PERPENDI CULAR MAGNETI C RECORDI NG MEDI A AND

PERPENDI CULAR MAGNETI C RECORDI NG APPARATUS BACKGROUND
OF THE INVENTION 1. Field of the Invention [0001]

Thi s invention rel ates to perpendi cul ar magnetic
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per pendi cul ar nagnetlc recordlng apparatus conpri sing
such perpendi cul ar magneti c recordi ng nedia. 2.
Description of the Related Art [0002] Perpendi cul ar
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2. Description of the Related Art
[0002] Perpendicular magnetic recording media generally has

a structure in which a substrate, backing layer, seed layer,
intermediate layer, magnetic layer, and protective layer are
deposited in order. Given such a structure, various research
and development is being performed relating not only to the
magnetic layer, but also to the intermediate layer positioned
immediately below this magnetic layer, in order to improve the
various characteristics desired of perpendicular magnetic
recording media, such as the magnetic characteristics and the

read/write characteristics.

[0003] For example, when using an alloy the principal
component of which is Co as the magnetic layer, efforts are
being made to use various materials in the intermediate layer

in order to control the crystal orientation, crystal grain
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| ayer. In representative cases, Ru or an alloy of Ru
is used as the internediate |ayer material; the
foll owi ng technol ogi es have been disclosed for such
magneti c recording media. [0004] In T. O kawa, M
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magneti c recordlng media is disclosed in which
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which is Co, and the internediate |layer is of an
andaHl. oylutrhe kagi membempoA@BEs ehdwii.cNa&reukRa,aidlaow, IEEE:
mat eri al having a body- centered cubic structure, and
IEE®hITehncanpriioses ool Madwedri ds,gherl . RB, [M0D063, Thestember 2002,
the technol ogi es disclosed in the report of T. QG kawa
perekndli candri nadapanesecPatenhglLakcdiapes Nasc2082d in which a
283428, Ru is used in the internedi ate | ayer
magpesiiti angdr ditecthy. beddwithe omgnetoe |@yetCtfile)grown
but, Ru is an extrenely expensive naterial. However,
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magnetic film comprises an alloy the main component of which

is Co, and the intermediate layer is of an alloy the main

components of which are Ru and a material having a body-
centered cubic structure, and which comprises 60 at% or higher

Ru.

[0006] Thus in the technologies disclosed in the report of
T. Oikawa et al and in Japanese Patent Laid-open No. 2001-
283428, Ru is used in the intermediate layer positioned
directly below the magnetic layer (film); but, Ru is an
extremely expensive material. However, until now there has
been almost no material appropriate for use in an intermediate
layer, the magnetic characteristics of which have surpassed
those of Ru or an Ru alloy. Hence the manufacturing cost of
intermediate-layer materials in perpendicular magnetic

recording media has been high.



Re is known as a substitute material for Ru in
internmedi ate | ayers; but when Re is used al so, the
cost of the internedi ate-layer material remains high,
and so there has been a need to devel op technol ogy
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Lcases in mhlch Ru or Re is used, and in which the
NS fference between A050 for the internediate |ayer
and the magnetic layer is wthin a specified range
[000f/fom 1Int @i8hdegrfeedkseBy imeanstahcebi s thedifallowing has
formati on of crystal grain boundaries in the initia
beemagnetiloskdyers gpewtilfipetiatinoilegpr oot €dyrmanidon of an
magneti c characteristics can be inproved. [0008]
intHoweverewhegecRUwatthReti sisnaty Bsedri Ret.he
internediate layer, if the magnetic |ayer thickness is
guced in densi t
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an intermediate layer, Ge, Cu, Ni, Au, Pd, or similar as
substitutes in addition to cases in which Ru or Re is used,
and in which the difference between AB50 for the intermediate
layer and the magnetic layer is within a specified range (from
1 to 8 degrees). By means of this media, formation of crystal
grain boundaries in the initial magnetic layer growth period

is promoted, and magnetic characteristics can be improved.

[0008] However, when Ru or Re is not used in the
intermediate layer, if the magnetic layer thickness is reduced
in order to increase the recording density, orientation of the
intermediate layer and magnetic layer declines as a result,
and there is the problem that media noise is increased. Hence
there has been a need to develop magnetic recording media

which, while used in high-density recording, employs



i nexpensive materials, yet exhibits magnetic
characteristics conparable to or surpassing those
achi eved using Ru or Re. [0009] As described above,
various perpendicul ar magnetic recording nedia have
inege%%sqlgckp %%ia?%t Fg%r%xk%ggkg %%n%g%§ .Eﬁgra teristics
pgrpengicu ar nagnéth recording nedi a whi Chéxmbit
excel l.ent _hi gh-density recordin nd_ot.her .magnetic
con B F oo PR c S RS Emb By a F SterreAEats PhyBF
formed by inexpensive neans. SUMVARY OF THE | NVENTI ON
[00PB010] Hendesamibkpeebook,t herinuenpeopensitolproviedectic
per pendi cul ar magneti c recordi ng nedia which, while
recemplioyi ngdienéxpendere natefbakd nbuhe theter medibdane demands
| ayer of the high- recording-density nedia, is capable
forobeexknbiting rmagpeticé c chapadteg skedés @bdpar akhebtia
or exceedi ng those when using Ru or Re. In addition,
excef lebjretti gaf-deheiicgvertbaning toadppatiedemagnetic
per pendi cul ar magnetic recordi ng apparatus conpri sing
chagacherpertpendi guliae ragnetiiagr eaorndicrgmerediae [[AQET] formed
This invention relates to perpendi cul ar magnetic
by Heeapdingsdvaediansconpri sing a nonmagneti c substrate, a
soft magnetic backing |ayer forned on the nonmagnetic
substrate, a se r ft magnetic
backi ng | ayer, a Sl O?Nomed on the
seed | ayer, a magnetic layer fornmed on the
[O0iLRf er medicate kayebjecamndod phet ecteviéibayers thopmedide
the magnetic layer, in which the internedi ate |ayer
perpenpliicsés ranaghkay cwirehothénhcpesitruehire, centiaenengloying
55 at%or nore In, and in which the nmagnetic | ayer
inegprpsisesmanecalibdy i4 the intermediate layer of the high-

recording-density media, is capable of exhibiting magnetic
characteristics comparable to or exceeding those when using Ru
or Re. 1In addition, an object of the invention is to provide
a perpendicular magnetic recording apparatus comprising such

perpendicular magnetic recording media.

[0011] This invention relates to perpendicular magnetic
recording media, comprising a nonmagnetic substrate, a soft
magnetic backing layer formed on the nonmagnetic substrate, a
seed layer formed on the soft magnetic backing layer, an
intermediate layer formed on the seed layer, a magnetic layer
formed on the intermediate layer, and a protective layer

formed on the magnetic layer, in which the intermediate layer
comprises an alloy with the hcp structure containing 55 at% or

more 7Zn, and in which the magnetic layer comprises an alloy



with the hcp structure containing Co and has a Ae50
value for the orientation plane (0002) of between 1.5
and 4. Perpendicular magnetic recording nedia of this
invention may be used in various perpendicul ar
, na%netic recording apparatuses. It is desirahle that
withhéhenfePmediracé U gy EPRER 1 NpEEpEAdPEMl &R SnagREPcvalue for
recording nmedia of this invention further conprise at
thel easknone iehepeaheselbectedofr battvbeneleseningr oUp
consisting of Ta, M, My, Au, Ti, Ag, Dy, No, Zr, OCr,
Per?en@ip@@grsmagh%tﬁ§ fruebhern ndeskrabl et Rat st RBvention may
ractional content of the above el enent group be from
be 1Qeh0i45vatkYouandergxhierehy rdesizhable thatbrbheq
magnetic |ayer have a granular structure. Further,
appkhk@ tneRRBINELI ¢ sSubstk-abecCanabetnbabhiceatedibtemayer of
material conprising any anong al um num gl ass, and
perpehiieen ak0QLZheThics rbpwent honyburbher ikRgkudesecation
per pendi cul ar = magnetic recording apparatus conprising
furktRe -abeyeriper pendigukapargnehie tr 6ekdi-eg Fediache
[0013] By conprising 55 at% or nore inexpensive Zn in

elehB8t g&b%b"%%h%ﬁ%th%bekﬁfﬁﬁip@ﬂﬂiQHLaUﬂﬂagﬂfii&g,_Dy, Nb, Zr,
recording nmedia of this invention enables reduction

cr,of7, tRe cogt sof the iknterpedi-abieshaveie @RdtS@he fractional
reduction of the cost of the perpendicular nagnetic

recording, nedia_as whol e. _[0014] I.n _perpendi cul ar_,

con e e P BC P B HEHEL CoPTPAPs L ROG: 1n ot fe 26%, and
internmedi ate | ayer conprises an alloy with the hcp

extLEPRgeureSdoaParni-hg o504t HRgPchofe 120 TaR@ VEne Jranular
magnetic _|ayer conprises an alloy with the hcp

strgp%gg@urngg pg;miggecgpnmggnetlc substrate can be

fabricated from a material comprising any among aluminum,

glass, and silicon.

[0012] This invention further includes a perpendicular
magnetic recording apparatus comprising the above

perpendicular magnetic recording media.

[0013] By comprising 55 at% or more inexpensive Zn in the
intermediate layer, perpendicular magnetic recording media of
this invention enables reduction of the cost of the
intermediate layer, and so reduction of the cost of the

perpendicular magnetic recording media as a whole.

[0014] In perpendicular magnetic recording media of this
invention, the intermediate layer comprises an alloy with the
hcp structure containing 55 at% or more Zn, and the magnetic

layer comprises an alloy with the hcp structure containing Co,
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and wth a 4650 value for the orientation plane (0002)
of between 1.5 and 4, so that disorder of crystal
orientation during the initial growh phase of the
magnetic | ayer can be suppressed, and nedia noise can
be,reduczg. Mor eover, when the internediate Iager
andc yapFi esVat Veast feretBFRefEAfTSeleeteR PRPEMIPAEZ) ©F
el enent group consisting of Ta, M, M), Au, Ti, Ag,
beti¢enND,. 5Zr andr 4°,V,sB, tratd Sisoretarsteal crgrssidal dirdngeitertsion
can be nmade fine and grain dianeters can be nade
durdfif enm iiRithe1magnethc phayer o raRdeMBdiydchekseagar ban be
further reduced. [0015] A perpendicul ar magnetic
supbee@kdlng sappakati Us nefi sthicsn baveati,eagconpri ses
per pendi cul ar magnetic recording nedia having the
above characteristics, and so is suitable for use as
vatiPeGe VRIFnd¥h6F FEEoraitRGTEFparat tdyYCSBRFEEPT1SEs at least
DESCRI PTI ON.OF THE DRAW NGS g0016] Fig. 1is a
ones eRERREICC SEL65S§EsedPBn&RCdFAGREMT SROWPNGORA LEXanAl €f Ta,
of perpendi cul ar magnetic recording nedia of the
Mo, i Hgenfilon T1DESERI PYF ONPOF Z¥HECPREFERREDENBEDY MERYSt2 1
[0017] As a result of diligent studies regarding
gragPeferfSteRRi ERANcRA RépradelRuahE FroviRdelsBeItsfactaryPe
magnetic characteristics for the internedi ate | ayer
nadgf UpérpeRdiieultar TRagRELCc lpEesr dPRG Redita, RPRSs can be
i nventor has discovered that satisfactory magnetic
fur¢hera&eeiicsti-cs depend on the atonic radius of Ru,
and in turn on Ru lattice constants. Hence the

[ooh@qentoa_Eg%g@%@ibulé@ asgaRthpexpenskvegnmbekirdkus of this

havi ng an
invention comprises perpendicular magnetic recording media

having the above characteristics, and so is suitable for use

as various kinds of recording apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Fig. 1 is a schematic cross-sectional diagram
showing an example of perpendicular magnetic recording media

of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] As a result of diligent studies regarding elements
which can replace Ru to provide satisfactory magnetic
characteristics for the intermediate layer of perpendicular
magnetic recording media, this inventor has discovered that
satisfactory magnetic characteristics depend on the atomic
radius of Ru, and in turn on Ru lattice constants. Hence the

inventor focused in Zn as an inexpensive material having an
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atom c radi us conparable to that of the expensive Ru.
Through this process, the inventor found that by
adopting as the internediate |layer a nateri al

conpri sing an aIon with the hcp structure containing

55 at %.0r nDre i_nexpensi v , .and. by _adopting as t
*toldGnSerc Fayer 8 ik er?a|%€8EpP?s?ﬁ§ it oy G #irough
t
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overall, and by s preSS|ng di sordering of the
tr@?§§F§IC@PFéﬁPépﬁoﬁ5déFﬁhg”iH%Iq%n%ﬁ%ﬁpe%ﬁ%ﬁﬁr@%ﬂuﬁﬂﬁ by
of the magnetic layer, nedia noise can be reduced,
adoaﬁdngoﬁ§e@b@nmagne%é@|ﬂ@ﬁerhagmademéaﬂycp@@@ddﬁng andalloy
ot her nmagnetic characteristics can be realized
witW theuhcysishguBguee cshmelaingncbheahat earedgabeAds50 value
| ayer. Below, preferred aspects of the invention are

foreéglalggghta%agarlﬁ%n éb%%2f|%%r%ﬁe Tg%ne%écnqayer of 1.5°

descr i ow afe mer |IIustrat|v and “var
appropriate design nDdlf!catlons can be nmade by a

to AracPerponercubdir thedretliw Ta¢ardhed seepea ofanop el

creative abilities. [0018] <Perpendicul ar Magnetic
nanReeatdirag Midha2oki gostsi svarsthemahdc bgr esgpsectianal

vi ew showi ng an exanple of perpendicul ar magnetic
dispederdnagofedha ot yshel bmienteanonAsiushawntihe tthetial

figure, the perpendicular magnetic recording nedia 10
grogahprihses @ Ndiagreiriat isubistyrat,e iia nedd camgned i ceduced,

backi ng | ayer 14, formed on the nonmagnetic substrate
andl2pnacseedtligyekct6,) char mtdhenehbe tyofrecomgneti end other

backi ng |l ayer 14; an internediate |ayer 18, forned on
maghke igeetlafacteristics can be realized without using Ru or
similar in the intermediate layer. Below, preferred aspects
of the invention are explained, referring to the figures. The
examples described below are merely illustrative, and various
appropriate design modifications can be made by a practitioner

of the art within the scope of normal creative abilities.
[0018] <Perpendicular Magnetic Recording Media>

Fig. 1 is a schematic cross-sectional view showing an
example of perpendicular magnetic recording media of the
invention. As shown in the figure, the perpendicular magnetic
recording media 10 comprises a nonmagnetic substrate 12; a
soft magnetic backing layer 14, formed on the nonmagnetic
substrate 12; a seed layer 16, formed on the soft magnetic

backing layer 14; an intermediate layer 18, formed on the seed



| ayer 16; a magnetic layer 20, forned on the
internmedi ate |ayer 18; a protective |ayer 22, forned
on the magnetic layer 20; and a lubricating | ayer 24,
formed on the protective |ayer 22. [0019] A nateri al
layuseq6ln t he suQstrﬁtes oEOor Lnar it %Betlctrecordln

nedla can"pe’'e Foyegern t'he ﬁgﬁﬁagnet| supstrate
ich can c se.any ,ano gl ass,
ravgf 1‘§”3n ARt G i n%‘%gfﬂu% ] %nmﬂﬁna 1By daver

Iatln can be u? matert 1
r& f8r c& “6?5 ¢PYSta ||ze8m|981s§rl SFRCFartd8ntaver
be used. And as a material conpri si ng S|I|con, a
‘silicon substrate, or a silicon carbide substrate,
can be used. The thickness of the nonmagnetic
[00389hst r akemd2eirs addugstiednacter dubgttrateheosi zedahartyhe
substrate; a thickness in the range 0.3 to 1.3 nmis
magdesiiralkeorf@0z0hedhe saht bragnelogcbadki ngel apematdetic
is a layer which serves to suppress spreadi ng of
subragaetl ¢2f | wkithomehheohead sat antthembhae adftiniecor, dgngss,
and to secure a sufficient nagnetic field in the
andperipendincul as ditectindncoAgrtibeéngaténmahuef, theAlsafiioy
magneti c backing |l ayer 14, an N alloy, Fe alloy, or
wit@oNia&l baytcan benubeduskdr. eranpl glaby wsitegiaimr phansorced
CoZr Nb, CoTaZr, CoTaZrNb, CoFeNb, CoFeZr Nb,
glaGelretaZihNa,l laresl pilkas, asdt sshactar yael eet nepdgnernd as a
conversion characteristics can be obtained. In
mateansildepabirasialt theisbhyctuses iebnnmegbetirateheadsa silicon
used when recording as well as productivity, it is
carpiekecablerthat the bbi ckeess ohet haisehtseagmetihe
backing |ayer 14 be set in the range 10 to 100 nm By
nons@bhiefigct Be@bstrate 12 is adjusted according to the size of

22

the substrate; a thickness in the range 0.3 to 1.3 mm is

desirable.

[0020] The soft magnetic backing layer 14 is a layer which
serves to suppress spreading of magnetic flux from the head at
the time of recording and to secure a sufficient magnetic
field in the perpendicular direction. As the material of the
soft magnetic backing layer 14, an Ni alloy, Fe alloy, or Co
alloy can be used. For example, by using amorphous CoZrNb,
CoTaZr, CoTaZrNb, CoFeNb, CoFeZrNb, CoFeTaZrNb, or similar,
satisfactory electromagnetic conversion characteristics can be
obtained. In consideration of the structures of magnetic
heads used when recording as well as productivity, it is
preferable that the thickness of the soft magnetic backing

layer 14 be set in the range 10 to 100 nm. By setting the



8 filmthickness to 10 nmor greater, the advantageous
result of suppressing the spreading of magnetic fl ux
is obtained. And by setting the filmthickness to 100
nmor |ess, excellent productivity can be realized.

fllhog%lk TE%SS %dlba¥er 16 Ser E§,t%8%0g%%%£tgh%OPﬁ result of
orlenta I-on proper |es ] g ai n “dirafet 8r's “Pn e
i nternedi eIa rmdthme
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8% npl e N é% NlFer N FeB, N FeNbB,
P alﬁéﬁb yN 2y %é dcoNi FeB, and sinilar can be

used. It is preferable that the filmthickness of the
[00geéd | ayer 6cbelaagdirustedecappsoppi abeltyoduthet batiehhetion
magneti c characteristics and el ectronmagnetic
propemnversi endcharaat €iesticessofint ke Heseltiendganmagnet/iee 18
| ayer 20 are desired values, within the range 2 to 20
fornmd Byremekiong,t he fvellin thi tknessoZ mheomaggeeatedayer 20.
degradation of the orientation properties of the
To ithtier eedi, atie Layerci8randecaltiatot tnheecmagnehbeihayéhe fcc
20 is suppressed. And by meking the filmthickness 20
stromtarel esshcept Be rgeaumedbameteds innthke seeed 1kgyer 186  For
can be kept from becom ng excessively large, and by
exalbilg , nEameAgr, ain FdsapeNe FeNbi, NNt e Bi, nNe FatdBat dilFayer,
18 and magnetic | ayer 20 can be made fine, and
Nirdegr, adaliiee, of oiNheesl, eahtopaginetirc caanver sised. It is
characteristics can be suppressed. [0022] The
preifetrabnedicabe lkayerild itdiaknespagiethe kayer lawkirche be
t hrough inproved orientation and snmaller grain
adjusted appropriately such that the magnetic characteristics

and electromagnetic conversion characteristics of the
resulting magnetic layer 20 are desired values, within the
range 2 to 20 nm. By making the film thickness 2 nm or
greater, degradation of the orientation properties of the
intermediate layer 18 and also of the magnetic layer 20 is
suppressed. And by making the film thickness 20 nm or less,
the grain diameters in the seed layer 16 can be kept from
becoming excessively large, and by this means grain diameters
in the intermediate layer 18 and magnetic layer 20 can be made
fine, and degradation of the electromagnetic conversion

characteristics can be suppressed.

[0022] The intermediate layer 18 is a nonmagnetic layer
which, through improved orientation and smaller grain

diameters of the intermediate layer 18 itself, acts to improve



di aneters of the internediate layer 18 itself, acts to
inprove 9 the orientation properties and reduce the
grain dianmeters in the magnetic |ayer 20 forned

t her eupon, and mﬁth respect to nagnetic
charac% ri.stics Es to ,Suppress th

the orig 10 TD e TiCe %%E%eg %m Eers in
an un eS|re8 Phrtra aSe Iayer of ﬁ magnet’i ¢ T"ayer
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V, B, and Si be included, in addition to Zn. [0024] If
witphéhtahep 6tKEFtErEmerPstadsdnphed éﬁd@émwﬂ%4Pyaton1c
radii different fromthe Zn atons whi ch nmake up nost

1009k theﬁﬁgg?rﬁﬁdbéhér'%$e 52185 %é%%%g'ﬁa?ﬁ%%ﬁ tBQeErystal

the des ttice constant or t |nterne

or18ﬁ¥%Eé%§ o% @9% %B&@Eﬁggl @ng %ggsﬁguﬁgtkﬁe (OOOZ)

I SOr erlng Int cr sta orientation

dlre%%ﬁ ﬁlwg spgﬁﬁﬁvgﬁeh@etga%%?éfﬁdﬁ%¥§ ZgrggﬂggElon, it

suppresse e atom c rad ement s

is %? gggbﬁﬂet%hé@eataﬁggétebﬁgegﬁe LY %ﬁ%ck%rg%thh%ﬂe

whi ¢ atomc radius o nce

o BITPRA° G ) Ry o e o
cx,[A0E, L AR 20, he saddedeaThe atoi g radiys gt O i

T
i S somewhat sma r than 0.133 nm the
atomc radius of V. Hence Cr and V serve as el enents
[00@Milch If the Ta or other elements described above, with

atomic radii different from the Zn atoms which make up most of
the intermediate layer 18, exist in excess, then the desired
lattice constant for the intermediate layer 18 is not obtained,
and consequently disordering in the crystal orientation during
the initial growth phase of the magnetic layer 20 cannot be
suppressed. The atomic radii of the elements belonging to the
above element group are larger than 0.133 nm which is the
atomic radius of Zn. Hence, as elements to control the
lattice constant, it is preferable that Cr and/or V, with
smaller atomic radii than Zn, be added. The atomic radius of
Cr is 0.125 nm, which is somewhat smaller than 0.133 nm, the
atomic radius of V. Hence Cr and V serve as elements which
modify the lattice constant, so to speak, bringing the lattice

constant which is increased due to addition of Ta and similar
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nodify the lattice constant, so to speak, bringing the
|attice constant which is increased due to addition
of Ta and simlar 10 closer to the |lattice constant
for the case of Zn itself. By this neans, the lattice

clo%%@s%an%h n ?%esggn%@a%@efran%%e %8%26%ft%n01%§%9f. By
nm |IeseeC|ngacorrp03||onena I'ng
USI n%
ge

f h
i g "Ry O “For soxahra do 62Rore CLEEESLLSEr.a

h resp to the .latti onstant. For .
0. 2%%% 8 S% S%bps p(ewg%%slge Fﬁ%ﬁnghé F8ng51%10n ena%llng
ration e_abov onbi ned W
appﬁ&“@% CPHErP%nag 69{18%&% 5@”@@?&?51&8&%&ln{ghslements
ttice nstant a t he i nternedi at can

Wi e FEATR e R (e He P AnGE GEBRES A6 6, 608 ARFDRRG To the

i.sorderin f t e _cr sta orientation duri.n
a2 Pnsgg‘g&n Sfascie é’ewﬁﬁﬁéPPE | &er S5 EanpR1e

ress this r ular orien at ion

thal PRECRREgn 588ceﬁlt€fﬁ£a%%g§ PEA 2PE s dF el an  oRbiged

conparabl e or superior to that achieved when using Ru
withi ghePrediiabén| &y6r TRAEEI ¢ E6ndPant’a B30.ZV0s wagns, t

and consequently nedi a noi se can be reduced. [0025]
latPriekecredteheénmenbg tbe addetrineditboer edyee gPaicAn be

dianeters in the internediate |layer 18 include B, Si,
conamd LNed withis phef eralgke Ot Battot e Dot &I0Oconecentidat i on

of these elenents be in the range 10 to 45 at% By
disthidermeansf theecrygtailnostientcttinieni durhegi nher nedicaté

| ayer 18 gives rise to finer crystal grains in the
gromwgboptiesg bdyéhe seghkaticr éegedi B9 cdenbet puppressed. In

characteristics are inproved. [0026] Further, in order
thitowsypppespechhechdrmabirarnobtapn can be realized in the
intermediate layer 18 which is comparable or superior to that
achieved when using Ru (intermediate layer lattice constant a

= 0.2705 nm), and consequently media noise can be reduced.

[0025] Preferred elements for addition to reduce grain
diameters in the intermediate layer 18 include B, Si, and Nb.
It is preferable that the total concentration of these
elements be in the range 10 to 45 at%. By this means, finer
grain structure in the intermediate layer 18 gives rise to
finer crystal grains in the recording layer, so that recording

density characteristics are improved.

[0026] Further, in order to suppress the formation of an
initial layer in the magnetic layer 20, it is preferable that
the film thickness of the intermediate layer 18 be 2 nm or

greater, so as to obtain satisfactory crystallinity in the
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initial layer in the magnetic layer 20, it is
preferable that the filmthickness of the
internediate layer 18 be 2 nmor (greater, so as to
obtain satisfactory crystallinity in the 11
|nterne iate | ay 18, By, this neans,, de ra ion f
A R T LR S i
oridy r§%sed %nd e%ce%E nttor|en%at|%n andbcr stalressed
grarn 8o At 6N A thE nﬁ Netfd Fayér S8 £an b8P
attai setting the f|In1 t hi ckness,of the
il Fnéapgtsrﬂsygﬁteen 6 oy srads gra 0 SdRktePers the
be n e
t

a
b h .
neaf A4 by ate P ayER 8. 5%83§§daa?%§ P éyoﬁfﬁtépggFg £ilm
t th )
tni Gy BTRLeEd e iR s Ta AR E e el S es Bof 2Pnats Prmiess, grain
k t t t 8 d
i oBREERS FaluLEd W & PRaPPErRY™H Gh° PeSBral g™ e

d t Th t | 20
e BOT AR of &P OF cU6r ARG Ana°r SEPOLCERO B OF oreAn
t. h t 20
dlaggﬁgﬁgf&hogbetW@gssfﬁsnﬁﬁgéﬁaEB Rafnare Pc ¥§%ﬁssse

[ I.S.must b ien
T RO RS Ui SOLTOR pd péﬁai?aﬁér%ﬁéc#ﬁ35§u8§tF§€e18|sﬁ@edlate
1 To EE t he magnetic Iaéer éo hslorlen ed . w E n
ay?ﬁe op E@@O?flﬁﬁa g"paral Fet'“fo t'heé-subst éFénﬁl ne.
her the, .magnetic | ayer 20 conprises an all oy
rec@éﬁﬂﬁgn Ffg5E514Rd having the hcp structure, the 4050
val ue of the orientation plane (0002) of which is
[oobhetiween Thebmande4 i cBy aeki 0g tibetAG50aveal peoeqdald tfor
or greater than 1.5, excellent read/wite
recolrdiact ahdstepsocanetachi erednrandabyonaki mg vheevalkyeuse
4 or
the magnetic layer 20 as a portion of the perpendicular

B
o
ta
€6
n

magnetic recording media, the magnetization easy axis must be
oriented in the direction perpendicular to the substrate plane.
To this end, the magnetic layer 20 is oriented with the hcp
(0002) plane parallel to the substrate plane. Further, the

magnetic layer 20 comprises an alloy containing Co and having
the hcp structure, the AB50 value of the orientation plane
(0002) of which is between 1.5° and 4°. By making the A850
value equal to or greater than 1.5°, excellent read/write

characteristics are achieved, and by making the value 4° or

less, declines in the noise characteristic arising due to
reduced orientation as the thickness is reduced can be

suppressed.
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| ess, declines in the noise characteristic arising due
to reduced orientation as the thickness is reduced
can be suppressed. 12 [0028] Here, the 4650 value is
an index of the distribution of the crystal plane
inclination of thggnagnetlc | ayer 20, and

[00¢fdci fi E&arRy, the EHPPedatHe héaﬁnhépﬂeﬁa?ﬁnﬁﬁ?mﬂaﬁﬁréPUtlon
the so-called rocking curve with respect to a certain

of &hieentrasiten plane ancthaasirfacé chet hegmagaet levkayar, and
20. The smaller the value of Ae50, the better is the

morer poral ficrilént atisonadflethéhpagreki ballayapx2oun goggh of
The following is an exanple of a method of

themsasureérent rof k46850 cfisret e thO@e2yeoti &nt at cenmtpliane
at the surface of the magnetic |ayer 20. First, when

origateitdoni pdanke apedkepesicttieor, ofthéhpediranenict heyer 20.
surface side of which the magnetic |layer 20 is forned

Thel SmalllkadicakedamithoX- nags, and bbetdiffisachedcXysays
are detected by a diffracted X-ray detector. The

orlgﬁ%b%h%ﬂ oft the deteetor 1hgesebosuch that the angle
incident X-rays with respect to the diffracted

X-rays detected by the detector athe angl e made by
[00gPtf r actleg ﬁpﬁéﬁﬁlﬂﬂtﬁsaaplﬁéa@? énéédaf PefPRe T
incident X- rays) is twice the incidence angle 6 of
meathe eimpeitderit ARSPaysronhet He0ABYI arsantatépnt haknesat the
20. Wen irradiating the nedia wth the incident

surXakcaysf ByeChapgiendct hayeri ent.ati on of the nedia, the
i nci dence angle 0 of incident X-rays is changed and

t he .position of he det ect is als
eI aEng P on ek S At {EHe ifgPE Hradechy Liry f Fh: gdia on
thexé%% %ég %gd%hof which the magnetic layer 20 is formed is

irradiated with X-rays, and the diffracted X-rays are detected
by a diffracted X-ray detector. The position of the detector
is set such that the angle of incident X-rays with respect to
the diffracted X-rays detected by the detector (the angle made

by diffracted X-rays with a line extended from the incident X-
rays) 1s twice the incidence angle 6 of the incident X-rays on
the media surface, that is, 206. When irradiating the media
with the incident X-rays, by changing the orientation of the
media, the incidence angle 8 of incident X-rays 1s changed,

and the position of the detector is also changed accordingly

such that the angle made by diffracted X-rays with the
incident X-rays is 20 (that is, twice the incidence angle 0 of
the incident X-rays), and the intensity of diffracted X-rays

is measured using the detector, in what is called the 6-20
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incident X-rays is 26 (that is, twice the incidence

angle 6 of the incident X-rays), and the intensity of
diffracted X-rays is nmeasured using the detector, in
what is called the e-26 13 scan nethod By this nmeans,

scapBoLghati on betueen the  iatensiiy,of, diffracte
rays “and tHe “i'nci deénce’ ang |nves |gate ¢ and

the detector position at which the intensity of
intgppftycPéd X ragstird érééﬁés?nﬁstaétépﬁﬂﬁéaceTﬁégéﬁgpels
20 made by diffracted X-rays at this detector
invgesiivedrdw ehdt fee drtiedént Xopaysdoinsatalwhed¢h20pe Théensity
angl e 20p thus obtained can be used to determ ne the
of damifmantcer ystal spliangrabteBe isunktaeemohetihe magnehigte 20
| ayer 20. [0030] Next, when determ ning the rocking

mad%ubyedi%%kgc%@@ Xd%E?%tQ% Eh&%dd@%ek@%rp9§%E%QBnaklth the
which the angle 20 of the diffracted X-rays is 20p,

inc&%%nne%L?a [ gt% ? I%Gég Qﬁg ggglghgg ethgg ob%alned

inci dencé ng I'nCl ray and a rock

cErve i S created |nd|ca%|n% the relation R en the

can; REi §éfce tCa SFSr@l&ﬁdt RePRLBABIt {TEF tailt Prabfedt the
X-rays de ect ed b¥ hi detg%tor The det ector

Sur58§ﬁtpén § PPRBEAC tRESposi’tion at  which the
diffracted X-ray angle 20 is 20p, so that the rocking

[oogunve repkeserhent Hetdirstinhibyt itae ebctkhag ackiBat ivarh the
of the crystal plane at the surface of the magnetic

dete@¥%& %Qxeﬁﬂ%% %ﬁ§p$8%1EQOBh%tphﬂ %hOEh%h%ngﬁg'ée bR the

hi s way determ ned as the hal f - maxi num
f the eak indicating the orientation plane in

dlfﬁﬁégFSQkKnéadéréé ZPEOBEPeThédhﬁgﬁét?Etﬁéy@P 26 eaanged to
made to conprise at |east one elenent selected from
chahbe ehenmentigeaudp e0nsikesbi 8 incident X-rays, and a rocking
curve 1s created indicating the relation between the incidence
angle 6 and the intensity of diffracted X-rays detected by the
detector. The detector position is fixed at the position at
which the diffracted X-ray angle 20 is 20p, so that the
rocking curve represents the distribution of the inclination
of the crystal plane at the surface of the magnetic layer 20

with respect to the plane of the media. 1In this way, A650 is

determined as the half-maximum width of the peak indicating

the orientation plane in the rocking curve.

[0031] The magnetic layer 20 can be made to comprise at
least one element selected from the element group consisting
of Pt, Cr, 8i, and 0. 1In particular, a structure in which

ferromagnetic crystal grains of an alloy comprising Co are
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of Pt, C, Si, and 0. In particular, a structure in
which ferromagnetic crystal grains of an all oy
conprising Co are 14 surrounded by nonnagnetic crystal
grains the mai n component of which is an oxide, that
OUn%e%pbcalled ranular structure IS %referable

Sur§ecause a gpgﬁﬁ etﬁFugggFgalsgra% rucPur@aﬁﬁ Poﬁent of
netic gr ai_ s.of the al onprisin
wni e TR ERC LS 0 SRS Ok st sySPhg%éi.ﬁpgréﬁggﬁf s%ructuref is

t i t ,..and .
S re%%?éﬂﬁsexhéﬁgbyye oy ?ﬁcgﬁﬁgié%a%ﬁﬁ jgeBle in
. t th
w1 P B R bl KASURLL Y aRA P SRRt CBuPEF
. t .t d 9 %
lSOEeﬁsd ?%Pﬁé'ﬁ§ﬁﬁ§§ﬁ%€- TR & Fai wte Po0s2) “PReths
t t
sradging 3 g“@%PEBhééﬁgﬁu85§%y§F§P?§ra S RP high"9eRraing
CoPt Cr B,
denginds Lot EaCelh POpLC Rd verFTas (36 GoEPraent) means
: d_ot
Pl EhEehECEat SpBES G 68 L ahaD! 4" AFd %ﬁ?&?&ﬁf and
magnetic ani sotro (Ku) and so are especial
in ﬁﬁéﬁéﬁ&%ﬁé tP@G33%elﬁXﬂﬁé é@@@élgﬁﬁn993ﬁ0§ﬂméé€&We9Oa@0196
the oxide formng the nonnagnetic grains in the
or megrebifc thayeprn@gn8itOc Cr€talZp@R,in¥i.02, or Al, 02,
whi ch have excel lent magnetic isolation properties

oo‘é‘z&h re%Be‘EBet gb'b'{}g %%%%ﬂa?heggﬁggﬁ% has%%i%"" alloy

can be "use superl

9 S%' &\ gl R %p? (Le5.8ndis @ g%%'f% Y th
conff2IATby 534] “TR Che aBaUa G Entrdr Bar depPs, 10 the
magh%tl% E%%%%ragkeCoPtCr, CoPt, CoPtSi, CoPtCrB, and other
CoPt-base alloys, as well as CoCr, CoCrTa, CoCrTaPt, and other
CoCr-base alloys can be used. Among these, CoPt-base alloys

enable a high crystal magnetic anisotropy (Ku) and so are

especially preferable.

[0033] In the above granular structure, as the oxide
forming the nonmagnetic grains in the magnetic layer 20, SiO,,
Cr.03;, Zr0,, TiO,, or Al,0;, which have excellent magnetic
isolation properties with respect to the above ferromagnetic
crystal grains, can be used. Among these, Si1i0, has superior

magnetic isolation properties and is especially preferable.

[0034] In the above granular structure, it is preferable
that the average grain diameter of crystal grains be from 4 to
8 nm. While depending on the composition, by setting the

average grain diameter to 4 nm or greater, thermal stability
15



that the average grain dianeter of crystal grains be

from4 to 8 nm Wiile depending on the conposition,

by setting the average grain dianeter to 4 nmor

greater, thermal stability 15 can be secured. And by

settin average grain d|a ter to_ 8 am_or l.ess
Cann%.sgecgﬁe 6 r Baaced. STOOASF 15 &V5PEREr Bbra RatTERET t°
5 nm g]&hlcknesg ofcthe o %ge ﬁllayer 20 be in the

afde '85F6 267Rm “heR®t h thi ckness is | ess

than 8 nm thermal stability is degraded. Further,
[OOwkeén t hétt hsckmessriablgr éabtér thkami20 nmickheskead the
magnetic field does not reach the entire magnetic
nmaghkltie dagerwkiot bechar dbkeribstiecs apez2degmadedhep0086] film
The protective layer 22 is a layer fornmed for the
thiplunpese ief lpsevéhtnng corr adcomadf stheifaggetiisc degyered.
20, and preventing damage to the magnetic layer 20 in
Furttherevehenofthentdiakeestadt wirehtele thmgnedi enheatdle Asad
the protective layer 22, a layer mainly conprising
magneteri dislnodmekl yousedaich shehenltayer sagaethcasiflor, and
exanple C, SiQ or ZrQ can be enployed. It is
wripeeternabkecthat itbeathi dknessieafl. the protective |ayer
22 be within the range of filmthicknesses used in

| h f |
Oog%rﬂﬁen 333%3%%%63?%%r36§%f”$% lﬁusr|83??n§%F§§§a%§£ethe
f or of sec
purpgsd & tPﬁSVSHg%ggtspngﬁ&g bBPWEsR PRGN Gnafiehada and
b t | 24, t |
preﬁ&P&éPﬁygE@@ae RS RS T R ?|asr5hgae%%5% 3r

med@%lﬁgbggrg Wi %rlggt%%ggggggoheaqu EE“%B'”%E%%ective layer
r

22, a layer mainly comprising materials normally used in such
layers, such as for example C, Si0O,, or 7ZrQ0,, can be employed.
It i1s preferable that the thickness of the protective layer 22
be within the range of film thicknesses used in normal
magnetic recording media, such as for example between 2 and 5

nm.

[0037] The lubricating layer 24 is a layer formed for the
purpose of securing lubricating characteristics between the
magnetic head and the media. As the lubricating layer 24,
materials normally used, such as for example perfluoro
polyether, fluorinated alcohol, and fluorinated carboxylic
acid lubricants, can be used. The thickness of the
lubricating layer 24 can be set within the range of film
thicknesses used in normal magnetic recording media, such as

for example 0.5 to 2 nm.
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acid lubricants, can be used. The thickness of the
| ubricating |ayer 24 can be set within the range of
film thicknesses used in normal magnetic recording
medi a, such as for exanple 0.5 to 2 nm 16 [ 0038]
t hod of uf ur e -of . Per pendi cular net i
[Ooélgﬁor di ng ﬁg%gag%n@aiwfacw%ﬁg [ ac Jfe Hponetic
pennd%Iag magneti c recordlng nedla of this
nven oni§ expl ai ned, referring to Fig. 1 above.
d eanlng of the Nonmagnetic Substrate 12 The
noleagneti cesbbst pdt mab2festokreanédpelrpehhiisular magnetic
cleaning, in addition to nethods using prescribed
recoeddent siedwhi oli ahéshiighkytebhedti eepflainedpovieigrring to
natural oxide films, such as for exanple acid or
Figal Kakbpeesol uti on cl eaning, dry cleaning nethods such
as various plasma or ion cleaning methods can be
us%qealn artlggla&bnRB%glkhe gt%n @0|nt§20f
I npr OV|ng tﬁe precision-o gn di mensi ons, the need
to elimnate Iiquids resultlng fron1reagents used,
andhaunhomabigortiof sthetckéanil@gipr odessedi.t iIs this
preferable that a dry cleaning nethod be used. [0039]
clekorimgt i an efidiiheoSoftb NMeghetisc uBacki pgekayebelid rEhgents
cl eaned nonmagnetic substrate 12 is introduced into a
whisputtrer hraghapparfdeusivA fipescemnbedntyangetired osedewiftihns,
one of wvarious sputtering nethods to formthe soft
suchmgsetfioec baeckiphg akageprldlkBoinexanpléiohhelB€ning, dry
magnetron sputtering nethod can be used. Here, it is
clepneher ablteotlsatuthe aat magphesepwethienor ion cleaning

Rec

methods can be used. In particular, from the standpoints of
improving the precision of design dimensions, the need to
eliminate liquids resulting from reagents used, and automation
of the cleaning process, it is preferable that a dry cleaning

method be used.

[0039] Formation of the Soft Magnetic Backing Layer 14

The cleaned nonmagnetic substrate 12 is introduced into a
sputtering apparatus. A prescribed target is used with one of
various sputtering methods to form the soft magnetic backing
layer 14. For example, the DC magnetron sputtering method can
be used. Here, it is preferable that the atmosphere within
the sputtering apparatus be an argon atmosphere, that the
pressure within the apparatus be from 0.7 to 1.5 Pa, that no

heating be performed within the apparatus, that the film
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the sputtering apparatus be an argon atnosphere, that
the pressure within the apparatus be fromO0.7 to 1.5
Pa, that no heating be perforned within the

apparatus, that the filn117 deposition rate be from2

0 nm second, and e st.an e bet t et
depoa# GBotrate be 't roml 50 e G040 ror .%é%
t he S ed Layer n rious fSpuUttering

1RO aE o § h o8 ot AUBCLEBR el BerThl of ERe“Lo

magneti c backing | ayer 14, using a prescrlbed target.
[OORON examplreatthe DC magnQEednLagattéﬁing met hod can
be used. Here, it is preferable that the atnosphere

bhln %B%gseﬁaﬁgrln%g%@%%&%%%Smg%h%gﬁar%oused fo form the

atnDsp ere sure arat’us be
from0.7. to a, o h t| erforne W thi.n
sectr 3Tel 16 8p” bR BT nAB0E &e%%s?? ABeLOETER M by &
prezcEgb%% @n&s%% and a %E h% a e etmee uttering
Farget and Subs tra?e 5EFFom 167 to 8 %Wl f@ 41
or,oation of t termedl ate La 01 rmn
metvﬁgrdi T L neteno&é:— ig ageﬁeef% t5r wbe het%e
atm r medi ate;layer 1 l%t the seed % ’% o8
SFS FEbdd i Ar GOF. E& Sxarra 8,pptaﬁ8 Bé gﬁet ?o
putterin thod can _be use aI
atm@ﬁgﬁletfﬁé SR bhier EEAPERTR. Che SpdrFePPRET 20par BPug om O+

here, that .th

t t hi
gﬁsg?at HaeD o8 FRAPIRE s PRk ek MRenP ERRYhD Ll BhBatB% us,
th h th he_film
thaRe L e B 1B o BB LS e b LB 30 B sprgpas and
th Eh%ﬁ dbﬁ: g%%eb%%%%%gnt%r%%%tag%dsgegg%%% eb%e fromlqo to

40 mm.

[0041] Formation of the Intermediate Layer 18

One among various sputtering methods is used to form the
intermediate layer 18 on the seed layer 16, using a prescribed
target. For example, the DC magnetron sputtering method can
be used. Here, it is preferable that the atmosphere within
the sputtering apparatus be an argon atmosphere, that the
pressure within the apparatus be from 2.5 to 12 Pa, that no
heating be performed within the apparatus, that the film
deposition rate be from 2 to 10 nm/second, and that the

distance between target and substrate be from 10 to 40 mm.
[0042] Formation of the Magnetic Layer 20

One among various sputtering methods is used to form the

magnetic layer 20 on the intermediate layer 18, using a
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[0042] Formation of the Magnetic Layer 20 One anong
various sputtering nmethods is used to formthe
magnetic | ayer 20 on the internediate | ayer 18, using
a 18 prescribed target. For exanple, the DC magnetron

oreSRULLEN g, ”%thO%o%agxgﬁpgsedthe e (b s Brelerable,

nnsphere Wi Aot he sputterlng appar
MAthhn the

an_ar gan at.nos here hat the _pressur
E%F %EehggFlng be

et At E%nu o rom Boy e {674 PallE
d.within th t the fi
atm%ss S, A hate Be FPON 2 F 601 0PRAf Shbonae BRd-ERA
di st t t trate b
B0 0431 BFRACn"oF the BFofRPT b Caybr 537 O

n, whi ch soft back

h eti
to ?gra¥%a%sssdg?§§%Pglee PR PR L P aper g SRR A EuS
eti 2
thaﬁo%ﬁg rair ERhstPaPE 1 B FPaReforred O PBAceRENY, and
t t tus,
cosfPARLH R, AR 0,3 v Fo RPoraBeioe o hyer 733 ¢n t°
the magnetic |ayer 20. O her nmethods for form ng the
40 pfotective layer 22 include a sputtering nethod using
a carbon target, and an ion beam nethod; well-known

[oodanns ofrotrheseonmebliodaccamnohecenpkoyeder! a2parti cul ar
when using a CVD net hod or an ion beam nethod, the

2 ]
AN S A R A @vsa?t[ﬁﬁgﬂf%ﬁsrﬁs?ﬂ6ﬁg
Lub t 24 F I | th | )
Bl S caing ave 2o Fuoally, {1 |erRd s

layer 20 are formed in order on a nonmagnetic substrate 12, is
transferred from the sputtering apparatus to a vacuum
apparatus, and a CVD method can be used to form the protective

layer 22 on the magnetic layer 20.

Other methods for forming the protective layer 22 include
a sputtering method using a carbon target, and an ion beam

method; well-known forms of these methods can be employed.

In particular, when using a CVD method or an ion beam
method, the protective layer 22 can be made thin, so that

higher recording densities can be achieved.
[0044] Formation of the Lubricating Layer 24

Finally, the layered member on which the protective layer
22 has been formed is removed from the vacuum apparatus, and a

dipping method is used to form the lubricating layer 24 on the
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22 has been fornmed is renoved fromthe vacuum
apparatus, and a dipping nethod is used to formthe
| ubricating layer 24 on the 19 protective |ayer 22,
to obtain perpendi cul ar magnetic recording nmedia of
invention., [ 0045 Perpendlcular net |
pro egéﬁa.néagppaFéfu§> kataaap ey aenbrarag e
red) pendlc har %Betl ordlng nmedi a of thls
nven obtai ggscrlgéd above, wth other

prescrlbed constituent nmenbers such as a magnetic

[OOHéad, veiPeepeodicmibor MagndtdionRecbrdinguiebpyrasdus>
per pendi cul ar magnetic recordi ng device i s obtained.

e ot %&%%{hggp%tlc

odi_ment.s of |nvent| an are &x | ai n in, sti
recom(e%latnt(éjfrm&((ejtlalIfI zhnns ati ﬁﬁﬂadvqﬂgagedﬁsa?e%%?%%lb?d above,
Wltbg n%egégggr Q% %O%E of P% ndlculg faRecordln

i > 0 S

Nt m S 3U ? magn%tic
nonma EICSU rae,

2

¢

e
h
hen1ca|| reinforc l ass S N- 10 :
hecgiass ¢ BT arnErhr e ke CHAG i GkResgendicular
ed
r O

gl'ass Sbs ratef
nﬁgée%gtion must be

magnF?%gsoﬁF8¥ﬁépﬁo§8a B dft P tradart i ond

p tt |ng ppa 8Zr SNb wher.e _nunbers
paifh S Bt B R T8 BanEige 1BP EReCr BEFodng

elenent, here, a conposition of 8 at@bZr, 5 at % Nb,

r eFabndemneGos simlarly below) target was wused to

forma CbZrNb soft magnetic backing layer to a film
[Ooﬁ%gckneﬁs 100 Next i - 12Fe- 8B t ar get va

|
e
Lle
e

S

low, emboghments o%nt§e 1nven§1on a expﬁained in
still greater detail, demonstrating advantageous results of

the invention.
<Manufacture of Perpendicular Recording Media>
FEmbodiment 1

As the nonmagnetic substrate, a chemically reinforced
glass substrate (HOYA N-10 glass substrate), of diameter 65 mm
and thickness 0.635 mm, was prepared. This was cleaned by an

ultrasonic method, and after insertion into a sputtering
apparatus, a Co—8Zr-5Nb (where numbers indicate the atomic
percentage of the following element; here, a composition of 8
at% Zr, 5 at% Nb, remainder Co; similarly below) target was
used to form a CoZrNb soft magnetic backing layer to a film
thickness of 100 nm. Next, an Ni-12Fe—-8B target was used to

form a seed layer to a film thickness of 5 nm. Then, a
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forma seed layer to a filmthickness of 5 nm Then, a
20 Zn-33Ta-8Cr target was used to forman internedi ate
layer to a filmthickness of 10 nm under an Ar gas
pressure of 5.0 Pa. Next, a 90 nol % (Co-8Cr-16Pt) -10
mol % Si O target was used to formthe magnetic | ayer
Zn—pgTg~ ?FFn??HQ%Rnﬂéé BFedstAnf OtRder antehAFreptaksuraysf to a
4.0 Pa. Following this the |ayered nenber was
filpr shdfdneed pd aOvasuuibnapparat s, Jandrac€yDreepiiod. 0 Pa.
was used to forma carbon protective layer to a film
Nexthi ekwes oo 4(qumscrafiteert )\whilohmibh e, neinber awas tr enRveded to
fromthe vacuum apparatus. Except for the carbon

forﬁf@h@chﬁgﬁekﬁﬁeﬂa thi sof bl midepesitikeBssWa$ abl nm, under an
performed using the DC magnetron sputtering nethod.

heRsuadbRPing @ﬁthogb%@%wgﬁédthstth‘@abbggﬁdmember was
ubricating |layer, of a perfluoro polyether, to a

trahislr@t-Buckness vatudnnBbpakAthli S 2WaY o @prﬁﬁgh%ﬂl%%s used
magneti c recordi ng nedi a was obt ai ned. [ 004

to %6Q%db”%@&b%nEﬁggﬁchQ%etﬁ% E@C%otBaElﬁﬁethéEQ%Ess of 4 nm,
conmposition when form ng tge i nternedi ate | ayer was

aftéR- 3RCEH10AY- 2MRpt-he - sPreredure rfebnErbediaentinl 28BaYe tus .
was used to fabricate perpendicular magnetic

Exc%%%o&gkngh@e@b§boko 481 cErbodi nenk 3 %ﬁ@%p%lﬁﬁrd%5%51tlon
fact that the target conposition whén forning t

was'@ﬁ@rg%@%@%ﬁeﬁaﬁgﬁn@a%h%nD%BHQgﬁgkroBh%pB%Q%QQngmeQBOd
Enbodi mrent 1 above was used to fabricate perpendicul ar

Theﬂggﬂebh%plﬁﬁoﬁ@%ﬁ@dn%g'ausbgoﬁg]fgggog'ﬁgﬁhlé lubricating

layer, of a perfluoro polyether, to a film thickness of 2 nm.
In this way, perpendicular magnetic recording media was

obtained.
[0047] Embodiment 2

Except for the fact that the target composition when
forming the intermediate layer was Zn-12Cr—-10Au—2Nb, the
procedure of Embodiment 1 above was used to fabricate
perpendicular magnetic recording media.

[0048] Embodiment 3

Except for the fact that the target composition when
forming the intermediate layer was Zn—-33Nb-8Cr, the procedure
of Embodiment 1 above was used to fabricate perpendicular

magnetic recording media.

[0049] Embodiment 4
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21 Except for the fact that the target conposition
when formng the internediate | ayer was Zn-17Dy- 12V,
the procedure of Enbodi nent 1 above was used to
fabricate perpendicular magneti ¢ recordi ng nedi a.

0050 odr f L he f ct. that

i BROTREadON (BH S0oCubobrat B WAL oGtatoREopRg on when
nonna neti.c substrate t he procedure_of Enbod nt 1

forgaage %ﬁslﬁ§§6m€§lﬁ58r#éa€é HéﬁpéﬁdﬂEQVarzvnaéﬂ%tPéocedure
recordi ng nedia. [0051] Conparison Exanple 1 Except

of Embothaehict ehatet hest asget teodpbsiitiesr weenenflocmilag
the internediate | ayer was Ru, the procedure of

nmagBriyodi menpridiabovedwas used to fabricate perpendicul ar
nagnetic recordi ng nedi a. [0052] Conparison Exanple 2

gept Eﬁ%oﬁﬁﬁeﬁ%c% that the target conposition when
orntng the internmedi ate | ayer was Zn-40W 20Au, the

procedure of Enbodi nent 1 above was used to fabrrcate
peEperditcdbar theagaeti ¢herécendNag-wedicad pO083Jloy substrate
<Quantities for Eval uation> The perpendi cul ar magnetic

wasr gdeeddieng thedinanofoEsibodi sehssratey hitbeghrscaddre of
Conparative Exanples 1 and 2 were subjected to

Embedamgati dnebefret hes468560dv sbuéabirndietat Prgrehdicular
distribution of the slope of the nagnetic |ayer

mageeydtalrepbanaenot hedsiegnal -t o- noise ratio (hereafter
"SNRm') of the nmedia, the cost of the 22

[0051] Comparison Example 1

Except for the fact that the target composition when
forming the intermediate layer was Ru, the procedure of
Embodiment 1 above was used to fabricate perpendicular

magnetic recording media.
[0052] Comparison Example 2

Except for the fact that the target composition when
forming the intermediate layer was Zn—-40W-20Au, the procedure
of Embodiment 1 above was used to fabricate perpendicular
magnetic recording media.

[0053] <Quantities for Evaluation>

The perpendicular magnetic recording media of Embodiments
1 through 5 and Comparative Examples 1 and 2 were subjected to
evaluations of the A650 value, indicating the distribution of
the slope of the magnetic layer crystal plane, the signal-to-

noise ratio (hereafter "SNRm") of the media, the cost of the
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internedi ate | ayer, and crystal grain dianmeters of the
magnetic | ayers. [0054] As expl ai ned above, A050 was
deternmined as the half- maxi mumw dth of a peak
indicating an orientation plane in a rocking curve.

int[eOOS%]la-Ehe cost of tglge |ntcgrlrred| ate l.ayer was taI%%n

er S aln-_dilampéte
eRce’t o rlsongéxanpﬁe wﬁere | 65§

. %é ensive Iayers are |nd|cated by O, and nor e
%6 %e53|v¥ ngers by x. [0056] The SNRm was eval uat ed

by a method of witing signals using a single-pole

[0oRead anﬂsr@Qgﬂﬁgnédgﬁéb$eusABgOaWasNBeB@@ﬂlngdl§stB§e half-
peak val ue for isol ated-wave nmagneti zati on inversions

maxﬁhuﬁl@lﬁ%gloftgakﬁa§ 1Ba§cg% B%rgﬂc% %E%%%@okhﬁlane in a

maxi mum and ni mum val ues ivid Nmis
r r oot - mean-square) value at 60 kFCI [ 0057]

rOC& %%r %O 000x photograph taken with a transm ssion
electron m croscope, the crystal grain dianeters in

[00Bke magAéti eobayer wheelntasueddaby tpaeirngashgaken with
outlines of the crystal grains. The results of

refgyancit Foetahparicns appeadei A, Tabkeellesz3eypeng)ve) layers
vv_Ccs500UU>2UU +000000 WWWWHWW

areNiNANcNtNANDE) O, amkd tloreHQpenside layers by x.

[0056] The SNRm was evaluated by a method of writing
signals using a single-pole head and reading signals using an
MR head. S is the peak value for isolated-wave magnetization
inversions at 716 kFCI, that is, the difference between the
maximum and the minimum values, divided by two. Nm is the rms

(root-mean-square) value at 60 kFCI.

[0057] Using a 500,000x photograph taken with a
transmission electron microscope, the crystal grain diameters

in the magnetic layer were measured by tracing the outlines of

the crystal grains.

The results of quantity evaluations appear in Table 1.
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o rl SaOEUACaLEJ
2} ngk 1 e& EmgpgquT@smL
Exame%ﬁsngané 2*|n al | agne% o%aye compri%es gn a%ﬁgy with
the hcp structure containing Co (within the scope of Claim 1
of the application). The units of numbers indicated before

each element in the intermediate layer compositions are atomic

percents.

[0059] According to Table 1, for any one of Embodiments 1
through 5, which are within the scope of this invention, it is
seen that excellent results are obtained, with a satisfactory
balance between "cost of the intermediate layer" and "SRNm",
which is an index of media noise. On the other hand,
excellent results are not obtained for either of these
quantities in the cases of Comparison Examples 1 and 2, which

deviate from the scope of this invention.
[0060] More specifically, in Embodiment 1, in which an
inexpensive Zn—-33Ta—-8Cr composition is used as the target

composition for the intermediate layer, the AB50 value can be

held lower compared with Comparison Example 1 in which
expensive Ru is used as the intermediate layer target

composition and with Comparison Example 2 in which Zn is not
contained at 55 at% or greater in the intermediate target
composition; and consequently, satisfactory results are also
obtained for SNRm. It is thought that this is because 55 at%
or greater Zn is used in the intermediate layer target
composition, and the AB50 value of the magnetic layer is in
the range 1.5° to 4°, so that disordering of the crystal
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Exanples 1 and 2, the mmgnetic |ayer conprises an
alloy wwth the hop structure containing Co (wWthin
the scope of Cdaiml1l of the application). The units
of nunbers indicated before each elenent in the

oo BB i s TR S 15 40 T e 5
suppE nent% rlthr%% @l mhi%g rerl %NFn %h scope
2% F Fﬁ eﬁglgﬁq ¢ 2e&h F A 6x Pen? Fesult s

obtaale obtalnedELS %atl%factory bal ance bet ween
& ng 8P heti ﬁte?neglgFS Fayer” and "SRNnt', which is
an i ndex of nedla noi se. On the other hand, excellent

[ooengsul t spharephet nebtabnedifon senther Qﬁbb@@ﬁ%nt 1, the AB50
quantities in the cases of Conparison Exanples 1 and

valu% 8%@5%% k@ﬁ%'%&% E%ﬁ?ﬁ&@% %EEBecgﬁ.Egﬁgfhnﬁﬁgwﬁggﬁ anand

Mor e speci fica

2, ah@eﬁgf%%h%eméﬁn§3£2tﬁg%a%9€9 LA s fB%e@h@SsNﬂﬁeare

targ conposi tion t he terne |ate | ayer

obta 9@% Va%?ﬁlﬁéwﬁ?etoh%h%oBQW%BtCQWP%Eﬁg gghgﬁgﬂ%rkéoﬁe

expensi ve IS use

becaE%%eBq%gEa%EXéﬁy%gygﬁﬁge§ﬁ1%ﬂ%§9§bh'Qﬂ %ﬂg @%&Hiaé g%owth

ari son I'S not contal ne

phaséSO%t%%%rmg %@%gr ﬁg %EEB?@%%% %ﬁ&gﬁﬁh a pore

osi t1on; con uent SatIS actory-resu

apprgg?lgkﬁoln%ggﬁéaggt Oﬁa§N§nEa %e%scg Egggklggagnhh more

because or greater nis u

i nternedi ate | ayer rg conposi tion, and the AQ50
APPTRRIGE C6f VEHE®S ﬁﬁe?bgOIEQErtP§ Wﬁgn?ﬁécriﬁéérl.én 0%, ¢
so that disordering of the crystal 25 orientation in

resuilfre 2pagrerile chay ENRIInIVEILER gPoRbRaphase Pgd noise is

reduced.

Compared with Embodiment 1, in Embodiment 2 the A650
value is 0.2° smaller, and grain diameters are 0.5 nm smaller,

indicating further improvement with respect to AB50 and grain
diameters. This is attributed to the fact that four elements
are used as the target composition of the intermediate layer
in Embodiment 2, so that reduction of the grain diameters in
the intermediate layer is particularly promoted, and
consequently the grain diameters in the magnetic layer are

also smaller, so that an excellent SNRm was obtained.
[0062] Similarly to Embodiments 1 and 2, in Embodiment 3

also the AB50 value could be kept small compared with

Comparison Examples 1 and 2, and by this means satisfactory

results for SNRm also were obtained. Like Embodiments 1 and 2,
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suppressed, and consequently an excellent SNRm val ue
is obtained, and noise is reduced. [0061] In
Enbodi nent 2, simlarly to Enbodi nent 1, the A050
val ue can be kept IOMIconpared wi th Conpari son
and 2, .and thls ans satl actor
ehis §8 PP ERl s PR PR GPSE GBCRrrBaL g, | Bly Jpgetal
i_ment this is.th .0.bhe__becau di s
Orlenﬁa%losta peoRPSPES At AEERE RiRal GEOuRn ChRace
suppy petic hayer Ls SpBPOBTIE through a,mpre,
2% 55?%@ 4t 8°PRCer fedfaf8 ayer “tar et ¢ 65t &
a nore appropriate value for A050 for the magnetic
targﬁéyépmpﬁﬁ&té@“aan@e§ﬁl?pQﬁoé%ééF?eﬁ95§NﬁﬁﬂU§Ig@rl§he
obt ai ned, and noise is reduced. Conpared wth
magnEﬁb@dﬂﬁ@ﬁt,1§Oiﬁhaﬁb@dhﬁequeztﬂﬁeaA05®ce&ébué CYRO. 2alue
smaller, and grain diameters are 0.5 nmsnaller,
was phdiecatidngahdr thesei pprddelventediuthdrespect to A050
and grain diameters. This is attributed to the fact
t four el e t S S Ly 0 Shti
E% Uk o8 ngg@ %om?%?eﬁ %gtﬁ n@%gdﬁﬁ % goapa b on

e I nter late layer in E ment so that

reductiqgn t grain dianete i nternedi ate
EmbopREnT] & baFt PEAPar By Br GAOEERL 1&hAS ConsedUENERY the
grain dlaneters in the magnetic |ayer are also
dlam@ﬁﬁﬁﬁeﬁresétﬂﬁétSﬁﬁlé%éelﬁ@thSNRﬁ¥ﬁ6§ gbtaitHEGRer
[0062] Simlarly to Enbodinments 1 and 2, in Enbodi nent
impr3vealkst st vé tA05@ spaktie tocobbdhbdOképtndngkhivonpameders.
with Conparison Exanples 1 and 2, and by this neans
ThissSaki stactibhyedr esulthe fraktSNRaabs0awekee agblaicned. Nb was
Li ke Enbodi nents 1 and 2, 26 this is thought to be
addebeeausecdiisoederingtef 1therciystabodiment 3, so that

h
m
(0]

reduction of grain diameters in the intermediate layer was
further promoted, and consequently grain sizes in the magnetic
layer also were further reduced, so that an even better SNRm

could be obtained.

[0063] In Embodiment 4, an AB50 value comparable to that of
Comparison Example 1 was obtained without using Ru, resulting
in a comparable SNRm value, and moreover comparable results
were obtained for magnetic layer grain diameters as well.
Further, in Embodiment 4 the A850 value was kept low compared
with Comparison Example 2, and by this means satisfactory
results for SNRm were obtained. This is attributed to the
fact that, through an appropriate intermediate layer target
composition and an appropriate AB50 value for the magnetic
layer, disordering of crystal orientation in the magnetic
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orientation in the magnetic layer initial growth phase
was suppressed by neans of an appropriate
internedi ate | ayer target conposition and an
appropriate A050 value for the magnetic Iayer SO
la e&hat §e§% %hy gsgxcegleﬁt Sggg]éalu%d Conse ntly an
Y6bt di ned norge goul'd>b Pgauceg I £ seeanﬁ Y
wi t h.Enbodi nme an nbod
exceﬁﬁggiogg'Rraraéurswe E%rmﬁ P8, R Gear e GraNSEar s
are still smaller, so that there are further
[006éApr ovéneRtnpowitnkntesSpectstud tboshbA050tand lgr ahr same as
dianeters. This is attributed to the fact that a
in Ehabgemanpunt wat-cNBpwasneaddedet aothevhnter fedi akgt low
l ayer in Enbodrnent 3, so that reduction of grain

comp%&%@?hﬁgﬁ B?1s%&eﬁgﬁﬁ§§%% hayen @ﬁsanEUE%B%%

pr onot e consequent graln sizes In the rragnetl C

o R AR e ettt Sl oncovem

attré?u%%dA@?otﬁgl% CQOQBg%ab mHQaEﬁ ttngmgggEﬁ h%oﬁ

l
was obtai ned W t hout using Ru, resultlng in

thro@gﬁogﬁagggg8g§N§qgvﬁhg%Fm@aqa%gr§8§%Fa%8qgg%agbﬁp051tlon

sults I ne net i yer
i ameters as t her., in Enbodi 4 the 4050
and 9&|68pﬁ8§r&§6? P%@PcX BPedCTwirbA EoHpa Fgoﬁaﬁﬁﬁnple

2, and by this neans satisfactory results for SNRm
disowdes 1ot aifnedysThils ord cateribit éd toet ReInrhec LRACT

t hrough an appropriate internedi ate |ayer target
lnlté@#p6§PW¢6npgﬁéeawaéppﬂﬁﬁﬁﬁéﬁédAOQOdvépﬁéeﬂéﬁnﬁﬁé an

magnetic |ayer, disordering of crystal orientation in
exceﬂﬁ@nﬁaéﬁgﬂrﬁaéwelH?érobﬁﬁﬂpﬁﬁ grewhR 1gRage swgsgduced.

suppressed, and consequently an

In Embodiment 5, the nonmagnetic substrate was changed
from the chemically reinforced glass of Embodiment 1 to an
NiP-plated Al alloy; almost no change in the SNRm was seen

compared with the chemically reinforced glass substrate.

[0065] Upon comparing Comparison Examples 1 and 2, 1t is
seen that due to the degraded A650 value of Comparison Example
2, a satisfactory result for SNRm is not obtained compared
with Comparison Example 1. This is through to be because the
degraded AB50 resulted in a misfit between the intermediate

layer and the magnetic layer. Moreover, crystal grain
diameters are also worsened in Comparison Example 2 compared
with Comparison Example 1. This is attributed to the
inclusion of large gquantities of W and other high-melting-

point metals.
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excel | ent SNRm val ue was obt ai ned and noi se was
reduced. [0064] In Enbodinent 5, results substantially
the same as in Enbodi ment 1 were obtained, the 4050
val ue was kept | ow conpared with Conpari son Exanpl es
and hence atlsfact ory re ul ts r.e_obtai
006253 et Paa°p

a sénng s |sls SPPFT b 8 tlF% PS8R9 R3
more i &arl 1y nbOdl t hhrl% e lay pro%&b%&%lcular
Pgrﬁgglatg ayer ta ep &b nSgS|t|on gnd ]

proprlat A0S0 V Iue for th n ay
magn&?s&r&&r.nél%g stal® orlé%té¥? ﬁ:ﬁh<f T Eﬁ%e??%t overall,

omﬁh has uppr essed
and 3 Eekaénery an sx&&tﬁéaﬂfe%éw%% 335’/% B8 ueBhthde dayer
t he nonma

w e R R R s TPy Gttt B EERSHEBRY | g BENfofEed

gl ass of Enbodinment 1 to an N P-plated Al allog .
SeCUaipesErn6TéRARGE IPR PRENSNRIREs é@éﬁ vadhpaPédPRivRen 1.5

the chemcally reinforced glass substrate. [0065]
and Yponoeonparnign&onpar s geon, Exaspresrin@ndr 2cry&t4s

seen that due to the degraded A050 val ue of Conpari son

orleg%éﬁﬁb% i, tﬁesﬁhh%ﬁgqt%E%W%QSHEESEOBfSNB@‘h%gﬂ%%lc layer
obt ai ned conpared w th Conparison Exanple 1. "This is

can Bgr% %Br%@s@% b%ﬁ@uﬁ%dﬁgenoqggr%g%db%0§gdﬁ%%ﬂlteﬁeh@eathls
m sfit between the internediate |ayer and the

1nveﬁ%96%th% b@%ﬁ&s1N%O%%¥e%pp§E%%%%bng%é'Qar@b@@eﬁﬁb§ 8h8ive
al so wor sened npari son Exanple 2 conpared th

reco@@qﬁﬁrbﬁgﬁrg%@ggle Eor This ohs sabkhk Byt gd hact he
incl'usion of largé quantities of Wand other

charﬁbggrqgkﬁb@gatpﬁﬁah @%E@E%ln%8dEQQQQLeéCQQQQ'B%ekodemanded

this invention, by including™5 or
in recent years.
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nore inexpensive Zn in the internediate | ayer,
per pendi cul ar nmagnetic recordi ng nedia can be
fabricated at | ow cost overall, and by fabricating
the internedi ate | ayer and magnetic layer wth
prescribed conmpositions and structures, as well as
What{18 el edRed” 1on ntation plane (0002) A050 val ue of
between 1.5 and 4 for the nmagnetic |ayer, disordering
ofl .cr y®rabendicentat mennenitheecconirtiiab geowah pbhageisfing:
the magnetic | ayer can be suppressed, and nedi a noi se
can %%mr%gggﬁg.sﬁgg%§aEgLs invention is promsing for
appplcaﬁion 0 vari ous 1Thexpensive recording
appar atuses, for which superior nmagnetic
chasadtembghiets cabakikghar éegedi ngrdedshi éschavembgertic
demanded in recent years. 29 What |Is Cained Is: 1.
subsPerpendi cul ar magnetic recordi ng nedia, conprising: a
nonmagneti ¢ substrate; a soft magnetic backing | ayer
far on neti S r X .S e r )
f O HE0 00"V RE S0Pl CRnoRetlS BAtK NG IPSyaF, Eogkind laver;
internedi ate | ayer forned on the seed | ayer; a
magnehiterhayerteolprdrofotrhedi nhethedsaed Layer; and
a protective |layer formed on the magnetic | ayer,

erei he i i lay c ri , ak | W
R A N T
magnetic | ayer conprises an alloy with the hcp
str peptieetégnt abvieng fComedndnt hee485Qneslige LRoert he
orientation plane (0002) of the

wherein the intermediate layer comprises an alloy with

the hcp structure containing 55 at% or more Zn,

the magnetic layer comprises an alloy with the hcp

structure containing Co, and

the AB50 value for the orientation plane (0002) of the

magnetic layer is between 1.5° and 4°.

2. The perpendicular magnetic recording media according
to Claim 1, wherein the intermediate layer further comprises
at least one element selected from the element group
consisting of Ta, Mo, Mg, Au, Ti, Ag, Dy, Nb, Zr, Cr, V, B,

and Si.

3. The perpendicular magnetic recording media according
to Claim 2, wherein the fractional content of the element

group 1s from 10 to 45 ats.
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magnetic | ayer is between 1.5 and 4. 2. The

per pendi cul ar magnetic recordi ng nedia according to
Claim1, wherein the internediate |ayer further
conprises at Ieast one el enent selected fromthe

L,
B Koy 5y EeRpefIEyTei 89§8I1§ r?ﬁeN%%Paeﬁ F&a|a%bordlng
magnet d di
co SJJOOEHL 2GS0 TEOL0 oo pery Lo T

m.1 45 30 4 Th d
CompréESFdFEggﬁégua a%cs gyt s528cDeLPENEkeEher TR en% droup

. ereln t he gnetic layer conprises at
COHSPSE ﬁ% El-enent §é¥egg§d%fron1the el enent group
consisting of Pt, C, Si, and 0. 5. The perpendi cul ar
nﬁgnetEherpe@péhdgcmédkamagmemdbngecbmd@hgimedia according
wherein the magnetic |ayer has a granular structure.
to CBaithd, pehperdincuhar maggeeticc lrgear desgangdieaular
according to any one of Clains 1 through 5, wherein
struchereronmagneti ¢ substrate conprise any one of
alumi num glass, and silicon. 7. A perpendicular
magnet recordi paratus, . .co . .
e pendreuPSr P Ra G E y BEOP AT AG MearE e Acc e Ay SFEOTing
to anyyo%%eo%fng%hgslltkgggggh5§'w%erein the nonmagnetic
substrate comprise any one of aluminum, glass, and silicon.

7. A perpendicular magnetic recording apparatus,
comprising the perpendicular magnetic recording media

according to any one of Claims 1 through 6.
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