1 Perpendicular Magnetic Recording Medium, Process for Producing
Same, and Magnetic Recording/Reproducing Apparatus Technical Field
[0001.) This invention relates to a perpendicular magnetic recording
medium, a process for producing the perpendicular magnetic recording
medium, and a magnetic recording reproducing apparatus provided with
the perpendicular magnetic recording medium. Background Art [0002] In
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Recording density of & magnetic recording medium provided with the
magnetic recording apparatuses is greatly enhanced. Especially,
since the development of an MR head and a PRML techniqus, the plane
recording density is more and more increasing. Recently a GMR head
arnd 2 TuMR head have been developed, and the rate of increase in
“he plane recording density is about 30% to 40% per vear.

[G003]

There 15 still increasing a demand for further enhancing the
recording density in magnetic recording media, and therefore, a
magnetic layer having a higher coercive force and a higher
signal-to-noise ratio (5/N ratic), and a higher resolution are
gagerly desired.

In longitudinal magnetic recording medisz heretofore widely
used, a self-demagnetization effect becomes signilicantly
manifested, that is, adjacent magnetic domains in magnetic
transition regions exhibit a function of counteracting the
magnetization each other with an increase in a line regording
density. To minimize the seli-demagnetization effect, thickness
of the magnetic recording layer must be reduced to enhance the shape
magnetic anisotropy.

[0004]

However, with a decrease in thickness of the magnetic



2 recording layer, the magnitude of energy barrier for keeping the
magnetic domains approximates to the magnitude of heat energy, and
consequently, the heat fluctuation ogcurs, i.e., the recorded
magnetization is reduced by the influence of the temperature. This
undesirable phenomenon is said to put an upper limit on the line
recordation density. Recently, an anti-ferromagnetic coupling (AFC)
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magnetic recording layer'can be maintained at a certain level, and
thus, problem of alleviation of magnetization upon heating as
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wnmagnetic layer called as a soft magnelicIa¥et | 1 onoitudinal magnetic

reccrding media wherein the magnetization ocours in an in-plane
direction. Due to this characterisric, the undesirable
magnetization-counteracting function as encountered as an chstacle
for enhancing the line recording dengity in the longitudinal
magnetic recording medie can be avolded, and the magnetic recording
density can be more enhanced. Further, tThe thickness of magnetic
recording layer can be maintained at & certain level, and thus,
the problem of alleviation of magnetization upon heating as
encountered in the traditionzl longitudinal magnetic recording
media can be minimized.

{O00E]

In the manufacturs of perpendicular magnetic recording
media, 2 seed layer, an intermedizte layer, a magnetic recording
layer and & protective layer are usuelly formed in this order on
a non-magnetic substrate. Further, & lubricating layer is often
formed on the uppermost protective layer, In many magnhetic
recording mediz, a magnetic laver called as a soft magnetic laver
is formed beneath the seed layer. The intermediate layer is formed
for the purpose of improving the characteristics of the



is formed beneath the seed layer. The intermediate layer is formed for the
purpose of improving the characteristics of the 3 intermediate layer and
the magnetic recording layer, more gspecifically, for providing desired
crystal orientation and controlling the shape of magnetic crystals in the
intermediate layer and the magnetic recording layer. [0007] To produce
perpendicular magnetic recording media having a high recording density
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- n tt;g crystal orientation of the magnetic recording layer. Therefore, the
di Sfient of crystal orientation on the (002) crystal plane of

ruthebilii®gis essential for the improvement in the recording density of the

perpendigtidi: ze the disturbance of the crystalline orientation
in the magnetic recording layer, the intermediate layer in the
perpendicular magnetic recording layer has been comprised of
ruthenium having & hexagonal close-packed {(hcp) structure, which
ig similar to the conventional magnetic recording mediums, Inthis
magnetic recording layer, spitaxial growth of magnetic crystals
in the magnetic recording layer cccurs on the (002) crystal plane
of ruthenium and therefore the resulting magnetic recording medium
exhibits good crystal orientation (see, for example, patent
document 1, cited below).
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That ls, enhancement of crvsval orientation on the (002)
crystal plane of ruthenium in the ruthenium intermediate layer
leads to the improvement in the crystal orientation of the magnetic
recording layer, Therefore, the enhancement of crystal
orientation on the (00Z2) crystal plane of ruthenium 13 esgential
for the improvement in the recording density of the perpendicular
magnetic recording mediums. However, 1I the ruthenium
intermediate layer is formed directly on an amorphous soft magnetic
layer, the thickness of the intermediate layer must be large to
maintain the good crystal crientation. The large thickness of the



magnetic recording mediums, However, if the ruthenium intermediate
layer is formed directly on an amorphous soft magnetic layer, the
thickness of the intermediate layer gnust be large to maintain the good
crystal orientation. The large thickness of the 4 non-magnetic ruthenium
intermediate layer undesirably weakens the soft magnetic layer's
attraction of magnetic flux from a head. To avoid this disadvantage, it has
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deteriorated recording/reproducing characteristics.

[0010]

A provosal has been mads wherein a ruthenium intermediate
laver is formed on a (002) crys‘-:al fane~orientated Mg or Ti seed
layer with 2 hcp structure whereby the size of ruthendlum crystal
grains is reduced (ses, [or example, patent document 3, cited below).
However, this proposal still has a problem such that there is &
large difference in the lattice constant a of (002) orientated
crystal face between Mg or Ti in the seed layer and Ru in the
intermediate layer, and therefore the crystal crientation is poor,
This leads to increase in nolse and deterioration of
resording/reproducing characteristics.

Thus, in order to provide a magnetlc recerding medium having
more improved recording and reproducing characteristics, it is
necessary desired that the crystal grain size 13 more reduced, and
the perpendicular crystal orientation are more enhanced. Thus,
a magnetic recording medium having more improved recording and



recording/reproducing characteristics. Thus, in order to provide a
magnetic recording medium having more improved recording and
reproducing characteristics, it is nexessary desired that the crystal grain
size is more reduced, and the perpendicular crystal orientation are more
enhanced. Thus, a magnetic recording medium having more improved
recording and 5 reproducing characteristics, which can be easily
ro i ly desired. [0014]..P t 1; -61
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mag#etierecamigaager and tHES bcid2@Resrizdd as being capable of
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magnetic recording me&’lum aving the bove;_rpen’tioned beneficial
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magnetg r¢cording reproducing apparatus provided with a magnetic
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perpendicular magnetic recording laysr, and thus, characterized

ag being capable of recording and reproducing information withhigh
density. '

Another object of the present invention is to provide a
process for producing the magnetic recording medium having the
above-mentioned beneficial characteristics,

3 further object of the present invention i1s to provide &
magnetic recording reproducing apparatus provided with a magnetic
recording medium having the above-mentioned beneficial
cheracteristics,

Means for Solving the Problems

[0023]

In accordance with the present invention, there are provided

the following magnetic recording mediums, the followlng process
for prr::ducﬁing the magnetic recording medium, and the Zollowing
magnetic recording reproducing apparatus.

(1) A perpendicular magnetic recording medium comprising
at least a soft magnetic layer, a seed layer, an intermeciate layer
and a perpendicular magnetic recording layer, which are formed in
+this order on & non-magnetic substrate, characterized in that sald
seed laysr is comprised of a {002) crystal plene-orientated
hexagonal close-packed (hep) structure, and sald intermediate
layer comprises a first intermediate layer comprised of & (110)



(1) A perpendicular magnetic recording medium comprising at least a soft
magnetic layer, a seed layer, an intermediate layer and a perpendicular
magnetic recording layer, which aré formed in this order on a
non-magnetic substrate, characterized in that said seed layer is
comprised of a (002) crystal plane-orientated hexagonal close-packed
(hop) structure, and said intermediate layer comprises a first intermediate
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e, Os ang Zn. (4) he‘perpendlcular magnetic recording medium as
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{5} The perpendicular magnetic recerding medium as

described above in any one of (1) to (4), whersin the (110) crystal
plane-orientated boo structure constituting the first intermediate
layer comprises chromium as amain ingredient and further comprises
at lsast one element selected from the group conslsting of Pt, Ir,
pd, Au, Ni, A1, Ag, Cu, Rh, Pb, Co, Fe, Mn, V, Nb, Tz, Mo, W, B,
¢, 8i, Ga, In, Ti, Zr, HI, Ru and Rs.

{6) The perpendicular magnetic recording medium as
described apove in any one of (1) to (5), wherein the (110) crystal
slane-orientated bec structure constituting the first intermediate
laver is comprised of crystal greins having an average grain
diameter in the range of 3 nm to 10 nm.

[0016]

(7} The perpendicular magnetic recording medium as
described above in any one of (1) to (&), wherein the (110) erystal
plane-orientated bee structure constituting the first intermediste
layer has a thickness in the range of 1 nm to 50 nm.

(8) The perpendicular magnetic recording medium és



plane-orientated boc structure constituting the first intermediate layer is
comprised of crystal grains having an average grain diameter in the range
of 3 nm to 10 run. (0016) (7) The perpendicular magnetic recording
medium as described above in any one of (1) to (6), wherein the (110)
crystal plane-orientated boo structure constituting the first intermediate
layer has a thickness in the range of 1 nm to 50 nm. (B) The perpendicular
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[C018] ‘

{11y A magnetic recording 'reproducing apparatus provided
with a megnetic recording medium and & magnetic head for rscording
and reproducing an information in the magnetic recording medium,
characterized in that the magnetic recording medium is &
perpendicular magnetic recording medium as described above in any
one of (L) to (9).

Effect of the Invention

[0018]

According to the present invention, thers is provided a

perpendicular magnetic recording medium, which has & perpendicular
magnetic recording layer whersin the crystal c-axis in a hep
structure is oriented perpendicularly to the surfzce of substrate
with a minimized angle variation, and the ferromagnetic crystal
grains constituting the perpendicular magnetic recording layer
have an extremely small average grain diameter, and which exhibits
nighly enhanced recording density characteristics.



Effect of the Invention [0019) According to the present invention, there is
provided a perpendicular magnetic recording medium, which has a
perpendicular magnetic recording fayer wherein the crystal c-axis in a hcp
structure is oriented perpendicularly to the surface of substrate with a
minimized angle variation, and the ferromagnetic crystal grains
constituting the perpendicular magnetic recording layer have an
extremely small average grain diameter, and which exhibits highly
enhanced recording density characteristics. 8_Brief Description of the

Drawings [00R}]i8§. B8 eR5<LReRion MUY BRe example of a

perpepetcular magnetic recording medium according to the present
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invddf)arystal face-orientation of a boo structure. Fig. 5 is a schematic
illustggtion of an examplesf 1he L magnetic tesordng/lenodiciRg s 1
aég‘par fus according to @Ceﬁpr@s%rgjt i veention. Reference numerals:
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£adBagpetistecosdingrlayency Rrotectivertayer 10 Perpendicular magnetic
recogding megiun  LLMediunm-diyingatti e of (110} erystal
face~orientation of a boc structure.

Fig. 5 is a schematic illustration of an example of the
magnetic recording/reproducing apparatus acoording Lo the present
invention.

Reference numerals:

[0021]

Nen-magnetic substrate

Soft magnetic layer

Seed layer

First intermediate layer

Segond intermediate layer

Perpendicular magnetic reccrding layer
Protective laver

1¢ Perpendicular magnetic recording medium
11 Medium-driving part

12 Magnetic head

~d A T s e B

13 Head driving part
14 Recording-reproducing signal system

‘ Best Mode for Carrying Out the Invention

[0022]

The invention will now be described specifically with
reference to the accompanying drawlings.

As illustrated in Fig. 1, the perpendicular magnetic
recording medium 10 according to the present invention has a
multilayer structure comprising at least a soft magnetic layer Z2;



12 Magnetic head 13 Head driving part 14 Recording-reproducing signal
system Best Mode for Carrying Out the Invention [0022] The invention will
now be described specifically with #eference to the accompanying
drawings. As illustrated in Fig. 1, the perpendicular magnetic recording
medium 10 according to the present invention has a multilayer structure
comprising at least a soft magnetic layer 2; 9 an orientation-controlling
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théereo ré can’be mentioned aluminum’ alloy substrates predominantly
4+ comprised of aluminum such as, for example, an Al-Mg alloy substrate;
and gobgtates made of ordinary soda glass, aluminosilicate glass,
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Of thes_e, aluminum alloy substrates, and glass substrate gEQ&ﬁa -
me%%ﬁ%&%%@s%ﬁﬁ%@i% AMOPHOUS §las? Stibstrate are widely
Linised] proticigihassstbstr iR SanREseesishcdl pRSISIPSFafe SaRE ok
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example, an Al-Mg alloy substrate; and substrates made of ordinary
sodz glass, aluminocsilicate glass, amorphous glass, silicon,
vitanium, ceramics, sapphire, guartz and resins., OQf these,
sluminum alloy substrates and glass substrates such as crystallized
glass substrates and amorphous glass substrate are widely used,
As the glass substrates, mirror polished glass substrates and low
surface roughness (Ra) glass substrates, for example, those having
Ra < 1 angstrom, are preferably used. The substrates may be
textured to some extent.

[00z4]

In & process for producing the magnstic recording meclium,
the substrate iz usuzlly washed and then dried. That is, the
substrates are washed and then drisd for assuring sufficient
interlayer adhesion. The washing can be conducted with water.
Btening (1.e., reverse sputtering) may alsc be adopted for washing.
The size of “he gubstrates is not particularly limited.

r0o2s]

The respective layers of the magnetic recording medium will
be explalned. ‘

The soft magnetic layer is generzlly provided in many
perpendicular magnetic recording media. The soft magnetic layer
has & funotion of, when a signal is recorded in the magnetic



the substrate is usually washed and then dried. That is, the substrates
are washed and then dried for assuring sufficient interlayer adhesion. The
washing can be conducted with water. Etching (i.e., reverse sputtering)
may also be adopted for washing. The size of the substrates is not
particularly limited. [0025] The respective layers of the magnetic
recording medium will be explained. The soft magnetic layer is generally

recBE%gg %%H’ﬂ@ﬂy RERendicularmagnelic racolding mediey FReseithead
magnetic layer has a function of, WheQaS|%n lLisr orflgq_én t;}g shie
and A BEREiRd B H%?Wﬁéﬁdpﬁ?@gﬁ&ﬂ’cﬁ%% fetording frisgnetic o from
recatEaty daydmnpbsinde pegeicuRERAGHBtC FEEsMINY Held sahanced
e££MAGNRNIE, recording layer in the magnetic recording medium with
enhanced_ efficiency, The mateti et ISNOty .
parti BFaxrl}?/t ﬁﬁf%% fp/%vﬁ‘ gdsi?ﬁ%?égs%%ﬁ'négé%gﬁgg r‘goggﬁ)ﬁ%%%#gs‘é- %y

Lindsecir BRARPIAS theredf St PBERT MBREBREE Ve 8 aIB)SKE:
exaalyvs anereeT pZhalteysaf0o26k Thesett Fulnelit dayer (rétdfalsly s

Q ructure because the surface roughness (Re) is reduced
andgﬁﬂﬁgg:p%ﬁ% of a head is minimized, thereby more improving the

recor@%ehensity characteristics. The soft magnetic layer may be either a
singlerayesfr anagniitayermmppsed efankyonasoreriagepsrORes
s AxARPple thereof, hag.adpuktislay ercsirueisse WRereinsan extesaebnthiorils

. of non-magnetic material,such as Ru is sandwiched be Qff.
R POt R e A R R e
derRitgpareriageeriiss 168 thickness of the soft magnetic layer or layers is

appropsatelydetesmined dependingwpendhetatanceibriivedretee or a
recording/reproducing chataeteristics. of Jnetig fecording. layer-and
fmjttﬁé CBW%%&%“&%%S&@C%S ?he%%f,%%ﬁi‘?tg%?%%kn e%?slf of Ié%{l@sogt,
hasmaghelislayleF |8/ Wi KRR Aihgergremely thin Tilm of

non~magnetic material such as Ru ls sandwiched between two soft
magnetic layers, i.e., an anti-ferromagnetically coupled (AFC)
layer with 2 Ru spacer layer.

The total thickness of the soft magnetic layer or layers 1s
sppropriztely determined depending upen the balance betwsen the
recording/reproducing characteristics of the magnstic recording
layer and the OW characteristics thereof, but the total thickness
of the soft magnetic layer or layers ls usually in the rangs of
apout 20 nm te 120 nm.

[ooz7!

An orientation control layer having & function of
controlling the orientstion of the layer, formed thereon, i.e.,
the magnetic recording layer, is formed on the soft magnetic layer
in the perpendicular magnetic recording medium of the inventicon.
The orientation contrel laver has & multi-layer structure which
comprises = seed layer, & first intermediate layer and a second
intermediate laver, formed in this order on the soft magnetic layer.

The seed layer is predominantly comprised of Mg, Ti, Zr, HE,
Y, Ru, Re, 0= or Zn, and is preferably & (002) crystal
face-orientated layer having & hexagonal close-packed (hop)
structure.



about 20 nm to 120 nm. [0027} An orientation control layer having a
function of controlling the orientation of the layer, formed thereon, i.e.,
the magnetic recording layer, is foithed on the soft magnetic layer in the
perpendicular magnetic recording medium of the invention. The
orientation control layer has a multi-layer structure which comprises a
seed layer, a first intermediate layer and a second intermediate layer,
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preferalyly have an average grain diameter in the range of 6 nm to 20 nm.

The-scediaver piseralyhas asllyenessindle @asel Licckdamace
[00 The first intermediate layer'and the second intermedjate layer_are
LayRsAcs ik IRTRsGrdét Gﬁ%ﬁe%‘é?tflé’;?eFmetr?eeﬁ%é;?é’ﬁ& ré’&o?ﬁﬁn&‘%?\él‘&n%ﬁ

recaceQidingddion pesentinertionhEhpfastitternratisteotayefhgs B rst
1 e R0fyzcentered cubic (bao)stiyictiue, apgk thersecqpddntenmadialedayend
has a hexagonal cﬂliqsg- ckedf(h%% stkrétécture.r1 y‘ﬂectfrgl _‘b %ﬁggc} r&'}'}
the BRPtRp SHLRImE V@lﬁglﬁg?d BEhE ¢ P Ryer e firs ﬁ%ermedleﬁe
striayeeiand the second intermediate layer, as herein used, refer to the
crysiglling. siugiidre s vnslern arviranmeniah eondikens sthetein tegaxrd to
ol A AR AR (ot
{0 Bl OAENTRER Bol SRR G HER TS bohmbah
st dherseed layrlawhiahvisrafeR) sty stahplanesosentatest hoghstrosgme tand
reéqgﬁ%coﬂgégﬁgg%dﬁ@ ﬁ@e‘?f@ﬁ%&%ﬁ'ﬁ%ﬁ @02k Liystak,, at normal
plane-drientated a hop structure [0029)
LEmperacures.

More specifically, the first intermediate layer iz a (110)
crystal plane-orientated bee structure which intervenss between
the seed layer which is a (002) crystal plane-orientatecd nCp
gt ructure and the second intermediate layer which is also a (0C2)
crystal plane-corientated & hep structure

[0028]

The crystalline crientation of the magnetic recording layer
formed on the intermediate layers varles greatly depending upon
the crystalline orientation of the intermediate layers, and
therefore, the cryestalline orientation controllability of the
intermedizte layers is important for the production of the
perpendicular magnetic recording medium., If the average grain
diameter of crystal grains in the intermediate layers is adeguately
and finely controlled, amagnetic layer comprising magnetic crystal
grzins having an appropriate fine grain diameter can be
comtinuously formed, It issaldthat the finerthe magnetic orvetal
grains in the magnetic recording layer, the larger the
gignal-to~noise ratlio (SNR).

10030}

Crystal faces of a crystalline structure will be explained.

The (111) crystal face of z face-centered cublc (foc)



The crystalline orientation of the magnetic recording layer formed on the
intermediate layers varies greatly depending upon the crystalline
orientation of the intermediate layet8, and therefore, the crytstalline
orientation controllability of the intermediate layers is important for the
production of the perpendicular magnetic recording medium. If the
average grain diameter of crystal grains in the intermediate layers is

str%%%g%&e% direly, contralled, a magnetio layer compising aagneiic

crystal. grains having an appropriate fine grain dic meteg&an be , batri
A gEGHUETRRF FErACEe s afcP R e Sie the hAGR SthEer SET graifis
a2 leepmtagnetiC zesordifg layet aheilasgeotet $ignal-esnsiseeraic (SNRY.
111599%9%9%}?]}'3* ?329“@?%@&%&?%%%Hi;@&%@t%@@@m&%gﬁe (itthe
. .crystal face. of a face-centered cubig (fcc structure, whic, S
('L]i;'l?;h“éréfgg&}a '%rol‘rﬁ the %ﬁvgiﬁgﬁgf" rﬁgé%%ﬁcgr’%%gr(ﬁ%%%g%?%mgggﬁs a
facexagoh Haungrsiass leadmhdvinge3 skt or[d Kid/2 @ Vel face of
s feenstani}rasschematicallyniiustiatedindriga 2etvidichafacemis-phonected ©

" to@g%%h o%h%rﬂ The (111) crystal face is the closest packed face among
%e“crysf’a aces in a fcc crystal, and therefore, the (111) crystal face of a

fcc stivfefirk is preferentially orientated on an amorphous soft magnetic

layerrf@030p Thex Qa2 piryiiakiant of adeguunal closerpakie( hopr)
seAlHGIULe ig ilustrated.indsig; 2. Fhhe (902)wystaldaceohahexagerabs &

close-packed éﬂc% tructure forms’na h@xag ,which.is _similar t%tﬂ% is
hex3q9yerySiAIace c’éf?ﬂéttﬂ%ﬁ%‘?’u 1 SRR I B RR othar
sirdoaever, eaeh §1dE bf dreisxaghitef ((02) Erpstal fACEeTa hgpd 16
coﬁ}ﬁ@éﬁaetﬁ&aéa%iﬁagﬁégff"@%sw@@e(x@,o %%ﬁ)ﬁaﬁf?ee:aémaﬁadﬁmwe i9)
ROt Ot FLy Gy T ET TR SrddFe s fso reforibalies,
crypigntafede Boihofie @EDGYSIFacaldia I sHUBRRE: FRPRE(G6SF
amSFystaldaseetahersusicire tosmdhexagdrn, and thesetofereverns (L11)
crystal face of a foo structure is also preferentially orientated.
Both of the (111) crystal face of & foo structure, and the (002)
crystal face of & hop structure form hexagon, and therefore, even
whan the [002) crystal face of a hop structurs formed on (111)
crystal face of a foo structure is not sufficiently thick, a high
degree of crystalline orientation can be cbteined. In many
comventional magnetic recording mediums, attempts have been mace
to improve the crystalline orlentation by using two materials one
of which has a feo (111) crystal face having a sige length of 4/
2 x a/2 and the other of which has a hep (002) crystal face having
& side length of “&”, whersin the two materials are chosen so that
the difference between the side lengthe V2 x a/2 and “2” is small.

[0032]

However, it is necessary for improving the recording density
of & magnetic recording medium to render the crystal graing in the
magnetic recording laver small as well as enhancement of the
crystalline orientation. In the case when the fcc hexagonal (111)
crystal face and the hop hexagonal (002) crystal face are superposed
upon another, the crystal grains are grown smoothly and the
crystalline orientation is enhanced, but it is rather difficult



when the (002) crystal face of a hcp structure formed on (lll) crystal face
of a fcc structure is not sufficiently thick, a high degree of crystalline
orientation can be obtained. In mangy conventional magnetic recording
mediums, attempts have been made to improve the crystalline orientation
by using two materials one of which has a fcc (111) crystal face having a
side length of r 2 x a/2 and the other of which has a hop (002) crystal face
haV| a side lenqgt t
Lotira Bt S S BRSO
Howé%wli is necessary for improving the recording density of a
magRetisaecording meadinhséd refderghererystal gradris:in shehnifggtior

71 '8erding layer. smallas well asenhancementofihes srystaliif ec in an
orlentatlon In the caseé/hen th fcc hexagonal Ig) crxshalf ce and the*

mtf%‘ﬁ" rrYBB2) LI FREE A sUPSr5aEEd “tpbh ano“t
racirystah mmmmammm@a@waw@w%ﬁ%ﬁaﬁ i-‘sewad
ext@ianeed, buti '%lé@f@féﬂﬁ@%%e;ge@ﬁ@ﬁ@mﬁ&idé eprysialgrain in
netic rec ling layer r r o]
‘J'Sygfa‘i‘%ralﬁfs%%c as Mggor u:"[I“?ex Q% its poor%nﬁ%%@%é%%% Ig%rge,
ancbmrmad@w@aq%%ﬂ%@rhﬁé%@%yéﬁ a%ﬁtﬁ%?@%%%ag%e e
to Hthenwmesystalcgiainslinihe intenmediete dmyerlearn beceasitys reduced s
sire nt,.out,the difference between the lattice constant of
Elél%%enlu%r‘n éar(l;gid’t at oﬁhe%%a%e%als for the seed layer is large, and thus
the crP&fline orientation in the magnetic layer tends to become poor.

Crystalline structure an@idaitécel constants of elements are shown in Table
1. (0034] Table 1 Element Crystalllne Structure l.at46c(r)(AConstant a x

o,

2.

Okl

Bl gg’;g“mm?: Tolios ooy 1 /B xa/2) (A)
Mg hop 3.21 -
Ti hop 2,85 .
Zn heo 2668 -
Y foo 3.65 -
Zr hep 3.29 -
Ru hep &1 -
¢ has 3.20 -
He nep. 2 76 -

Y bee 3,03 262
O boo 281 252
N bog 3.30 2.86
Mo bog 318 2.73
Ta bee 2,30 2.86
W hoo 317 2.78
(00353

The (110) crystal face-crientaticon of & boe structure in the
first intermediate laver of the magnetic recording medium sccording
to the present invention is schematically illustrated in Fig. 4.

In & hexagon of the bce (110} crystal face, three sides
therecf have & length of “#” and the other three sides have a length
of 2 % &/2, namely, the {110) crystal face is not equilateral.
This is in a striking contrast tc the above-mentionsd foco (111)



Zrhe 3.23 - Ruho 2.71 - Hf he 3.20 - Re hop 2.76 - 0s h .73 V boo 3.03
2.62 Or boo 2.91 2.52 Nb boo 3.30 2.86 Mc boo 3.15 2.73 To boo 3.30
2.86 W boo 3.17 2.75 [0035) Theyf10) crystal face-orientation of a boo
structure in the first intermediate layer of the magnetic recording medium
according to the present invention is schematically illustrated in Fig. 4. In
a hexagon of the bcc (110) crystal face, three sides thereof have a length

cr iy SBLGAIRINEEACERNIRE HEO £l [ B2 32 AL D ne

Crys ace | hisIs'in a st Ing con

{Lidbogayetiofrericks( e f&aéﬁfsﬁapﬁéa@gna% (B09) ERfdtal PG CRF
(11he bopmrystdlthe 1@ Iedystat-facklip theiadnsestpacketifacesand02)

ml@il@j thedace,,(149) g@éﬁ%@%@ is prefesantialiy origntatedantha hop «he

crystal face in the seIO % yer. In contrast, he as%mmetry Of the
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m;tpmmal‘c@mwthymw%m‘-{ht& asyhwmeretry, niakbs & SGOMEDLYIohatth%a
coﬁ@@i@)@&t{ehof;%ﬁ@ @in sharbne ﬁyatﬁym@rigaéa.ﬁorse@a be

mprgved rlatey b Iapcm the Iat e constan t of the
cryst?ﬂ? i é%@%q § ayer ?I%%i’;\fwflcregconstargfgn r:r’ﬁ %eb o cr?sfr ??%ﬁ%ﬁ,ely
balippeineimediate- iaperad #98 rftidesceri I 5 36 REF0R/SRAT FPiRE
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m@arﬂ%o#@ta RBVE BppPEXih ABRthe: S ar8aCFhe oSt
or ianentation imthehhep/bee baniredes can be obtained by seiect:mg the

materials for the heop (002) crystals and the bec {(110) crystals
s0 that the hexagons in Flg., 3 and Fig. 4 have approximately the
same area. The crystalline orientation in the hop/beoc laminate
is better than that in the hop-hep laminate. By attaining the good
erystalline orientation and the appropriate control of crystal
grains in an orientation control layer comprising the seed layer,
the first intermediate layer and the seccnd intermediate layer,
magnetic crystal grains in the magnetic recording layer formed on
the second intermediaste layer can be controlled and the crystal
o axis [002] axis thereof can be orientated perpendicularly te the
substrate surface with minimized dispersicn of angle and with &
nigh efficiency.

[003¢e]

It can be evaluated by the half value width Al{delta) 00 of
a rocking curve whather the cryetalline c-axis ([002] axise) in the
magnetic recording lever is corisntated in perpendicular to ':he,
substrate surface of the magnetic recording medium with minimized
disturbance of angle, crnot. Thehalf value width 4950 of a rocking
curve is determined as follows. A magnetic recording layer formed
on & substrate 1s analyzed by X-ray diffractometry, 1.2., the
crystal face which 1s parallel fo the substrate surface is analyzed
by scanning the incident angle of X-ray to observe diffraction peaks
corresponding to the crysteal face. In the perpendiculsr magnetic
recording medium comprising & cobalt-based alloy magnetic material,



is better than that in the hcp-hcp laminate. By attaining the good
crystalline orientation and the appropriate control of crystal grains in an
orientation control layer comprisingghe seed layer, the first intermediate
layer and the second intermediate layer, magnetic crystal grains in the
magnetic recording layer formed on the second intermediate layer can be
controlled and the crystal c axis [002] axis thereof can be orientated

cryQEIRRiHaly. gl suhsliats sace b gedikspeison aloo)
angleand with a high efficiency. 9036] It can be ev%luugted by thg aaéfe
of VhRIGGRIATEHEEHASE PEREERMT CaR & Rhetfic PHRS bATSRIIf &6 35508
thefloftaxiskirkthet trdgnetc ren itintRR e ciyS e SRR A PR ARETEE R
ThelO£hE _c?g&'?fé@fesé}é’{%?i%f fhesmageelicrecardingdnogdhsrmeiib surface
.minimized disturbgnce of qﬂnglle,h rn%aip%gaftv%%g/ég{g fél??%%fi?ﬁed.
Whlﬂﬁcﬁiﬁﬁagﬁﬁﬁﬁi%lg%ﬁ%dlag% BWSYA nTAgRetic recording fayer i
Thefothidd 20l tosuBsiralesiscan 8l Zeekby 00t ay ShifidonfaRp i+ fte VEystal
chefagendich ispacallelie the:suastratessarfate ismarialyzed iisy sbarméng the
ara SoERlANe O L bsene diftactin pesks caisspandnasin e
rystal face %int the perpendicu ar magneti¢ recording medium com rising
I£ ehgolfiIRbase tiley Avashate MABAAL RS KA ERtRIGH AT eSS
2 ritihe diteston dithe ehxiv|GdRbef thedis stetturdis perpensiculds
£ndO e sUbSYaLe suHace, thereforpqpgaksAltriiieddo a-tiidhervsiabe
Jface are observed, Thgn %e oplilcal system i sv\?[,m rel tlge Ctg ti\h%j
Wit BsERPEmfatie MRTE FRIRG g NG Gt ESting HLe%(oo Crys Ttace is
or iraintaimedirThba Hraptor inekEiyiatTiss (0P eppsiantabedé it dtobe
evdDeaaRgleat Waichathesopticghsysiem ieDelineddsplotiesltos ¥aW af the
rocking curve with a center at a swung angle of zero degree. If the (002)
m%ﬂﬂ%&&&@% are in parallel with the substrate surface, a rocking curve
with &081¥&rp shape is obtained. in contrast, if the (002) crystal faces are

broaglly distripieteskadineking anyacwith adroadiynyidestidshapetise
sropiained Thus, fhe 8”%‘8& g@%@&atmg_@%ge&eggi%%%g Retig1 10y
“*Yecording medium can be evaltuated on the basis of the half value width
hawi@sih)880or tReystal plane-crientated hcp structure, & ILrST
intermediate layer comprised of an element or alloy having a (110)
crystal plane-crientated bec structure and a second intermediate
layer comprised of an element or alley having s (002} crystal
vlane-orientated hop structure are formed inthis ozder. Therziore,
the magnetic recording medium exhibits a small delta €50 value as
compared with the delta €50 value of & magnetic recording medium
having an orientation control laver comprising only & gingle
intermediate layer comprised of an element or alloy having a (00Z)
crystal plane-orientated hop structure.

[O038]

The first intermediate laver having the (110} crystal
plane-orientated bec structure is preferably predominantly
comprised of chromium, More preferably the first intermediate
layer comprises at least 60 atomic % of chromium. The (110) crystal
plane~orientated layer with a bee structure constituting the first
intermediate layer may further comprise at leasi one element
selected from the group congisting of Pt, Ir, Bd, Au, Ni, Al, Ag,
Cu, Rh, Po, Ca, Fe, Mn, V, Nb, Tz, Mo, W, B, C, 51, Ga, In, Ti,



rocking curve. [00371 In the perpendicular magnetic recording medium of
the present invention, a seed layer comprised of an element or alloy
having a (002) crystal plane-orientated hop structure, a first intermediate
layer comprised of an element or alloy having a (110) crystal
plane-orientated bcc structure and a second intermediate layer comprised
of an element or alloy having a (002) crystal. plane-orientated hop

7y, SHYCIUEE atesfagged in this order. Therefore, the magnetic recording

mediym exhibits a small delta 850 value as red with delta 850
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Structure 1s preferal yEne ominantly ‘comprised of ¢ ror%%m, More
CONSEERIIHINEN T SE B FmetiraE Reyd -CortbY RE AR EE R0 AbRTIcs of
thichroseisnnTbrg 13 prystil-lplemetorigftated layer with a bece structure
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rugﬁgzﬂr%irggﬁn@g%@ @y@ﬁé&@ﬁwﬁg@@f@fyst@b gr@aws'meferabl)(/) )having

an ayerag in diameter in the ran 1 Ihe (11

crysté Elaﬁ}eg-%iieﬁgfset& 5c@rﬂé?ﬁj%ctl%@gggo%s%ﬁ%#gghg%F iﬁ?egkémediate
conlapét prRgauI ResanthiaareaieRitiesrafeof § ARTRF 585 THEVEIt)
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thickness in the rangs of 5 rm teo 15 rm.
(0038 '
The perpendicular magnetic recording laver is providad for

recording & signal thereon.

The perpendicular magnetic recording laver in the magnetic
recording medium of the invention is comprised of a magnetic
materizal such as cobalt alloys. The cobalt alloys may or may not
comprise an oxide, and, azs specific examples of the cobalt elloys,
there can be mentioned CoCr, ColrPt, CoCrPt-0, CoCrPt~Si0s,
CoCrPt=Crals, ColrPt-Til;, CoCrPt-Ir0;, ColrPt-Nbp0s, CoCrPr-Ta0s,
CoCrPe~Ala0s, ColrPt-B,05, CoCrPt-WC;, ColrPt-Wos, CoCrrtE,
ColrpiB-X and ColrPtR-X-Y, whers ¥ and Y are oxides such a8 Lhose
which are recited for the ColrPt alloy.

The perpendicular magnetic recording laver preferably
comprise at least one magnetic layer having & granular structurs
comprising ferremagnetic crystal grains predeminantly comprised
of cobalt and further comprising grain boundaries comprised of an
oxide. In this granular structure, the magnetic mutual action
among the cebalt grains is weakened by the oxide grain boundaries,
which leads to reduction of noise. The recording and reproducing
characteristics of the perpendicular magnetic recording medium



constituting the second intermediate layer is comprised of crystal grains
preferably having an average grain diameter in the range of 3 nmto 10
nm, The (002) crystal plane-orientated hop structure constituting the
second intermediate layer preferably has a thickness in the range of 5 nm
to 15 nm. [0039'1 The perpendicular magnetic recording layer is provided
for recording a signal thereon. The perpendicular magnetic recording

layer in the magnetic_recording medium of the invention is ¢ ised.qfa
S AR e B o B e e
of thmprrgnahioxideranding spB@hc examples of the cobalt alloys, there

can begaentioned CoCr, CoCrPt, CoCrPt-O, CoCr?t-SiO2, CoCrPt-Or
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ove, Therefore, the intermediate layer preferably has a roygh surface,
L BT ABAHERF LY ST oG T ROPEA SR TR o dhtE” By sy
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a l%?vdg%%n%?:%%%ﬁﬂ 23 g}%at e %énc%%téog%germediate layer is formed st
& high pressure,

[0041]

The respective layers in the perpendicular magnetlc
recording medium according to the present invention ars usually
formed by & DI magnetron sputtering method or an K gputtering method.
Imposition of RF blas, DC bias, pulse DC or pulse DC bias can bs
gdopted for sputtering. 2An inert gas such as, Lor example, argon
can be used as sputtering gas, to which O gas, K0 or N; gas may
be added. The pressure of sputtering gas is appropriately chosen
for the respective layers so as to give lavers with the desired
characteristics, but, the pressure it usually controlled in the
range of approximately 0.1 to 30 Pa. An appropriate pressure can
be determined depencding upen the particular magnetic
characteristics of magnetic recording medium.

[0042]

2 protective layer is provided so as to protect the magnetic
recording medium from being damaged by the contact thereef with
a head, The protective layver includes, for example, a carben layer
and a Si0; layer. A carbon layer is widely used. The protective



granular structure comprising ferromagnetic crystal grains and grain
boundaries comprised of the oxide is obtained. However, adoption of too
high gas pressure leads to deterioidtion of crystal orientation of the
intermediate layer and sometimes results in an intermediate layer having
a too high surf ace roughness. Therefore, to satisfy both of the crystal
orientation and the surface roughness, itis preferable that the first

5 Of; -y 8e0i1¢ Lasma
R @?orﬁé%%%ﬁg%‘%ﬁfi g
VORI thebr e BRI PRy AT ACToRIRFED L1
methreseld ipvenfiien greussually fosnedtbyaal€-magnetron sputtering

melﬂ?f?% %r?i%%ﬁﬁ%ucggr mmg@dedlm@?;i% fsRElhiasi PEhiagange
pulse 0 S ias.can be adopted. for sputtering. nert.g
of ?ﬁ@r‘?%&@ﬁggg plgparﬁo%%c n bgrue;.%dr g%%%ﬁ‘?tg#ng}gas, i) Wﬁtldér?%ﬁe
prefasab2D or MR gasémay- be added. The pressure of sputtering gas is
approppiately chosen for the respective layers so as to give layers with

the desired, characieristics, %&g@@&gfésaée is,usyallycontrolled, ingthe, .
range of approximately 0.1 to 30 Pa. An appropriate pressure can be

ARG TRRETRRS G55 TR PR R B I BEREEE o GG u B

1 1imagnetied ecording. niediufhz[06t2 A protsstiveilayer s providedso as

apriQHOIGL AR Mmagnetic, reeesding mediymaftomoing damaasthBYEE um
contact thereof with a head. The protecgllve layer i u%es 1::9r .exampj%ea
el -

10 @fbonmiayer il a 8i025ayer. A CATbEh iRy BF K-witely trset. The 2
magpretectiie ¢8rityer cwdbafokndd: bybforcdamplie rasplite rfeietAbE or
ST T o
i e st e e e
thepregdiamhi® nm keecTABkE AR refdraBl DITRPD BnTae0as] crigad
12 conglitusivg-akanexarpple of the magnetitaesotdingting medium 10; and
s recording-and-reproducing signal treating means 14, '

[0044]

The recording-and-reproducing signal treating means 14 has
a function of transmitting signal from the outside to the magnetic
head 12, and transmitting the reproduced cutput signal from the
magnetic head 12 to the outside,

As the magnetic head 12 provided in the magnetic recording
reproducing apparatus according to the present invention, there
can be used & magnetic head provided with & reproduction element
sultable Ffor high-magnetlic recording density, which includes a
magneto-resistance (MR) element exhibiting ananisctropicmagnetic
resistance (AMR) affect, & GMR element exhibiting a glant
magneto-resistance (GMR) effect and & TuMR slement exhibiting a
turnneling magnete~resistance elfect,

LXEmpiles

F00¢5]

The inwvention will now be described specifically by the
following exanples.

Exampole L, Comparative Example 1

A glass substrate for HD was placed in a vacuunm chamber and




reproducing apparatus according to the present invention is illustrated in
Fig. S. The magnetic recording-reproducing apparatus comprises, in
combination, the magnetic recordipg medium 10 as illustrated in Fig. 1; a
driving part 11 for driving the magnetic recording medium 10 in the
circumferential recording direction; a magnetic head 12 for recording an
information in the magnetic recording medium 10 and reproducing the

o RCH PR SR ne0D )0 alceb i ser S ppovnu e

Ina relatlve motl € mag netic recordlng me
Pa. 10: &0 ta PEOBRIAG-ARYFEpFOTRE AT SigRAl E@Eﬁﬁﬁ rﬁeénealw{@om]
+hidhesecotlipy-andveeprodueingsighal thatnguisnetd basspufubetiongof

2t Jansguiing g@?&d&% e0utside fo the magpetic chsadile.and

transmlttln he reproduced output signal froni the magnetic head 12 to
the 60R4&E. As the magnetic head 12 provided in the magnetic recording
reprodecingsaprniavsaconpingao the Presdhnt ifdentidie tHarExmmrbes

Lyses a magnede bead sradded,uith aropadreioselement suitahie fag
_Fn netj ecordln d ”S'tg/ |ch mcludgga m ?neto reS|stche
& “ﬁ%/%‘l ?g%‘u #c rﬁ%‘huﬁa ARisotropic magneflc Tesis nce éffect,
spUBGNIRS R e Nt SEHSIE Ry a3saRe ﬁfagnété’éeé%%@@@@wm@%% a

TUN@%&@W@M a tEnpetingimagreioresistanes effgptised of
xam [ ill no ed fically.
13 %W%S%&%m%%g%i e L v BT e G

by agxammas Slacess %%ﬁaﬁwa«?&n%e? dhHHL 6" e EFPHGETREE e TS -
Theg\iagHated tira ceduced pydssure afieidretl 6 RRLGY S Pa haseftmaynetic

and ﬂ%@iﬁ%@ rised QL Co Ladrand having a-thickngss- ot pOmwas-lormat

on the ass substrate b% sputtering_at a reduced pressuré of 0,6 Pa in an
PTEFAIT atimosphate HO0HE12THEN & YERPESEF comprised of Mg, Ti, Hf or

Re (ImBxsggesnd intermediate layer, a magnetic ::ecordmg layer
comprised of 90 (CoCr20Pt)-10(Ti0;) and then & carbon protective
layer were formed to give a perpendicular magnetic recording
medium,

(0047

For comparison, & comparative perpendicular magnetic
recording medium was made by the same procedures as mentioned above
except that a seed layer, a first intermediate layer and & second
intermediate layer were formed under the following conditions. All
other conditions remained the same.

Beed layer,

Thickness: Trm

Composition: Ni with foo structure (Com. Ex. 1-1)
Cu with fec structure (Com. Ex. 1-2)
Pt with feceo structure (Com, Ex., 1-3)
My with hep structure {(Com. Ex. 1-4)
i with hcp structure (Com. Ex, 1-5}
Hf with hep structure (Com, Ex. 1-8)
Re with hop structure (Com. Ex. 1-7)

Sputtering at 0.6 Pa in Ar atmosphere
Firgt intermediate layer,
Thickness: 10 nm



1-1, 1-2, 1-3 and 1-4, respectively) with a hop structure and having a
thickness of 7 nm was formed on the soft magnetic layer by sputtering at
a reduced pressure of 0.6 Pa in arg@rgon atmosphere, On the seed layer,
a first intermediate layer comprised of Cr with a boa structure and having
a thickness of 10 nm was formed by sputtering at a reduced pressure of
0.6 Pain an argon atmosphere. Then a second intermediate layer
comprised of a.nop structure and having a thickness of 10 nrr,
was for)'%rr%1mﬁ%§lirE utt%nk%%fat a reduced pressur%of 12 Pa in an argon

atmosp?'@#‘ét@"ﬁ*—ﬂ% &acBnf iRferthedft RSP 25 agnetic recording layer
compsisentof 99CnE28RY-18¢EDz) and then a carbon protective layer
were fofm_e&}g,gg/e agoegpendicular magnetic recording medium. [0047]
For comparlson a comparative perpendicular magnetic recording
medlurﬁmﬁa&é’ y B same procedures as mentioned above except
that a stweklegeing first iefhediatblagshapBanesecond intermediate
layer weygjfarmed under the following conditions. All other conditions

d t
SHOS (Con B LA ChpaTeIce Bt atte (L B 10 PO

in Beardres(Com. TECRB) MG iR HEFRR R B CHPRE% 4y TTT WAt o
1= 7haa§tmuw(@oﬁn Ex 111 twith dsrap stoctder@orepEsdicdiRe

cnaQiBIAR stch e (Cage B &7) SpuierngatdfiRagAcatmesphete
irst' intermediate er Thmkne s:10n ositlon; Ru

S RERRPAE SRR SN Sacnd T %réﬁ‘%é?mm
whithicknessydiDahe from GUZIK, US. Further, magnetostatic
property (i.e., coercive fores Ho) of the perpendicular magnetic
recording mediums was evaluated using a Kerr tester.

Crystal orientation of the ferromagnetic cobalt-based alloy
crystal graine in each magnetic recording layer was svaluated by
the half value width A{delta)850 of z rocking curve using X-ray
diffractometry. Average diameter of magnetic cobalt-pased alloy
crystal grains was measured on a plain TEM image of the magnetic
recording layer.

The above-mentioned parametsrs are widely used for
evaluating the characteristics of perpendicular magnetic recording
medivms, The evaluation results are shown in Table Z.

[004897

Table 2



composition: Ru Sputtering at 12 Pa in Ar atmosphere [00481 Each of the
perpendicular magnetic recording mediums made in Examples 1-1
through 1-4 and Comparative Exa#iples 1-1 through 1-7 was coated with
a lubricant, and recording/reproducing characteristics thereof (i.e.,
signal-to-noise ratio SNR) were evaluated using Read-Write Analyzer
1632 and Spin Stand S1701MP, which are available from GUZIK, US.
Further magnetostatrc property (| e., coercwe force Ho) of the
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22 (0050) As seen from Table 2, the inventive magnetic recording
mediums having the hcp/bcc/hep orientation-controlling layer in Examples
-1-1 thru 1-4 exhibit crystalline orieggation approximately the same as or
larger than those of the comparative recording mediums having the
fcclhep/hep orientation-controlling layer in Comparative Examples
1--1thrul-3. Further, the inventive magnetic recording mediums have
mag,rqﬁ%tgbé:obalt alloy crystal grains of smaller size and thus exhibit larger
signal-to- oise__ ratio (SNR) than tho{se of Lh‘e co%%)arag\_(e mgggg&gn
recdHBliriG Sheths. Fhetintentive mabRetie recSrding maditims hav
mediheshtpidcuthchorterpdiion/dutrotihgiaget imExanigles MAthhpyes in
Exaﬁg}y%gﬂﬁgi;e%mbﬂh a&%m&ta&dgyam%&mpwimemm same size
as those qf the comparative recording medi vinRg
R e S e ik
mcmm,mﬁdim@@@’&ﬁ%@iéF@e&%@‘?ﬁ’e@ﬂfrﬁ?@?ﬁﬁﬁt’%ﬁm%mg
LayBHenizlianapprovianatehiihesanerasand Shuskiarges SNR¢nvtiuseef
maofsk S2MIAUANE D AGRSHGIE AU BRALIRS M EXEERPIerdscal
8ompar§tlve xample 2 Perpendiculal magnetic recording mediums were
Trag R e P SBESRt Fh e-Eh BRI S2 T GBI T E el
ratlantENRoMpaativeddampld is witemiraiie varns Fottha gt CaTazr
med'ﬂxﬁé.""ith 50 nm thickness was formed on the glass substrate by
sputtering under, the same conditions; a seed I@é%cowgyﬁ? %Mg with
a hop &ttt sre-ang ﬁ%ajﬁiéﬁﬁé}gg 77 A was Torimed By Sputterin
hepuider thgp sarhentaiditonscatret BEistiadayerempRssd bREY oF
havediRetwhichhasthe compesiten, shows beaupwithinhed strhetsrene

. .and having a thickness of 10 nm.was formed. terin X they,
SLi&ame é‘&?%ﬁoﬂé? e asanméD %zé%rgﬁggl‘nféﬁrngggé% %%%F%g%fﬁ%f Ru
heauhi/ bep SIUSITE ARINAYTE Bthickhe3¥ e8! To THHRRAS Torhed B2

1~ SRUkrngynder; e same wonditiens: the reametrhagretizracoy ding layer
exHibP rc.l:&?’:%%Qéfgéggg%oe%gﬂgﬁogﬁproximateiy the same &8 and thus
larger SNR than those of the comparative nmagnetic recording
mediums,

[005L]

Example 2, Comsarative Example 2

perpendicular magnetic recording mediums were produced by
substantially the same procedures ag menticned in Example [ and
Comparative Example 1, wherein the same soft magnetic CoTair layer
with 50 nm thickness was formed on the glass substrate by sputtering
under the same conditions: a seed laver comprised of Mg with a hep
structure and having a thickness of 7 nm was formed by sputtering
under the same condifions; a first intermediate layer comprised
of Cr or & Cr alloy (which nas the composition, shown below) with
8 bec structure and having & thickness of 10 nm was formed by
sputtering under the same conditions: the same second intermediate
layer comprised of Ru with a bes structure and having # thickness
of 10 nm was formed by sputtering under the same conditions; the
same magnetic recerding layer comprised of 20 (CoCr20Pt)-10 (T1i0z)
and then the same carbon protective laysr were formed by sputtering
undsr the same conditlions.



and then the same carbon protective layer were formed by sputtering
under the same conditions. 23 The compositions of Co or Cc alloys used
for the first intermediate layers in Egamples 2-1 thru 2-9 and Comparative
Examples 2-1 thru 2-8 are as follows. Example 2-1 Cr Example 2-2
CrlOV Example 2-3 Cr1OW Example 2-4 Cr1OMn Example 2-5
Cr30Ru Example 2-6 Cr30V Example 2-7 Cr30W Example 2-8 Cr30Mn

E 1
c. TR Coheel 1 e ?’i;%’nfé’g{%&s B Conpr

LNt EIEIEVe CRRZEX-1- FETTONI Com BX21% CrioR S RRE e '
ExanhicsilinlattyiCEHO VE e Barfiple.2wB refers to that the content of
vanadigm. in.the chremium alloy is 10 atomic % and the content of

chromluméhee% E]alg @) I. e., 90 atomic %. This expedient expression
appIFéia{PP & ¥|s of the other chromium alloys in the other

exarfiptegraaddhe c&ﬁ&?atlve examples. [0052] Signal-to-noise ratio
(SNR)zearsive-forea-{idahand half value width A(delta)950 of a rocking

curvg, of t tl% pgr engj:% magnetic recording mediums were evaluated.

The ‘F"esaﬂi s are shown In Table 3. [0053] Table 3 24
Example 2-86 Cr30V

Example 2-7 Cr30W

Exarple 2=~8 Cr30Mn
Exanmple 2-% Cr30Ru
Com. Ex. 1-1 Cr30V
Cem., Ex, 1-2 Cri0W
Com. BEx. 1-3 Cr50Mn

Com, Ex. 1=-4 Cr3QRu
Com. Ex. 1-5 Cr70V
Com. Bx. 1=6 Cr70W
Com, Ex. 1-7 Cr70Mn

Com. Ex. 1~8 Cr70Ru

Note, “he chromium alloy “Cri0V” in Bxample 2-2 refers to
rhat the content of vanadium in the chromium alloy is 10 atomic %
and =he content of chromium is the balance, L.e., 90 atomic &. This
expedient expression applies to the compositions cf the other
chromium alloys in the other examples and the comparative examples.

(0052]

Signal-to-ncise ratio (BNR), coercive force (Ho) and half
value width A{delta)eB0 of a rocking curve, of the perpendicular
magnetic rezording mediums were svaluated. The results are shown
in Table 3.

[00B3]

Table 3



~oon sample Seed Layer AM Intermadlete Interm lata SNR Hr 50
(strunture) Layer (at%) Layer(structure) tdE) (Oe) (dm) 96.64 3632 3.1
Example 2 -1 Cr Exam it 2 Cr OV %G,43 3782 3.0 Exam a Cr1Ow 16.62
3570 3.0 Exampl62-4 Orl OMn 16.77 3487 2.8 Exam a Mg(hop) Cr10%
w(hop) 16.52 3527 3.2 Exam is2fi Cr30V 16.41 3799 3.1 Examie 7
Cr30W 16.55 3556 3.2 Examp a2.8 Cr30W 16.57 $461 2.9 Exampia2.9
Cr30.1.16.23 3509 3.4..Co. Ex.2.1. 000V 15.72.3627.3 \\L
15.24 35b§két Qefanifiat fsa@nBONIIYS 68 33088/ Go; Hie 2.4|MiEBSD)
BB RU | Rt (hia) 1426 3080 4 Sy atrisierdd. 8 GOV 115 8263520 452eCo.
EraRnR QT TOW IZ 78 5@?5 29 Co BT CTRERI 1B 4@5@75 5.55¢€0.
OORU 15,66 RS 7 0054 As seen 5B Tablq'&zwh JalieT)

af chromium i wCr alloy in the first St IngcIne dla_éﬁ’myer is ap

€ grystalline oriEnteIPh is| pod#gand the SR

ing mediums yefé.6
Ires as mentignetg
ein the same soffig
on the glag srafie. ien)
) seked laver compriliéfof |

Pl 34, respectively

Corkded-fhe

Cheiingy T thickness - i :_‘:“'; s formed by sputlshE
HArsnpelieh nfosaiie 1 isg

and having

GF?GMﬁ
Sr70Ru

[Q054]

As seen from Table 3, when the content of chromiwm in the
Cralloy in the first intermediate layer 1s smaller than 50 atomic %,
the crystalline orientation is poor and the SNR becomes undesirably
amadl.

[Q055]
Exemple 3, Comparative Example 3

perpendicular magnetic recording mediums were produced by
substantially the same procedurss as mentioned in Example I and
Comparative Dxample 1, whersin the same soft magnetic CoTaZr layer
with 50 nm thickness was formed on the glass substrate by sputiering
under the same oonditions; a seed laver comprised of Mg, Ti, HI
or Re (in Examples 3-1, 3-2, 3-3 and 3-4, respectively) with a hep
structure and having a thickness of 7 nm was formed by sputtering
under the zame conditions; a first intermediate layer compriszed
of Crl5Mo with a boo structure and having a thickness of 10 nm was
formed by sputtering at a reduced pressure of 0.6 Pa in an Ar
atmosphere; the same sscond intermediate layer comprised of Ruwith
2 boo structure and having & thickness of 10 nm was formed by
sputtering at & reduced pressure ¢f 10 Pa in an Ar atmosphers; &
magnetic recording layer cemprised of $3{Col3Cri3pt)-~7(WO:;) and




formed by sputtering at a reduced pressure of 0.6 Pa in an Ar
atmosphere; the same second intermediate layer comprised of Ru with a
boo structure and having a thicknegg of 10 nm was formed by sputtering
at a reduced pressure of 10 Pa in an Ar atmosphere; a magnetic
recording layer comprised of 93(Col3Crl3?t)-7(WO2) and 25 then the
same carbon protective layer were formed by sputtering under the same
conditions. [0056] For.¢ isQn, arati icul {l
S ORI Mo TR e DIRALce S5 The e prochatirey o enton
undggoFaexeapt thanad sect fayer was formed from an alloy comprised of 80
atomiQ®s&f Mg, Ti, H or Re, and 20 atomic % of Ni in Comparative

Exa hEs s o8 3 =4=feSReGivelisonan alley-comarised of BO
atorrrﬁc? %i)%b%n%%f %%f qu:‘bgnsaj‘r-sla %%(nﬁl%é% é'f Nb in Comparati

, 20 tive

e QAT T 4o o RS B3 R RS ATT SRS B e -oned
aboemaittebthe ssime . Sigralayanises o sN Ry ebeitivd it caHerafgd
of Belkrvplue %vaéfﬁhméid.@i_t,a}@@rqﬁ_@, raﬁ&é@@ EHBe; ép% tbe ﬁ@@k&%&i@ﬁ&?ﬂwe

erpendicula al IC recorging meadiums_proau n m =
SR KRR L R R
of Bésaitemdie SRSWE T Talié ar R rrtalle ncstm e Blad payEparative
Exdhfieesmadiate.g FtedtatecSNR, HE 426601 (@l%) Laykl (ettuaturepd:itions
rer%a%eé&eﬁ%% dB) (0s) (dog.) ExamRle 3.9 -~ 16.44 3485 2.9

Xample 3.

I Cr15PAo Ru(hcp) 16,48 4072 2.6 Example3.3 Hf (bqo
16.3@2&%12?89"@5?&%té%‘%&%é%§“§?22 AR5 VP é&{%é? Tl aé%?\l%glf

valhxid 3186 5% e BXSR. 2T 20N iMoo RuEhopE t4e =37 86-nenCared
2O 66 : K147 6,027 de93-1
S R

I20Nb Cr15Mo Ru(hc
thig Uppparative Examples 3-1 Lhru 3-8 wers eva_uatec(i., p%he
results are shown in Table 4.

fogsT7!
Table ¢
Firat Second He |A880
| Bond Laver | |niarmediste intermedat SNR ¢
sempi (atk Ssy:? {structure) Leyerletucture) | (dB) | (Oe) | (deg.
Exemoie §.1 M 16.44 3485 2.8
Examgle 3-2 Ti CridMo Rulhep) 1640 | 407% 2.8
Example 3. % HE (moe) 16,32 | 4156 | 2.8
Exampie 5.4 Re 1622 | 4823 | 24
Co.Ex, 21 Ma2ONi 13,23 | 3138 B3
Co.Ex. 3.2 | Ti2ONi Cr1bMe Rulhce) 14,12 | 3736 4,8
Co.Ex 343 | HEZON, (bes) R' 1286 | 3288 | 6.2
Go k%, 34| Re20N; 1476 | 4027 | 48
Co.Ex, 35 | Mg20Nb 1305 | 3206 | B§
Co.Bx.3:8 | Ti20Nb Cr18Mo Rulhor) 1828 | 8268 | &7
Co.8x, 57 | H2ONE (boo) " 12,82 | 3341 | 6.1
Co.Ex. 5.8 | ReZOND 1415 | 4187 | 57
(00881

As sesn from Table 4, when the hop crystal structure in the
seed layer is cocllapsed to some extent by incorporating Fi or Nb
in Mg, Ti, Hf or Re with a hop structure, the crystal orientation
of magnetic cobalt-alloy crystal grains worsens and the SNR is
reduced by 1 dB or more. It is presumed that when the hcp crystal

structure in the seed laver is collapsed, the bee (110) crystal



Co, Ex, 3.7 Hf20Nb (boo) 12.82 3341 6.1 Co.Ex,3.e Rs20Wb 14.15 4182
5.2 [0058] As seen from Table 4, when the hop crystal structure in the
seed layer is collapsed to some exgent by incorporating Ni or Nb in Mg,
Ti, Hf or Re with a hcp structure, the crystal orientation of magnetic
cobalt-alloy crystal grains worsens and the SNR is reduced by 1 dB or
more. It is presumed that when the hcp crystal structure in the seed layer
. _is collapsed. the boc (110) & I ] lentatl f USt oy &
L St s R g A Skt v
secApBAKaBilty [GOSBBT$Re perpendicular recording medium according to the
present invention is characterized as having an improved crystalline
structure of the magrgfic fecordingJayerJpore specifically, a hexagonal
close-packed (hcp) structure, wherein its crystal c-axes are orientated in
the Hé{J icular direction with minimized disturbance in angle, and
ferrdihagretienysal grainetanénmngHeys resrdhgmysr Rap @apsent
inv@Hligmely sreallavete siadliamelag Ereraforthal pergendicliare
recordin ium exhihits_ impr I G CS.
SIS o DERPE st e e e e st @
hexREording rABHIHAGELSIUIRG (S HFN BresEnt WFdRich s S StRAbIE for £ *es
ardngghaticsrasordingiteprodusing apphsatus] ferExample; fa magmetkedisk
a1 fRpEANS. Thenarpendiaidas agnginceserdagdnadiumas pactaddo
ave a more enhanced recording density, and.is‘also ngtablgkfor new .
AR HERIRF Y B ity FhebBRY SUBR & 1OPERAN RS ECETRERRE 920
diliserete trankmaédissantepptersmiedial 27 BLANISIA NEGEI cRricHbES

1mfBB908EdEsRing Meim comprining Al ieasia Soft magnetic layer, a
ol R T ol SAT ARSI ALRPOEheleraldRe

magnetic recording medium according to the present invention is

suitable for a magnetic recording/reproducing apparatus, for
example, a magnetlic disk apparatus.

The perpendicular magnetic recording medium is expected to
have a more enhanced recording density, and is alse sultable for
new perpendicular recording media such as, for example, ECC media,
discrete track mediz and pattern media,



this order on a non-magnetic substrate, characterized in that said seed
layer is comprised of a (002) crystal plane-orientated hexagonal
close-packed (hop) structure, and $aid intermediate layer comprises a
first intermediate layer comprised of a (110) crystal plane-orientated
body-centered cubic (bcc) structure and a second intermediate layer
comprised of a (002) crystal plane- orientated hexagonal close-packed
(hop) structure, wherein the flréhﬁﬁgnedlate layer and the second
intermediate layer have been formed in this order. 2. The perpendicular
magnetic recording medium according to claim 1, wherein the soft
magnetucmymﬁzmami@y&@mmmmgd@wm%&ﬁémﬁs ing
at {@QQE%‘%&%%@H%@F@'M@@&C% ?@tﬁcét%a%}@'?) %t@ri%twﬂ@éqmth@ :sgﬁ@izd f
ayer is sta orienta ce structur inly.c
andg Eﬁ?ﬁgﬁggs‘gfg %g?ﬁ%fe & &R BoRE; % g of I\Wg ‘F%% %I%%%? =
£ i RIS T ZRSD-TRENRE e Sl ST g R ASCAaig fneditha t seid
seeBCeQREERT 110 anypne siclaima 1(mnd) wheyeirethep(hil)-aystaitated

o0 oneoiated e Siuckus cSIMITG i BISITERIER B

mprlses at chromlum he perpendicular

lammr@wmgﬁﬁu%%? t%olam%necsme g% 4 (210
crywbeleil the:ChiQ)eerystald mm -arertated |laybd wittbadice stractiree and

a sEUL %%UEH@JP:%JHS&J@%%Q'%sﬂﬁyees@nws&@s (60IOMP:AS 2 FHpie-
mgre lent and further gi$m rises at Ieaq%[ one eleme tselect d from ttl'b

TESARPBR Pt SHOPY R RRE ! SR E»% c& S i,
fz*Mb M*Mmewi,aaecls,re@agnﬁ ﬂtrxezmq:pm HePREedL g layer have

medRErReRgicular magretic seording medium according to anyone of claims
1 to 9, wherein the rystal plane:- prientated bo r
’ bty cozdi
con tutln ﬁecﬁ@?% % &gtg%gygF % croenqgrlse ér%%weasalﬁs i
to hawing an aAveygrain aRTACIEEDRSt HFthe YERJREST 3 ﬁﬁf‘r&w%*vmﬂ
=+ ke pespendicular magnetic recording medium according to anyone of

clain}zs‘ 1 tquéwpré%%@:&%&ﬂg)n%éﬁ@Péa{']gf:ording medium according
to claim 1 or 2, wherein the seed layer ils a (002) crystal
plane-orientated boc structure mainly comprised of an element
sglected from the group censisting of Mg, Ti, Zz, HE, ¥, Ru, Re,
Cs and Zn.

4, The perpendicular magnetic recording medium according
to anyone of claims 1 to 3, wherein the (110) crystal
plane~crientated boc structure constituting the first Intermsdiate
layer comprises at lsast 60 atomic ¥ of chromium.

5, The perpendicular magnetic recording medium according
to snycne of claims 1 to 4, wherein the (110) crystal pLaEne-
crientzted layer with a bec structure constituting the first
intermediate laver comprises chromium as a main ingredient and
further comprises at least one element selected from the group
consisting of Pt, Ir, Bd, Au, Ni, Al, Ag, Cu, Rh, Pk, Co, Fe, Mn,
Vv, Nb, Ta, Mo, W, B, C, 81, Ga, In, Ti, Zxr, Ef, Ru and Re,

§. The perpendicular magnetic recording medium according
to anyvone of claims 1 to 5, wherein the (110) crystal plane-
orientated bec structure constituting the first intermediate layer
ig comprised of crystal grains having an average grain diameter



orientated boo structure constituting the first intermediate layer has a
thickness in the range of 1 nn to 50 nm. B. The perpendicular magnetic
recording medium according to arggone of claims 1 to 7, wherein the (002)
crystal plane- orientated hcp structure constituting the second
intermediate layer comprises ruthenium or a ruthenium alloy. 9. The
perpendicular magnetic recording medium according to anyone of claims

in %he8 Wherelgt erﬁgrerpgnfléc%r magnetic recording layer comprises at
least onegmagnetlc ayer having a granular structure comprisin
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recording medium comprising at lsast a soft magnetic layer, & seed
layer, an intermediate layer and g perpendicular magnetic recording
layer, which are formed in this order on & non-nagnetic substrate,
ehzracterized in that said seed laver is formed as a {002) crystal
plane-orientated hexagonal close-packed (hop) structure, and said
intermediate layer is formed as a double-layer by the twe steps
of forming a first intermediate layer which is a (110} crystal
plane~orientated body-centered cupic (bce) structure and forming
a second intermediate layer which is a {(002) ¢rystal plane-
orientated nexagonal close-packed (hep) structure, in this order.

11, A magnetic recording reproducing apparatus provided
with 2 magnetic recording medium and a magnstic head for recording
and reproducing an information in the magnetic recording medium,
characterized in that the magnetic recording medium 18 &
perpendicular magnetic recording medium as ¢laimed in any one of
claims 1 te 9.



