fig. 6 is a graph showing the measurements of anisotropic magnetic field Hk in the
Embodiment 1 of the present invention.

Fig. 7 is a cross sectional view of the magnetic recording apparatus related to the present
invention.

Fig. 8 is a plane view including a partial cross section of the magnetic recording apparatus
shown in Fig. 7.

Fig. 9 is a perspective view showing an example of the magnetic recording medium.

Fig. 10 1s a view showing the cross sectional structure of the magnetic recording medium

shown in Fig. 9.



invention. Fig, 8 is a plane view including a partial cross section of the
magneti c recordi ng apparatus shown in Fig. 7. Fig. 9 is a perspective view
showi ng an exanple of the magnetic recording nedium Fig. 10 is a view
showi ng the cross sectional structure of the nagnetic recordi ng medi um
shown in Fig. 9. 6 (Description of codes) 10 Perpendi cul ar recordi ng nmedi um
1. Base substrate 2. Underlayer 3. Internediate |ayer 4. Mgnetic |ayer 4a
Co |l ayer (layer principally conposed of Co) 4b Pd |ayer (layer principally
conposed of Pd) 5. Protective |ayer Best Mdde for Carrying Qut the

| nventi on The node of carrying out the present invention will be described
bel ow W t {Des@fpasiieadetlo drawi ngs. Figs. 1 and 2 show schematically the
Cross seclido al %tr ct u(rﬁée of Eﬁ node of carrying out wherein the magnetic
recor di ng nedF B EPAEEE T NE" pr esent invention is applied to a computer
hard di skl. Ahst dubsratsagneti ¢ recordi ng nmedi um 10 shown in Fig. | conprises a
base subsgrggngerilayerconsi sting of a discoidal nonmagnetic material, a

under |l ayer 2, an‘“internediate |layer 3, a magnetic |ayer 4 and a protective
| ayer 5 | anileermediatotpeeron the ot her. And the said magnetic |ayer 4 conprises
a Co | aye i.ncipal ly conposed of Co and a Pd | ayer 4b principally
conposed J(i)'f il?’aég‘ft%%rgt ed alternatively one on the other a nunber of tines
from the fet@ layghdeyen raipeipally camppsed of ke) magnetic  recordi ng nedi um havi ng
this Ki nd4pfpd35}rey§atywpnﬂ-ngi§a“§@ dsdBsgpgRl 1 ed "Co/ Pd mul tilayered mediunt in
the present specification. And the |am nated structure of the magnetic
recor di ng>nBHGHYEd?et he present node of carrying out shown in Fig. 1is

t he nost basic structure of nmagnetic recording nmediumrelated to the

pr esent hnvg@ti{)n, and therefore an internediate | ayer nay be provided as
requi red Best ledntor GarymgOutihpoyention, 1 and the nagnetic layer 4 as a part
of the whol eTigt hotzt afrc@rryihg) od@Cilé piegdny inSenit) KWAIC B désgrided \elow Wit ROsade &f a
fluoric I&urtgvrvvljncsant may obvi ously be added on the protective |layer 5. A
magneti c recordi ng medi um 10 having the basic structure of the magnetic
recordi ng meligurh amdeld sitoedschematibadly phe sosst sectivng ndmucire vif |a mbde dfesoyinped: bel ow

with furt Qﬁerreiﬁj ﬁ]te%zlgﬁeti\é’iréclardqn%fr%d%%la‘eﬁ tcE h)g 'pre]sent invention is applied to a computer
hard disk. And the magnetic recording medium 10 shown in Fig. 1 comprises a base substrate 1
consisting of a discoidal nonmagnetic material, a underlayer 2, an intermediate layer 3, a magnetic
layer 4 and a protective layer 5 laminated one on the other. And the said magnetic layer 4 comprises
a Co layer 4a principally composed of Co and a Pd layer 4b principally composed of Pd laminated
alternatively one on the other a number of times from the metal underlayer 2 side. The magnetic
recording medium having this kind of structure is sometimes called “Co/Pd multilayered medium” in
the present specification.

And the laminated structure of the magnetic recording medium of the present mode of carrying
out shown in Fig. | is the most basic structure of magnetic recording medium related to the present
invention, and therefore an intermediate layer may be provided as required between the base
substrate 1 and the magnetic layer 4 as a part of the whole structure. In addition, a lubricating layer
composed of a fluoric lubricant may obviously be added on the protective layer 5.

A magnetic recording medium 10 having the basic structure of the magnetic recording medium
related to the present invention will be described below with further details with reference to Fig, 1.
(Substrate)

As the base substrate 1 related to the present invention, for example, a base plate comprising
aluminum and its alloy or oxide, titanium and its alloy or oxide, or silicone, glass, carbon, ceramic,
plastic, resin and their compound the surface of which is coated with a nonmagnetic layer of a
heterogeneous material by sputtering, deposition, electroplating and other film forming methods may

be indicated.



(Substrate) As the base substrate 1 related to the present invention, for
exanpl e, a base plate conprising alumnumand its alloy or oxide, titanium
and its alloy or oxide, or silicone, glass, carbon, ceramc, plastic,

resin and their conpound the surface of which is coated with a nonmagnetic

| ayer of a heterogeneous material by sputtering, deposition,

el ectroplating and other filmform ng nethods may be indicated. 7 As for

t he shape of the base substrate 1 for use on disks, doughnut di scoi dal
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can beforfqe a spu erln%g%)r deposition nethod. It is principally
conposed Jf%4ff 24198 3’8?"1" LIRS and the one with a difference of

standard fumdedseaer gy AG or produ0| ng an oxide or a nitride of both
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ol ement s, w5 Al IR Wt 41had KaVBIepUal i ACLAGID SXAHES Bl g 20
such a st rlementsras roomemmaturg rrﬁoV@rldJ/agwlatO 2r Wi or merepsr wssd n’tndlthﬁﬁemai gains f thﬂa
crystal gﬁx?depa%exai x%laﬁﬁ Rah %%@es@h‘i‘ Qwérﬁt% at ‘é&?ﬂ%yedtphﬁcl&aﬁly ot @l elen%ﬁ;lqﬁl aq{?éh@ldar y

and noreover %sta structure wt orm crystal graln di aneter is
provi ded. valpudGiobthessawe plyrmenis, anshan glemant Vit laver saltm%@‘iftrayéﬂfdes erdrides pag 5
grains beg@ rtegrégatfea A tn@lcyysﬁﬂgtlatn HolndaRyCof ment.ﬁéﬂ[@stl Alfiel @ ¥eh aSsudbttre! MGhe

magnetic | a dé formed on the underlayer 2, and cr%stal gral ns hawgg
hi ghly i sBREHYEr %P%“E BTes<t PYERigR: eﬁnarcafstfﬂo%fﬂ*éum forarish gpdisolpigd by thy fatst
i nteracti @ﬂamqa‘ome:craiyysstnalmcggoaérrbsystats strucebUwila uﬂfotxheryaaggﬂﬂd;an{e&yesrpréwaaad it is

possible to realize a perpe etic recordin aV| alow
noi se and 8ut% éﬁHiS‘ﬁlgSt'g'ét(‘f‘t%r(git i U %&aﬁéggow r?&“&h%???fget E‘Irfregeltly gl i s
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under | ayereduced in the magnetic layer 4 and it is possible to reallze a perpendicular magnetlc recording

medium having a low noise and outstanding recording and reproducing characteristics.

And it is possible to change the underlayer 2 into a multilayered structure composed of a
number of layers laminated one on the other as required.

And when the difference of said AG°of the two elements composing principally the underlayer
2 is below 70 kJ/mol, the addition of an infinitely small amount of oxygen or nitrogen in the film
during film forming makes it difficult to transform the underlayer into a separated two-phase
structure and the effect of reducing the magnetic interaction among crystal grains of the magnetic
layer cannot be obtained.

As for the components of said underlayer 2, it is preferable to adopt more specifically any one
of B, Al, 8i, Ti, Zr, Hf, Ta, Mn, Mg, Ca, Be and Ce for an element of a lower value of AG°of the two
elements composing principally the underlayer 2, and any one of Cu, Zn, Nb, Mo, Tc, Ru, Rh, Pd,
Ag, Cd, In, Sn, Re, Os, Ir, Pt and Au for an element of a higher value of AG°mentioned above. As



2 is below 70 kJ/nol, the addition of an infinitely small amount of oxygen
or nitrogen in the film during filmformng nmakes it difficult to
transformthe underlayer into a separated two-phase structure and the
effect of reducing the magnetic interaction anong crystal grains of the
magnetic |ayer cannot be obtained. As for the conponents of said
underlayer 2, it is preferable to adopt nore specifically any one of B,
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AG'be 40 Wwgdarpyithperiemanit'Bo at % or below, and by liniting the same within
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di amet er Qlf below. When the film thickness is 0.5 nm or below, the growth of the crystal grains of the
underlayer 2 will be insufficient. In excess of 25 nm, on the other hand, the crystal grain diameter of
the underlayer 2 will become large and course resulting in an increase of the medium noise.
(Intermediate layer)

It is preferable that the intermediate layer 3 formed between the underlayer 2 and the magnetic
layer 4 be formed to accelerate the epitaxial growth of the magnetic layer, and be composed of a
metal film having a face centered cubic structure (fcc) or a hexagonal close-packed structure (hep).
The materials for composing this intermediate layer 3 is not specially limited. However, CoCr alloy,
CoCrRu alloy, Pd, Cu, Pt, Ru and the like may be mentioned.

It is preferable that the film thickness of the intermediate layer 3 be 0.5 nm or above and 10 nm
or below. When the film thickness is below 0.5 nm, the growth of the crystal grains in the film will

be insufficient. In excess of 10 nm, on the other hand, the crystal grain diameter of the magnetic
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undef | ay e{nte?acgo%socfme%%n% %&@1’ ha Leelns‘m issue. On the perpendicular recording medium related

with the present invention, however, due to the action of the underlayer 2 described above, it is

possible to enhance the magnetic isolation of crystal grains composing the magnetic layer 4 and to

reduce the magnetic interaction in the magnetic layer 4. And hence it is possible to obtain a

perpendicular recording medium having an outstanding recording and reproducing characteristic and

capable of addressing to a high recording density.

The present mode of carrying out describes the case of composing the magnetic layer 4 of a

multilayered Co/Pd film. In the perpendicular recording medium related with the present invention,

however, the magnetic layer 4 may be formed by using an alloy principally composed of Co and Cr.

In case a magnetic layer composed of the CoCr alloy is adopted, the action of the underlayer 2

enables to form a magnetic layer the crystal grains of which are fine and moreover highly isolated.

This leads to a reduction of the magnetic interaction among magnetic crystal grains and the

formation of a perpendicular recording medium having an outstanding noise characteristic.

The following is the description of the production process of the magnetic recording medium
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possi bl e to enhance the magnetic isolation of crystal grains conposing the
magnetic |layer 4 and to reduce the nagnetic interaction in the nmagnetic

| ayer 4. And hence it is possible to obtain a perpendicular recording
medi um havi ng an out standi ng recordi ng and reproduci ng characteristic and
capabl e of addressing to a high recording density, The present node of
carrying out describes the case of conposing the magnetic |ayer 4 of a
muttilayered Co/Pd film In the perpendicular recording nediumrelated with
the presen of i eosirRAon by NG WELring IldiodrBgNEti C | ayer 4 may be formed by
using an all oy. pr|n0|pally conposed of Co and Gr. In case a magnetic |ayer
conposed &Fugsiag mseedal | oy i s adopted, the action of the under | ayer 2

enables to fgg measpmgﬂgemeaod BohtutddCanChMSHAbE BE Rlehdd OF pBiGHE B fia eﬂ.e and
nor eover This |l eads to a reduction mp t he magne

oI a
i nteracti Ef"ﬁgrd ﬁl%t’ fliteds 4o, B yresgt dpvgationn fe trasfernpgs-hrae |56‘H‘36‘Pg E“"h"d
per pendi cwhétin trremﬁ filnng fammek Mmem&\ﬂaﬁgulitﬂaté)Uhﬁ{'ealﬂéfbﬁgheﬂﬂga%ﬁ ﬂﬂ%ﬁﬁ&-@ﬁd stic.

fecor ai ng b Re o 1655E vl PR Lebaby s eeB rrape Reparebrte

(Sputteri mgemnh@ﬂh))wﬂ\ssmhxeplsqautterl ng method constituting an exanple of the
present 1 nyents S AR RARE s frendy 3G B R Ul bR K8 R pefbl,
thin fil muidss fhorefreciadxpritieeous Her tbfeusredtsummfrr@g@tlb remmlms niwéfac;ut e lavhenst, avhigret , and

the stati gt ; ' r 1 ; e
Lhe bage kpEREsaliis Shidie TRl triIRNe oRbabdlridlhl tebordh Rebig iR 4
exanpl es. ouFﬁ@dmsF‘??Efdlllgraaﬁéqpé}dpmggcm:)ag@sgbgch@p o stetele Aegle pfsqu,mtqw e and

suitabl e §;ﬂfted?i§§;§m@ll%§)ﬂ%lhthd?ar\mth tﬁ@ﬁhbktﬁitet h%@@ﬂm&@dﬂa}mﬂg@@m pro@cirlg e
production of tic recording media at a | ow cost the latter

static- tyﬁ‘ﬂ%??‘g&l‘%ﬁ’e%ﬂﬂéﬂat W B8 Pregenh igelicR l%h@et%twt@%mfeﬁ@gmdu a
havi ng antypoaiidsicandé ﬂzgerecordl ng and reprodu0| ng characteristic because of
a stabl e angle of |nC|d nce utterin partlcle reI ign with
The. cubst r a DereeniE ReBTREenig Hetnat hobtpron Bruatcrns mceo | ¢
recor di ngsaﬁxﬁnﬂut&nﬁ@methbcaﬁ)eﬁmmg mcthVc@r(ms&ersasnbs&m‘e il hin filn ¢fQlie Undériayerd, t 0 t he
transferr St at i etic.rec rdl di 10
rel at ed lhg%tf{rh&ﬂﬁ gel'ni'{, 'Elal%n Egn?tlcq:ﬂ(ey R :{Jj're% p &3’ l dl%lon orﬁthe % ? E'ag;gnggh I},JJT]
sputteri n@méb)mdithf:omtechMyngS@m@célssthwel y on t he base substrate | thin
filmof the I 1 er 4
HﬂjﬁlE n@éﬁénc ecord‘i%oem e 16@‘9:51@1 t!) @%eé; d;ﬁlctr(}nhrﬁe §}el gr Se ﬁ%

(repeated | am nation of a er 4a an t he ayer

prot ect i vEoden) HTYRZGHES detec%as&?w Dysing a@q@eﬁtﬁg#@m@nﬂéé@mdwgyenédhmm 10

accor di NQbds® sifbbieatdd ! W%Ee@nn rﬂfﬁetm& Rfre tRGURHESS N anmeplﬁm@ benC&1dl okidago0uUt 1S
produced as. foll owgmrsnt ring Fer t he deposition of ﬁ under | ayer 2,

the base™IHFafiyg F%"‘?ﬂ"%‘% %EfldFﬁlFYP’r?e’r%l@ﬁ?féﬂh@? gndeﬁwa% H?*wds%vaén

and/ or ni fsy agestribalnbo@X piRaldy confposed IonSaIQf{ ot b IGhBIGERIcHeRO VRS is@Aftatdn e

under | ayefreezen(?ilé)? AEeror producglgtarh] ganengr%rrllt?iX of bot'h e?;m%ntlél I;]sdcia {felrea S and %w difference

of their AG®is set at 70 kJ/mol or above. Therefore, when the underlayer 2 is deposited by using a

film forming gas containing oxygen or nitrogen, an oxide or a nitride of elements having a relatively
small value AG®is formed in the underiayer 2, and moreover the oxide or nitride is disposed in the
boundary of crystal grains composed principally of an element having a relatively large value AG®
described above. For example, in the case of depositing on the underlayer composed of PdSi by
applying the sputtering method based on the use of Ar/O, gas, a phase principally composed of an
oxide of Si segregates around fine crystal grains principally composed of Pd. In the underlayer 2
thus deposited, crystal grains principally composed of an element having a higher value AG°are
highly isolated by the oxide or nitride of elements with a lower value AG®, and at the same time the
crystal grains become fine and their grain diameter distribution becomes uniform. Accordingly, the
crystal grains of the intermediate layer 3 and the magnetic layer 4 formed on this underlayer 2

become fine and uniformly distributed. Therefore, the magnetic interaction in the magnetic layer 4 is
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I's, as described above, principally conposed of an alloy of two kinds of

el emrents whose standard free energy AG for producing an oxide or a nitride
of both elenments is different, and the difference of their AGis set at 70
U nol or above. Therefore, when the underlayer 2 is deposited by using a
filmform ng gas containing oxygen or nitrogen, an oxide or a nitride of

el ements having a relatively small value AGis fornmed in the underlayer 2,
and noreover the oxide or nitride is disposed in the boundary of crystal
grai ns conposed prlnC|paIIy of an elenment having a relatively |arge val ue
AG  deschitigagd alddhramedmgy nosg dxfpluesd- i n the case of depositing on the

under | ayer Cmﬂﬁ%neérla?gsﬁ isD3eposRRPbY L, ;aﬂ?ﬁ&p%ﬁlﬁ' c&ﬁ&lﬁ]ﬁ’? %%e?@gr on the
use of Ar/02 gtﬂsﬁ n% @ principally con%ose of an oxide o

segr egat eBUSFPUIREERAINR 8 LF Yetert! crasing s updserysat-1he dipbeegcestvepmout af ¢ he
under | ayebxygen 6ﬁtﬁﬁog§1€&ﬁﬁdtlhﬁdcau€dﬂb&§g§h oghr'&bgb& t@ﬁispu;senalmeym@ﬂﬁaaﬁ&aﬁiye%r an

el ement havin r va | sol at t he OXI

nitride oFm%’Iegcn‘gﬁ ?feaf’ 1"8 U U‘%Plﬂ@r ﬂfg] reg"ﬂttsidn & %‘Fé“’é&?ﬁa of £ E‘H

crystal gUlrefarebiee pﬂﬂ‘&rafo]em&t aaa dxnbdmeoﬂox%ea lormitegaiedded bedtest \thirud ﬂaﬁ)g’t olﬁm:‘b nmes

uni form I.nal e ran I r 3 and

t he magne?m%)rla‘go‘éﬂ%ld %fooltamg '%1 W lél un Fﬁhe {/Darhﬂfres% r?‘émf“f 'ﬁa"ﬂ%iﬁﬂﬁ fornmy
di stri but e ga¥herefore, the rragnetl C interaction in the magnetic layer 4 is
emom + LAt Ol PREpkR AP LU RBIAS, e pheGAHGER N NIRD: G HEBBOLAYG o | &
deposi ted by usi n orm ng as cont al ni ng nitr rogen,
dependi ngurskriaybie?, tragx@piedhe %lcfmgﬁithqgmddnleyeuﬁ@em meqpheze cqmwgmm@qygqn@nd!otf
excessi VenaiRUMNy Qth aPSPSSR, Rls &kéﬂl@%@ﬂv&ﬂwﬁﬁﬁé@ﬁ tlﬁ%ﬁﬁ'ﬁyépﬁyﬂﬁ;‘b 9 wéH trogen
to disperse in the I nt er medr at e er or magnetic |layer ar bove

t he under MBRY8} off¥deeH adpr %m?%?“ttﬁé“ ethe crsiahgrrighoiothe éfgymediate faperyd and the

Ther ef or emagrktid ﬁayé}rﬁffﬁ-h@@'oﬂ thh@ahdeHiRr 2N ENesiMbIOXHAE BndOfo Hiblidi®ORRemegided be
kept within a_rang Torr or above and 6 x 10-2 Torr or below in

ternms of ECHEFM tﬁ? mb%”é%“s‘ﬁlfeé“ JtY is FYROSHIE Haessinft i Popgiblg o coptrg the gmeunt oy t he
gr oduct i Oﬁﬂsﬁfﬁﬁd’hﬁﬁio felsatedot tbe ﬁdﬂ&la@ér@ﬂ)@rtﬁe mmwamsma?f&hygzw?md wfrdgeh .éﬁdhll& ,
epOSItIO n e u erlia to expase the . surface naeri ayer
Lo on at wlahat Py bRt ks pLper 7 Sioeet g RelroRh o SERHES L €.
it is posmithd gctifab plodiweon precst by be sadhs telqmreuradefeloay:ﬁum Bralaeksdbphxdmggm\tm
amount Of c%nfhe rr%{enals chir%qz"ogl e v crlayer ayer e%xy]gOSt alg g%ag‘lr%s‘ln%gom%he

i nt er medi 4 e | ayér gne i r e erlayer 2
i nfinitesdihtibd o}fosmh brramemby@lamgm mmfy bemgpdet i c  interactions in the

magnetic | ay S ﬂﬁﬁ t he
anount of gédoélﬁtuﬁ%ﬁlg%h? org%ﬁg%tﬁhﬁ?egérg&gtf lﬁveﬁ{éénu#\%’e? Ph %lu% ﬁﬂg%gbjrt I al
pressur e lBmingiey gesongthel othert Hewryvar drtbe praductipnameghdd re}ateéwbélnrr@esenq@wemw t he

partial pPhegsiemRh n%%mh%mctwﬁgmn@@%émml BRPisthghe SUARSH Emay N t he
act ual productlon process may be sét as required at the optinum val ues

dependi ngPeliPeshed bYefPIPlVlﬁS thy deosipppemethadedescaibed abovepsthsywene Hhedeiiaye2 2 with
oxygen. %pasegas'dsle@exl fhnigted 5:0AN1ZIA Blm %e'd%bésﬁﬁn@faxﬂi%%ﬂmﬁfde of i pgRm by a
rare gas be  us t he under| related with the present

i nvention eraé]rmElF g)éiA & rwgﬂyftgzl g{:ﬂm}/ wggg&:a&ly composed of an element with a higher

value AG°(Pd) at least in the PdSi film can bring about the effect reducing the magnetic interaction

of the magnetic layer 4. It is needless to say in this regard that said deposition method may be
applied to the NiZr film disposed below said PdSi film (on the side of the base substrate).

Or, it is possible to use a mixed gas obtained by adding oxygen and/or nitrogen to Ar or other
rare gas for depositing the magnetic layer 4 and to reduce thereby the magnetic interaction of the
magnetic layer 4. This method which leads to the adsorption of oxygen or nitrogen within the
magnetic layer 4 sometimes causes the crystallinity and the coercive force of the magnetic layer 4 to
decline. Therefore, when oxygen or nitrogen is to be added to the film forming gas of the magnetic
layer 4, it is preferable that its contents be contained within a range of 10°® Torr or above and 6 x 107
Torr or below in terms of the partial pressure of a mixed gas with Ar or rare gas.

(Embodiments)
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| am nat ed one on the other. However, in the production nethod related with
the present invention, the layer fornmed nearest to the nagnetic |ayer 4
anong the | ayers conposing the underlayer 2 may be deposited by applying
t he deposition nethod described above. In other words, if the underlayer 2
conprises a PdSi layer lamnated on a NiZr film the disposition of an
oxide or nitride of an elenent wth a small value AG (Si) around crystal
grains principally conposed of an elenent with a higher value AG (Pd) at
|l east in the PdSi filmcan bring about the effect reducing the magnetic

i nteracti on Thefpreshie invangive ik bd deymibeddin mote dewilvhystibess emtmdmeytsi Howehirsthe egar d

t hat sai dpl@?aﬁﬂﬁ%%&rl Whpﬂgd tg?r}é %de’IRQAté ed to the NiZr filmdisposed bel ow

sai d PdSi m (on t he si ase substrate). O, it is possible to
use a m x&émbgdisenid ai ned by addi ng oxygen and/or nitrogen to Ar or other

rare gas for Indﬁpgl%be%{ agbddm?enm%weﬁdléuﬁy %coém@%d‘a%&@?ﬂﬁ&e& lﬂﬁcfe? b%lo{lg]e

magneti c interaction of magnetic layer 4. This nmethod which [eads to
t he adsorﬁ‘tf\dtﬁlﬁﬂso@déb@fg@gn%lﬁ chircicagshWok eYMuatedhe  magnetic | ayer 4 sonetines

causes the cpyst éi«!;dtdll'fﬂe& )gtaéﬁgas& Q@osﬁﬂ@facbe\é@ lafy@ff Eilﬁdé?lfa efr)h&) &B%f'rﬁzh@w 410
decl i ne, Therefore, oxygen or nit enis to ead ed to the film

form ng gé@"%‘led=taﬁ‘éafi‘fé©%’°cp%“‘" A hpeprape Of ialdi NiZntead layesiip e preephetesa Bbhbent s be
cont ai ned (iukAdaiiBe aayr:an@ﬂa Ofilml PrickneFOB1 5 ai, APCOBR; @M thickhest00.2 nm} @1Pd (Bkin bel ow

in ternms Qf the part of a mxed gas with Ar or rare gas.
(Enbodi mete&§ess o Fhblop raliic MBS BT F B SHUSE N BRI RO i 1 5 by
showi ng eﬁhaadmmntiams:lel@mv&h thé bter By ﬁﬁe@lptltteinﬁg/&mﬂomno Ipgoda@t a lpetprdedlat O

t hese enbodl nt s In.the ent

per pendi clff% a 5318%“"% hy OF“J(QEE t\‘f\@%t Sﬁlrdo[?fﬁg qu?’eé%omd #‘1‘8‘“’1‘“ 5, and
t heir nmagtheCoB layhramdimt@dﬂ@erlmlmatbreleMimednmem a crystallized gl ass base

substrate. ausEed-Lav hudiildet! QUEr yepgRactngl META0uIaT, dangaihed. and

after an exposur e sur ce O Sal 0} m)sphere
a Pd basethickiess eff thesteditager|imy eange oif It tm a 10 mmnmthmmgl@n@slbomerﬁ withent any fe@€B15

(filmt h' srchtLa'e E&{E thé ddp gslt(Jn J{)H}nﬁl? bpthgﬁlﬁ tlclrefﬂ%le%%Q H&E& fn tll‘lé I'm

(magnetic Fayer brotective prot ect | successi vel y
deposi tedP@We‘WO@IWém@teWéfﬂubysthe sputtering nmethod to produce a

per pendi cul afp,e tragsgﬁmufw CFE%QH&I&H\ gldss ba'ammétpheb%mts%h 1£ﬂa(ﬁ1ﬁ%1&ne@gﬂem c film
|sarrultlla>/ered yer and Pd | ayer are

al t er nati $BIAP Ibé’rﬁ(ﬂlé‘t @Hk’ﬁ)ﬁ tsinﬁéf COPH (fflﬁ‘éh b‘?‘é%*e(h? “%W&dﬂ‘i‘hﬁli’&k“eés 116’3%120 of six
di f f er ent mgaied mﬁ]/\aqfr&e@lwduq(ﬂdnm%kﬁégalgmmg the thickness of the seed

layer inar nm i ncl udi ng an enbodi rent w thout any seed
| ayer. The s??’g’éfaﬂ‘feeojfé}ﬁg’]aieﬁébsﬂgﬁdg‘?’? e‘ﬂi‘ﬂe‘%‘%ﬁdl tions of the magnetic
recordi ng ﬁEdthar@ﬁ@dM@l&dlmemfHé’pesmr[gftﬁﬂ“@lﬂtse&lT]hﬁd‘iSli’fﬂhﬂ‘ are as follows: The
basi c struct

(filmthi ckng’%ssp“"s&}“ a%‘ “”H’r%? 9‘7"%%5‘3’%65 e & gl%rat en"efs“g‘l‘ %@“49"55 ° d[ logéizrs

(filmthicknasdas énipanange samplels, (pfenpi:mhctllar mkcndaag media ofrjhé Aentical structure as the
one described above were produced with exceptions that an ITO seed layer was used for the
underlayer 2 and that the film thickness was varied within a range of 1 — 5 nm.

The results of evaluation of the magnetic characteristics of the magnetic recording media
produced as described above are shown in Figs. 2 and 3. Fig. 2 shows the result of measurement of
coercive force He, and Fig. 3 shows the result of measurement of anisotropic magnetic field Hk.

To begin with, as shown in Fig. 2 graph, it was confirmed that the coercive force Hc of the
perpendicular recording media having the structure of the present invention by adopting the NiZry,
seed layer improved by approximately 600 — 1,500 Oe¢ as compared with the media having the
conventional ITO seed layer. And it was confirmed that Hc improved by approximately 2k Oe in
comparison with media without any seed layer.

While the NiZry seed layer was exposed to the atmosphere after its deposition had been
completed in the present Embodiment, the exposure of the NiZry seed layer to a mixed gas

containing oxygen or nitrogen resulted in an equivalent coercive force.
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magnetic film/ C protective film (filmthickness: 6 nn) Tenperature of the
base substrate: roomtenperature Gas pressure at the tine of depositing the
Ni Zr seed |l ayer: SnmTorr Gas pressure at the tine of depositing the Pd base
and the magnetic film 60nTorr And as conparative sanples, perpendicul ar
recording nedia of the identical structure as the one described above were
produced with exceptions that an I TO seed | ayer was used for the

underl ayer 2 and that the filmthickness was varied within a range of I - 5
nm The results_of evaluation of the magnetic characteristics of the

magneti c recbid? Kg Frttishovips be densticas o dscpisppic apngnesic dield Hinefibe medim gs. 2

and 3. Fign ti t6io0i& dfhee fees uhlr A HHERARW SIRE thOfik vAREERW & dbRfiee 1k at and
Fig. 3 shows the r&i%t of meas| rement of g I sotropic maﬂgetlc field Hk. To

begi n wi t APPrg&masly fiITEEPRy NS o fhg presence. thickness GAY MptsRd of FRstseqdHavee Bt ve
force He diis fahigit isposspentiagihehat A g tiraae of By dutGo t QsSIIANBF &eOf the

resent ven i on e N Zr4o .seed.| ayer roved
P onr ot b Be, 0Bt B ubE 5l TR scd e oL R b oRS g figd of
convent i oxel malgire:ﬁc slaed bhiayy év attribmablé to welsreagnini tharedgritiainterietiomphang edystay

appr oxi ma nparison with nmedia w thout any seed |ayer. Wile
the N Zr4g'%l§:%éczlﬁﬁ fél%t' gpexposed to the atnosphere after its deposition

had been coApd dreadoductionte Ipilesenthe Eodownndascrbed h@ve)oppmidlcolﬁr ltemdmt Zr 40
seed | ayep, konaidd X8 975 of §i éﬁ%.:.?brni 5'33.&1 193 9?1@15 Q{t]ms srte"aﬁ’gfeéaldrsgéi 1Er an

equi val ent coerclrve %orce 1S a oW ng the nce of
t he ani soidops evalpaigment itheirfriaghetic Hkmwenstwe fﬁh‘é%ﬁdt}hﬂt ﬂvrinftdllﬂeha%’ﬁg @%h@'sthe #kd t he

seed | ayelyy eré&o(v@d S frlpBHERent BOWSIeiv hﬁce‘?‘]‘f sYRbL6r HOAVR c@m;%ﬁ%twﬁ&tthé Rvel at
appr oxi mat eI kCe i rrespect I ve of resence, thickness and materi al

of the seéﬁlqga@@rseed#%m andihedr Higralue waﬁ C?f§ apgaespestiee efgheresqpre anf thickngss

i Nncr ease bnh(;g@amfgrue of He due to the use of the N Zr seed Iayer shown in
Fig. 2 isl$ t attr butable to an increased strength of the anisotropic
magnetic f 08‘“’8?2 the magnetic layer, but it is attributable to a decrease
in the nmagnetThe, isthe ERbsdinent 2MONg cyktylfited| glasgbaé Bubstrate, taheednla@natxﬁeﬂalyayer

And t he productl f.ol | pw the d| tio descri bed
per pendi c T HY SerCl ec’gg]%i)i%ﬁ‘ﬁ"g ?rgl(ﬁ‘? ngh%f\sﬁ %g (S ESE Qﬁa lé?omc?f) Seﬁloggabls’o'ﬂ unger]aéer)seed
| ayer O Mith® KiwtBickmss @achnoh negietic ﬁlee(dlagrayelayan)‘cotﬂp@ed o0 dB1; liftmabigknest | on of

their | ayg?gﬁg hﬁ{'\g{ d{'{‘ &néﬁtl' rﬁ-@r}éevc%ﬁ')l gro [DRE i r&?&bgkp%%%g}%gﬁg%mg fy the

seed ht O oercilve . or Ce 0 ove in
conpar i sodeppkiteth opgen Hrlecﬂhar tohmdunfga pa@ndicdar recopdingsmedivrg In rodiier wp#ds,valtfuee was

const ant E&B%%R&?ta %r%en%cutapﬁec&ﬁﬁ%ﬁa@&ﬁn%Qﬁngt:l‘do%lg?a%&ed defl Qseh e -

( Embodi nent I ment 2, on a crystallized g ss base
subst r at eNiZ sesd dgenang e PIYi seed &pveraype producednposed of N Zr having a film

t hi ckness of 2R FiboditeSEL Plutaffet s&RRORRApBiucRWidgBut R0k l0AY Sided gas
Ar/Q; as film forming gas and varying the flow rate of O; gas in the film forming gas in the
deposition process of the PdSi seed layer and the magnetic layer. The flow rate of the Ar gas was set
constant at 110 scem irrespective of whether O, was added or not. The structure and the deposition
conditions of the magnetic recording media produced in this Embodiment are as follows:

The basic structure: Crystallized glass base substrate / NiZry, seed layer (film thickness: 2.5
nm) / PdSi; seed layer (film thickness: 5 nm) / [CoB,s (film thickness: 0.2 nm) / Pd (film thickness:
1 nm} ]zp magnetic film / C protective film (film thickness: 6 nm)

Temperature of the base substrate: room temperature

Gas pressure at the time of depositing the NiZr seed layer: SmTorr

Gas pressure at the time of depositing the PdSi seed layer and the magnetic film: 60mTorr

The results of evaluation of the magnetic characteristics of the magnetic recording media
produced as described above are shown from Figs. 4 to 6. Fig. 4 shows the dependence of a
squareness ratio o of the media obtained as described above on the flow rate of O, gas, Fig. 5 shows

the result of measurement of the coercive force He of the same, and Fig. 6 shows the result of
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with a filmthickness of 5 nm a magnetic film (magnetic |ayer) conposed of
[CoBjs (filmthickness: 0.2 rim / Pd (filmthickness: | nm 120, a carbon
protective film (protective |layer) were successively deposited one on the
ot her to produce a perpendicular recording nedium In other words, in this
Enbodi ment, a perpendi cul ar recordi ng nedi um havi ng a doubl e-1 ayer ed
under | ayer conposed of a N Zr seed |ayer and a PdSi seed | ayer was
produced. In this Enmbodinment, a plurality of sanples were produced using

pure Ar g asglremgm ﬁgg‘}%ﬁﬁ’t é%ggct%?dﬁl'ccl) S%mm ng gas and varying the flow
I'n

rate O O as int deposition process of the
PdSi seed Ia?bﬁrmmtﬂmtewéthna@wetlimwawesﬁ ratif lxeofftheqyultilayeeed ¢E€oB Pd) flm gakimwas set

const ant ﬁﬁwdg 2LENSSE G LU ERRRGE g%%ytfgatd;{%r Q&e o@atg'@,@ch el Jracn&he

structure an t he dep03|t|on conditions o netic I‘EC I Ng nedi a
produced PROREhMEETEHD FAYSHE rTaisy A Shav it e $he tass camishest goestondusly

Crystalli rgtmae @ﬁﬁ% a.sm%t:o d irMpédiidQofSaRfher @5d@(ﬁi|tﬁ@ﬁ1 2.5
rem / Pdé see t m %fclgﬁygsg : r’r)e B 5 I%ntaﬁpﬁﬁiess

0.2 nm /°© taﬂe I%ﬁdf’ lt*}?é’é@w segd lﬁtfﬁ)anft%afﬁ%l@riwhf fltwﬂ?]W/rateOB%lﬁé%}@t%/e film

(filmthi ekmesproxfnatdly. 3Ieraa§zmaetmhrgﬁm@tte of fhe aaaaedakea&a&@tp@mxrnﬁwmi (Ffmﬁr ature
Gas press eat the tinme o E%)(ﬁtlngthe Ni Zr seed |ay
Y1 14

m
pressure 315 Prle ARSI 10p 08 Opfsthe magngtip érr"ratﬁedp‘ﬁlu'é ?Fad??’ért ic
film 60nitamsds (Emmghdes iltdratiafs agvad dgtal aRinofo diriilﬁtsmﬁgﬂﬁihhl@r characteristics of

Lhe MRONet | ¢ AREAQL Hy"RplREE of BLOGUESE (5. HeSE B AP NG 3 Fie 3 Ul " O
Figs. 4 to 6. £ Shows F ndence of "a squareness ra 34 8% the
medi a obt addied Ofisxyd@ws wbiett!t catmb@ Wﬂlert BGgis ﬁddoworﬂaEt ﬁm@m&m grador afdempsition shows

the resul {, as vellfi a X o c ig. 6
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He val ue Ppatil; Seed Qier isteay gtfeytiviePand that, when O, is added to the magnetic layer, a control of the

amount of O, added to an adequate range produces a meaningful result.

And then, the media were subjected to sectional TEM observations in order to clarify the effect
of adding O, to the PdSi g seed layer of the Embodiment. As a result, it was found that the PdSi;g
underlayer which should essentially be amorphous has been crystallized. And it was also found that
the crystal grains of this PdSi;g seed layer have developed a Si-poor PdSi phase, and that the crystal
grain boundary has developed an amorphous phase composed principally of Si0,.

From this fact, it was confirmed that the addition of O, to the PdSi;s seed layer caused Si
having a small atomic radius and a high affinity with oxygen to segregate easily in the crystal grain
boundary, and as a result the crystal grain boundary around the crystal grains principally composed
of Pd which is an element having a higher value AG°will be principally composed of an oxide of Si

which is an element having a lower value AG®°composing the underlayer related to the present
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1.0 kCe. Then, anisotropic nmagnetic field Hk shown in Fig. 6, |like said
coercive force He, hardly changes as a result of the addition O 02 for
the formation of the PdSils seed |layer. On the other hand, at the tine of
addition O 02 for the formation of the nmagnetic |ayer, when the flow rate
O 02 is set at 2.0 sccm Hk value falls down sharply. These facts suggest
that the addition of an excessive anbunt O 02 to the magnetic | ayer causes
the ani sotropic magnetic field Hk of the nagnetic |ayer (in other words,
potential power for the <coercive force of magnetic materials) to decrease
subst ant i &' and as a result the coercive force of the nedi um decreases
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drive which is a magnetic recording apparatus related to the present invention, and Fig, 8 is a plane

view of the magnetic recording apparatus shown in Fig, 7. In Figs. 7 and 8, 50 represents a magnetic

head, 70 a hard disk drive, 71 a housing, 72 a magnetic recording medium, 73 a spacer, 79 a swing

arm, and 78 a suspension. The hard disk drive 70 related to the present mode of carrying out mounts

said magnetic recording medium of the present invention.

The hard disk drive 70 is externally constituted by the rectangular housing 71 having an inner
space for housing the discoidal magnetic recording media 72, the magnetic head 50 and other
elements. This housing 71 contains inside a plurality of magnetic recording media 72 skewered
alternatively with spacers 73 on a spindle 74. And the housing 71 contains a bearing (not shown) for
the spindle 74, and on the outside of the housing 71 there is a motor 75 for rotating the spindle 74.
By this structure, all the perpendicular recording media 72 are kept rotatively around the spindle 74
all being bundled together while leaving intervals with spacers 73 for allowing the approach of

magnetic heads 50.
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Incidentally, the DC magnetron sputtering nmethod was used to formvarious

| ayers conposing the nmediumin said Enbodi nent. However, it is needless to
say that the RF sputtering nethod, the |[|aser deposition nmethod, the ion
beam filmformng nethod and other filmform ng nethods can be used. As
for the sputtering gas for form ng the nagnetic |ayer, krypton Kr and xenon
Xe having a greater valence than Ar are preferable. The use of these gases
i npedes the possibility of mxi ng bet ween | ayers of the nultilayered Co/Pd
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high-speed hard disk drive 70 with a large capacity.

Incidentally, the hard disk drive 70 described above with reference to Figs. 7 and 8 show only
an example of magnetic recording apparatuses, and the number of magnetic recording media
mounted on the magnetic recording apparatus may be any optional number of one or more, and the
number of magnetic heads mounted may be any optional number of one or more. And the shape and
the driving system of the swing arm 79 are not limited to those shown on the figure, and the linear

driving system and any other systems may obviously be adopted.

Industrial Applicability

As described above in details, the perpendicular recording medium of the present invention is
characterized in that said underlayer comprises an alloy principally composed of two kinds of
elements, the difference of standard free energy AG°for forming an oxide or a nitride at room

temperature of said both elements is set at 70 kJ/Mol [O, or N;] or above, the crystal grains
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of the swng arm79, and therefore the magnetic head 50 can nove to any
position on the magnetic recording nmedium 72. The hard disk drive 70 of
the structure described above can wite desired magnetic information on a
magneti c recording medium 72 by rotating the magnetic recordi ng nedium 72,
by noving the swing arm 79 and by causing the magnetic field generated by
this nmagnetic head 50 act on the ferromagnetic netal |ayer conposing the
magnetic recording medium 72. It also can read magnetic information by
noving the swing arm 79 and the magnetic head 50 to an optional position on
t he nagn&?'ﬁsttf"‘rf\%éa? a?%ga)fﬁ{elapw%y QTROL5§ otrvrekaentigvipshighes KalireAtugRes i
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hi gh- speed h@n the dthskhadd, Ithﬁenr(imctmm’mthad tebateg avith sipapedstny invémion ceniriadslaystep the hard
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xanpl ¢ of g AEARHREE PR Bl e RERRSR L S oriimnt a0 61
recor di ngren@dhnamamummé)dn@m 10111 e;alﬂrm@cré*bchheem piiomynapphunderservapprises any
optional QuUITBEFoRfh Mefle SO Fiurid® W ot MGist awm@ ,ﬁmr@%wn{eﬁts fmﬂgg nted
may be any op tlonaF mber of one or more. And the shape I Vi ng
syst em of cqnﬁéutm ﬂpﬁgunafzrﬂamer?g theruadslgyer| Bynjucle @ progess.Hbis é’°§§l’§’éﬁm p@qﬁiuqu@sw iggur e,
and the | icul £ de o 9
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per pendi cBREFITI&EHIE Flﬁ%j* ar‘i’éél?‘u‘f?P’iS‘f"gtanbfeHP%@ﬁﬁhaif%‘ﬁFéﬁtcf R optgtandingar act er i zed
in that said underlayer conprises an alloy principally conposed of two
kinds of elenents, the difference of standard free energy AG for forrning
an oxide or a nitride at room tenperature of said both elenents is set at
70 U Mol [02 or N21 or above, the crystal grains 17 constituting said
underl ayer is principally conposed of an el enent having a hi gher val ue

i Ganobng said two elenents, and the crystal grain boundary of said

underl ayer is principally conposed of an oxide or a nitride of elenents
having a | ower value AG. For all these facts, it is possible to obtain a
hi gh coercive force, to reduce the nmagnetic interactions anong crysta
grains in the nagnetic layer and therefore to record and reproduce
information at a high recording density. On the other hand, the production
method related with the present invention conprises a step of formng the
under | ayer on a nonnagneti c base substrate and a step of formng the
magnetic | ayer for recording magnetic information on said underlayer. The
step of form ng said underlayer conprises a step of formng an oxide or a
nitride of at |east one kind or nore of el enments anong those
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constituting the underlayer in the underlayer. By such a process, it is
possible to produce easily a perpendicul ar recordi ng nmedi um wherein the
magneti c interactions anong crystal grains in said magnetic |layer are
smal | and yet recording and reproduci ng characteristics are outstanding. 18
Claims 1. A perpendicular recording nedi um conprising a nonmagneti c base
substrate, an underlayer forned directly or indirectly on said nonnmagnetic
base substrate, and a magnetic layer formed on said underlayer for
recordi ng magnetic information, mherqu @Jd under | ayer conprises an all oy
principally conposed of two ki nds of enents the difference of standard
free energy AG or producing an oxide or a n|tr|de of said both elenents at

room tenperag %Er%eddﬁ:uﬁﬁ?ec&ﬁmg Qne'ﬁiu(nr@)lmphggg Qﬁlo&@gnafc lﬁ@éﬁ%stratehgn Eﬁl'

hde
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havi ng a %@cha?ru@dlm&f Onsﬁrddmwegnéql%mwmam@dm@aww@w foymed en
boundary @a‘ldﬁﬂbxﬁhy&ﬁﬁl&édo&ﬂ@rmdgsetiaﬁﬂf&ﬁiaﬁ@ﬂ wWier&@MPoOsed of an oxide or a

nitride of |d 48 ement havi ng | ower val ue Al e per pendi cul ar
recordi ng rréi’f ’fé‘ifr HrRGSE a“cFIE’P'nETCIPWe?‘E‘?Pﬁ“fCrh@ZB‘PeWé?ﬁ oh SlFmergs: #hg ower

val ue ACcdiffe@ndead sﬂaﬂiﬂaﬁﬂﬁrnﬁ edtrghe hGayeroduSing Bl oXideoraf nifdide M saidHoth e;l-émenﬁrat Hf )
Ta, M, omct:an‘l erBa?ure ad,, 39'-6 J;:}no '@1 1‘35 E%gdl cul ar recording nedi um according
CTWRer el N t 8F Ve P8t s

to claim he co having a | ower val ue
AGcont ai ned thencrgsgil @raumctemslualyw swdsmitlerlaarex%r@pﬁmb@ﬂpc@mﬁs&ﬂ&f&le%ems hivédgoav. 4.

The per peglgileq%lgg Aé%??a[}cﬂw%%leﬂ%% ypyaccording to claim?2, wherein the

contents o | enment's aving a l'ower value ACcontained in said underl ayer
is 20 at % orthenystabgraindobiantofsant ungerdlayey.is BinciPhily qompesedh of audxide or eoitiddiohg

medi um ac ed i gagmggyo“gp%hgfa@d aims 1 through 4, wherein the el enent
havi ng a h| g[_?]er val ue ACcontained in said underlayer is any one of Cu, Zn,

Nb, Mb, T, IhRperpqeiculpieconting mygunt gecording to qlm 1ggheérgip theplemgpichayipg a werhe

per pendi cwias AGR6R4iSidNg s AhddMyaCiE Qxliyddnggf BOAK kairnze Hivhe Mal Mgt O£ Be@nd ent s
of el emsn;ﬁl havi ng a hi gher val ue i Gcont ai ned in said underl ayer is 10 at%
d

or above 90 at% or below. 7. The perpendicul ar recordi ng nmedi um

accor di ng3t dhe Ipa‘bémﬁu]al\l\hafrﬁhg] rrte.lnemcaem(ﬂmgtﬁ otdim @] ef@eit She varehid Gf alehibgher

val ue ACcont ai ed | nder. at % or

ol o & PR adSter Ul B ot Mol B Pindbductih Mol RE RIS T o0 M G 06RY ot ol ai
1 through47 Thvaep@ldmultalhecortﬁmg meditvin ckovebi ©fclaai2d whereie rtheagodtents ©f Blefertam or
above a”dea’vg\g e?Calpe%?%m‘%n#g?alcP&%Pr?agéi'ls%'ai’% of a%‘c‘s?er ﬂhg&at@e‘ﬂw%accord' ng

to any on er between
sai d undep @epermﬂdlcmlhrerecmgmrmdtum agﬁeqdmmem e 0§da1dw|lrthreugie4iwdmemlt@er has

a face Cemerﬁén@qa&{ébi }ﬁg}ﬁ; et AGRoddifdin §id ﬁldpx%g'gg) 5‘1@] ont |OP§§ ﬂla%elqo Te,
structur eng R(ilp d, Ag, Cd, In, Sn, Re, Os, Ir, Pt and Au.
6. The perpendicular recording medium according to claim 5, wherein the contents of elements
having a higher value AG°contained in said underlayer is 10 at% or above and 90 at% or below.
7. The perpendicular recording medium according to claim 5, wherein the contents of elements
having a higher value AG°contained in said underlayer is 40 at% or above and 80 at% or below.
8. The perpendicular recording medium according to any one of claims 1 through 7, wherein the
film thickness of said underlayer is 0.5 nm or above and 25 nm or below.
9. The perpendicular recording medium according to any one of claims 1 through 8 comprising an
intermediate layer between said underlayer and the magnetic layer wherein,
said intermediate layer has a face centered cubic structure (fcc) or a hexagonal close-packed
structure (hcp).
10. The perpendicular recording medium according to claim 9, wherein the film thickness of said
intermediate layer is 0.5 nm or above and 10 nm or below.
11. The perpendicular recording medium according to any one of claims 1 through 10 ,wherein said

magnetic layer comprises an alloy principally composed of Co and Cr.
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10. The perpendi cul ar recordi ng nmedi um according to claim9, wherein the
filmthickness of said internediate layer is 0.5 nmor above and 10 rim or
bel ow. 11. The perpendi cul ar recordi ng nmedi um according to any one of
claims 1 through 10 wherein said nagnetic |ayer conprises an all oy
principally conposed of Co and Cr. 19 12. The perpendicul ar recording

medi um according to any one of clains 1 through 10 wherein said nmagnetic

| ayer is a nultilayered filmconprising |layers principally conposed of Co

and | ayer C osed of Pd.alternati d.one on the
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underlayer. 15. The nmethod of producing perpendlcular recordi ng nedi a
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conprise t el ements of which the difference of standard free energy AG
for fornlﬁﬁogﬂ oxide or a nitride in roomtenperature is 70 kJ/nol [02 or
N2] or abovean d6dcTdven meidhod aoikasppmediind ofgelgpenpendore wlearents emangrihe glemeds a

according c;n% ﬁhﬁggh#rrl]a@er lg‘§r a}t\g]iglrli%:fi h thg‘qulemr i £arH sge%uo% gﬁmcﬁg B}e%htﬁgrl&%e oxygen

or mtrogen dep OSTEr, ng sal parti al
pressure &f dkameshpdpf pmﬁltcmgg)errnendwumxedsrqhng mﬁlamcmrq’lw Qabmbdﬁ wlgerqm 6 T orr or

above and 6 Y4 L}lger}%yé';gghlprggs alil%h%rmé-lz:ﬂl I&ﬁpd@tcn b 1BfdsRE Qg‘l‘f&l’tsnﬁd

per pendi cul ar ‘recordi ng nmedi a accord to any one of claim14 thr ough 16

wherein a fi 4 tfoavrﬁ%ﬁmf:gtsga@%ﬁ’wailﬁmﬂ@ ¥higle the ditferspeerad glandarddfreg sesgey 401 he

step of  eRRASInE bNGki®AIrd nmn@hbﬁténﬁﬁéﬁﬁmxﬁ V(ﬁkjﬂﬁdllﬂ)zadrmr&%@d%e of oxygen or
nitrogen in sal%gé1 m form ng gas  bein above and X 10-2

Ton: or bif owhe é’f%?‘%'&?'??f’d’ﬁ%dﬁeli%}?é nﬁ@ﬁa&cﬁmﬂm alﬁmr b‘*c‘arlap‘w&%d. a

accor di nga fin &ming @9@ @htabingioRyghd or hilk6g@H Husdd/in QARG cﬁldagmangimmﬂéﬂa@eeposu ng
the surfage of .said

e ogen: B pape RS s el i ol Pulrers b B aLp R

produci ngl@efopantitlenl ar recor di ng nedi a accor di ng to claim 15 or 16 wherein

an all % o, W%@th&{ﬁf &O@EQ éﬁ‘erk}gk ﬁf&gec&@e anglﬁécé%%‘ﬁ Sadgy%n@% Sl '¥s ONE Of

B, A, Si, as an a o%/
conposi ngthg;calg]@] 16y n@])eqreh@_y@fftlm forming gas containing oxygen or nitrogen is used in the step o

depositing said magnetic layer, the partial pressure of oxygen or nitrogen in said film forming gas
being 10 Torr or above and 6 x 10 Torr or below.

18. The method of producing perpendicular recording media according to any one of claim 14
through 17 comprising a step of exposing the surface of said underlayer to the atmosphere
containing oxygen or nmtrogen after the deposition of said underlayer.

19. The method of producing perpendicular recording media according to claim 15 or 16 ,wherein
an alloy of which the element with and having a lower value AG®is any one of B, Al, Si, Ti, Zr, Hf,
Ta, Mn, Mg, Ca, Be and Ce is used as an alloy composing said underlayer.

20. The method of producing perpendicular recording media according to claim 17 wherein the
contents of the element having a lower value AG°and contained in said alloy is 10 at% or above and
90 at% or below.

21. The method of producing perpendicular recording media according to claim 17, wherein the
contents of the element having a lower value AG®and contained in said alloy is 20 at% or above and

60 at% or below.
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20. The nethod of produci ng perpendicul ar recordi ng nedia according to
claim17 wherein the contents of the elenent having a | ower val ue AGand
contained in said alloy is 10 at% or above and 90 at% or below. 21. The
met hod of produci ng perpendi cul ar recording nedia according to claim 17,
wherein the contents of the elenment having a | ower val ue AGand cont ai ned
insaid alloy is 20 at% or above and 60 at% or below. 20 22. The nethod of
produci ng perpendi cul ar recordi ng nmedia according to any one of claim 15

t hr ough 1%2 mhereln an alloy of which the el enent mnth a hlgher value AGis
any one o ezﬁ:thomﬁf pro%mg—l-@rpepgjculqgﬁecoqﬂa]g [IEdla 3egpr 1pgqto agy onRg cegl Pt
anddAU_ i smmgdlaghaana;ul@y oCORFOHE ﬂgxé@awm]amggevdh&ym%si ﬁ?one-{g@uvﬂﬁi, Ne,d of ]
pr oduci ng, pe n r. rego [ rding to clajm19, wherejn the
Pont ent o Y- ThabeREnfhien GiTagSh ket Bhoh 1 h0aditlset ds G A shatpors e g

all oy is dfdeddyer 0 or above and 90 at%or bel ow, 24. The nethod of

pr oduci ng,perpend|,cul recordln ccor din wher |n t he
ont ent o B e Mgt R o SR e isPorB e Bedihistatifbelt Bl Ly iR el

alloy is z‘.kfnteatts 96 tbe elaimvlanaugd hxgﬁ& valmﬁ/oaﬁ‘rf’anbed)rmmd%sald/hlluﬁgrh@hti’/mrlabcwemdi ng
appar at us, M;&%“ﬂg a perpendi cul ar recordi ng nmedi um according to any one

of cl ains throu 13, a driving part for driving said perpendicul ar
r ecor di ng24redihg methaﬁ df pradustng wetptralichianttedrding medio patpnding dm dlaime i, odiercin e

magneti c iR BRhd aanenm%rng A gﬁé’rlvqlum@%h 'c&m%a% safdeaﬁ9§1g§0 A9hr GERE aguces
magnetl C I§_Ongt9ro?l?etl(l) on on an from sai d per pen I cul ar recordi ng medi umin
nmotion. 2 0 W,

25. A magnetic recording apparatus comprising a perpendicular recording medium according to
any one of claims 1 through 13, a driving part for driving said perpendicular recording medium, and
a magnetic head for recording and reproducing magnetic information, wherein said magnetic head
records and reproduces magnetic information on and from said perpendicular recording medium in

motion,
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