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- evaluating the sane. Technical Field This invention relat
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per pendi cul ar nmagnetic recording nmediumrelated to this |nvent|on is used
preferably in hard disks, floppy disks, magnetic tapes, etc. Background Art
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whether the magnetic crystal grain of the columnar structure formed thereon has the

preferred magnetocrystalline anisotropy constant Kugrain or not can be determined at
the same time.
The perpendicular magnetic recording medium related to this invention is used

preferably in hard disks, floppy disks, magnetic tapes, etc.

Background Art

The magnetic recording media used on the current hard disk drives (HDD) and
other magnetic recording devices adopt the longitudinal recording method by which
magnetization is reversed in the longitudinal direction of the magnetic recording layer.
In order to increase the recording density per unit area by this method, efforts have
been made to develop media that allow shorter length of magnetization reversal, or
improved linear recording density.

Up to now it has been known that an effective method of improving the linear
recording density of longitudinal recording media is to shorten the length of
magnitization reversal. In order to address to this problem, the medium is required to
have a greater coercivity of the ferromagnetic layer, a lower residual magnetic flux
density and a reduced thickness of the ferromagnetic layer.

However, any reduction in the thickness of the ferromagnetic layer for the
purpose of improving linear recording density tend to result in smaller sizes of crystal
grains that constitute the ferromagnetic layer and their smaller volume V. And when
KuV, the product of multiplying the anisotropy constant Ku of magnetic crystal grains

by their volume V becomes smaller than a certain level, it is feared that under the
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crystal goadistingaif WbmWO‘r%pmrmgngasacdn&yﬁB m@ns efieabzing thisi s possible to
gain an advantage on the volunme V of crystal grains in the thickness
direction by nmmintaining an appropriate thickness, and therefore it wll

be easy to nRinnthajoihernkandyarmediusy fonithe pgraspdichlar reepnding nethod wheesit at i on
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appl i ed. magnetlzatlon to face each other as in the case of longitudinal medium, has an
advantage in that there is no need to reduce the thickness of the ferromagnetic layer
constituting the recording layer. In other words, even if the size of crystal grains of
the ferromagnetic layer is reduced, it is possible to gain an advantage on the volume V
of crystal grains in the thickness direction by maintaining an appropriate thickness,
and therefore it will be easy to maintain the thermal stability of the magnetizing
orientation of magnetic grains. For this reason, the perpendicular recording method
is attracting attention as a technical method that allows avoiding the problem of

thermal decay that is feared when the longitudinal recording method is applied.

As a specific perpendicular medium, one made by coating a CoCr alloy (Cr =10 —
18%) film as a recording layer on the substrate is known. [S. Iwasaki and K. Ouchi:
IEEE Trans. Magn. MAG-14 (1978) 849; Literature 1. It is reported that a recording
layer consisting of a CoCr film deposited on the substrate by the sputtering deposition
method comprises columnar fine grains made of hep crystals growing perpendicularly
on the substrate surface, the average grain diameter thereof is 100 nm or less, and the

¢ axes of the hep crystals coincide more or less with the direction of the film growth.
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thick filmfor the recording layer, is considered as a prom sing medium
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method, the formation of a structure which is in disorder called “initial layer’ in the

initial growing part of columnar structure which will be the recording layer of the

medium is an issue [Tsutomu Tanaka, Kazuhiro Ouchi, Shun-ichi Iwasaki: Journal of

the Japan Applied Magnetism, Vol. 10, No. 2 (1986) 65; Literature 4]. There is also a

report on the analysis of this initial layer made by means of a computer simulation and

the measurements of reproduced wave forms [Yoshihisa Nakamura, [kuya Tagawa,

Shun-ichi Iwasaki: Journal of the Japan Applied Magnetism, Vol. 11, No. 2 (1987 119;

Literature 5]. These two reports describe the method of analyses explaining that the

initial layer can be easily magnetized in the longitudinal direction along the film

surface, in other words ¢ axes being oriented at random two-dimensionally, and in the

columnar structure growing thereon ¢ axes being oriented at the right angle to the film

surface.

However, the reports on perpendicular media of Literatures 1 — 5 described
above often discuss macroscopic changes in magnetic property and did not

quantitatively evaluate the intrinsic magnetocrystalline anisotropy of the columnar
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C Ih |mar bject of this invention is
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perpendicular magnetic recording ium by which the thickness of the
nanocrystalline structure part occupying the ferromagnetic part in the recording layer
of the medium and the distribution thereof in the thickness direction can be
quantitatively evaluated and the question of whether the magnetic crystal grains of the
columnar structure part formed thereon has a preferred magnetocrystalline anisotropy

constant Kugrein or not can be determined at the same time.
Disclosure of the invention

The perpendicular magnetic recording medium related to this invention is a
perpendicular magnetic recording medium wherein a ferromagnetic layer where the
columnar structure part is located on the nanocrystalline structure part is the
recording layer, and said nanocrystalline structure part comprises fine grains having

c-axes oriented at random three-dimensionally.

The method for evaluating the perpendicular magnetic recording medium related
to this invention is an evaluation method of the perpendicular magnetic recording
medium wherein a ferromagnetic layer consisting of the columnar structure part

overlying the nanocrystalline structure part is the recording layer, and when the



Di'scl'osure of the invention The perpendi cul ar magnetic recordi ng nmedi um
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wherein a ferromagnetic | ayer where the columar structure part is |ocated

on the nanocrystalline structure part is the recording |ayer, and said
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t hree- di maasaidiiakd y and said gain and/or said dini can be determined from
said K'* and said dmg. Brief Descriptions of Drawings Fig. 1 is a
schemati c cross-sectional view showi ng an exanpl e of perpendicul ar

magneti c recordi ng medi um BelediDebcriptiomisofiDraovitigsn. Fig. 2 contains

phot ographs showi ng the results of exam nation by a Transm ssion Electron
M croscope (TEM of mcrostructure in the cross-sectional direction of a
medi um r el at Big. tlds tahschematie ardseectispdingev bewinginn expremnef remendighst ogr aph

(a) is alﬁggéﬁcﬁéasﬁdhmbdliﬁﬁl\ﬂelaiw&@ thls idvétoh,. pi ece, (b) is a diffraction
figure nan%::]gl stalllge str art andé |sad|ffr tion

figure of a Etﬁ u ntags, RReIQRERP %r %Jho“ii %. the jresy} 5o p AxaImiBak %he? XRD
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the thic erroma Retic T ayeroan termnlng
t he per penhdtogmmnr(aMQrmwcseamls?dﬁPE@’b;mwﬁtaamt THgce, fbl)neer @Biffraction figure

of a nanocrystalline structure part, and (c) is a diffraction figure of a columnar
structure part.

Fig. 3 is a graph showing the XRD profile of a medium shown in Fig. 2.

Fig. 4 is a graph showing the.result of measuring the perpendicular torque of
various media made by changing the thickness of the ferromagnetic layer and the
examples of determining the perpendicular magnetic anisotropy constant Ku* thereby.

Fig. 5 is a graph showing the relationship between Ku’ and dMe of the medium
related to embodiment 1.

Fig. 6 is a graph showing the relationship between (Ku' x dMee) and dMee of the
medium related to embodiment 1.

Fig. 7 is an enlarged graph showing the tail portion (area indicated by slanting
lines) where dMae of the linear approximation portion in Fig. 6 can be found on the
smaller side.

Fig. 8 is a schematic cross-sectional view showing an enlarged image of the
rugged interface of the columnar structure part with the nanocrystalline structure part
in a medium fabricated according to the construction shown in Fig. 1.

Fig. 9 is a schematic cross-sectional view showing another example of
perpendicular magnetic recording medium related to this invention.

Fig. 10 is a graph showing the relationship between (Ku* x dMeg) and dMee of the

medium related to embodiment 2.



Fig. '5 is a graph showing'the 'relationship between Kul and Vag of the
medium related to enbodinment 1. Fig. 6 is a graph showng the relationship
between (Ku' x dMag) and dMag of the nediumrelated to enbodinent 1. Fig.
7 is an enlarged graph showi ng the tail portion (area indicated by slanting
| i nes) where divag of the |inear approximtion portion in Fig. 6 can be
found on the smaller side. Fig. 8 is a schematic cross-sectional view
showi ng an enl arged i nage of the rugged interface of the col umar
structure pant wth the, nanocrystalline structure.part, in di
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magnetic recording nmediumrelated to this invention. Fig. 10 is a graph
showi ng the rel ationship between (Ku' x dMag) and dvag of the medium

rel ated (BxmdassioneEpgn®. 5 Fig. 11 is a graph showing the rel ationship
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(Expl anat i o P sigbns 10: Perpendi cul ar magnetic recordi ng nedium 11:
Subst r at d1b lg)s?fée. se substrate lib: Coated film 11c: Buffer |ayer
i d: Seedld:dBaes sdlidtraker romagneti c | ayer 13: Nanocrystalline structure part
14: Col uq?}?r sértﬁture part 15: Metal base layer 16: Concave part 17:
Convex pa 'Cﬁélet Mide for Carrying out the Invention

11c: Buffer layer

11d: Seed layer

12! Ferromagnetic layer

13: Nanocrystalline structure part
14: Columnar structure part

15: Metal base layer

16: Concave part

17: Convex part

Best Mode for Carrying out the Invention

The perpendicular magnetic recording medium related to this invention is
hereinafter explained with reference to a schematic cross-sectional view showing an
example of medium related to this invention (Fig. 1), the results of examination with a
transmission electron microscope (TEM) of the microstructure in the cross-sectional
direction of the medium related with this invention (Fig. 2), and the results of
examining with a X-ray diffractometer or XRD the orientation plane and the dispersion
angle of the orientation plane normal line of the medium related to this invention (Fig.
3).

(Perpendicular magnetic recording medium)

As shown in Fig. 1, the perpendicular magnetic recording medium 10 related to
this invention comprises a substrate base 11 and a ferromagnetic layer 12 mainly
consisting of Co and Cr, and the ferromagnetic layer 12 functioning as a recording layer
consists of a nanocrystalline structure part 13 and a columnar structure part 14

located thereon.



The perpendi cul ar magnetic recording nediumrelated to this invention is
herei nafter explained with reference to a schematic cross-sectional view
showi ng an exanple of nediumrelated to this invention (Fig. 1), the
results of exam nation with a transm ssion electron m croscope (TEM of
the mcrostructure in the cross-sectional direction of the mediumrel ated
with this invention (Fig. 2), and the results of examning with a X-ray
diffractometer or XRD the ori ent ation plane and the di spersion angle of
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hand, on test pieces 17 nmor nore thick, as the f %Imthllckn SS 1 ncreases,
t he dl fflué_t@flﬁlgh pmde c plane increases, and on any media no diffraction lines ofher than

those from the ¢ plane of the hcp structure could be observed.

From the results described above, the diffraction shown in Fig. 2 is deemed to
have resulted from the diffraction from the ¢ plane of the hep — CoNiCrTa phase. This
fact suggests that the gray layered structure, i.e., the nanocrystalline structure part 13
is composed of fine grains having c-axes oriented at random three-dimensionally and
the columnar structure or the columnar structure part 14 comprises crystal grains

oriented in the ¢ plane.

In other words, on a perpendicular magnetic recording medium having the
construction described above in which the nanocrystalline structure part 13 of the
ferromagnetic layer 12 comprises fine grains having c-axes oriented at random
three-dimensionally, it is possible to treat the perpendicular magnetic anisotropy

constant Kuti" of the nanocrystalline structure part 13 as zero.

Therefore, the evaluation method described below can be applied to the
perpendicular magnetic recording medium related to this invention. This means that

the medium related to this invention is a medium for which a clear determination of



intensity fromthe c plane increases, and on any nedia no diffraction |lines
ot her- than those fromthe ¢ plane of the hcp structure could be observed.
Fromthe results described above, the diffraction shown in Fig. 2 is deened
to have resulted fromthe diffraction fromthe c plane of the hcp -
CoN Cr Ta phase. This fact suggests that the gray |layered structure, i.e.
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the columar structure part 14. On the other hand, the point of

i ntersectionphgd Wk L8 ofte§lRSheANicAar il tif 8br di AP RIe@MRIARD tafKls t he
hori zontal axis enables to determne the Tilmthickness dini of .the

nanocr ystaYemiiAR. 9t pthex fordss median whaspias thy dprromagnetic layer 12 comprising

fine grains with c-axes oriented at random three-dimensionally is used as a recording

layer, this invention will enable to establish a medium production line by which the
conditions of forming film of the ferromagnetic layer, for example the composition ratio
of the film, working temperature, process gas pressure, etc. can be precisely adjusted so
that the media in the process of fabrication may have a Kugvain according to the medium

design based on the information of the working curve described above.

(Ferromagnetic layer)

In the meanwhile, the above descriptions on media are based on the assumption
that a CoNiCrTa film is used for the ferromagnetic layer 12. However, the
ferromagnetic layer 12 of the medium related to this invention may include other
elements for its constituent elements provided that it is a magnetic film composed
mainly of Co and Cr and having a hexagonal close-packed structure or hcp the easy
axis of which is oriented at the quasi right angle to the film surface. Specific materials
that constitute the ferromagnetic layer 12 may include CoCr (Cr < 25 [at%]), CoNiCr,
CoCrTa, CoCrPt, CoCrPtTa and other alloys. In order to control the grain diameter of
crystal grains constituting the ferromagnetic layer 12, the segregation of the same, the

magnetocrystalline anisotropy constant Kuerain of the columnar structure part 14, or the



Thus, in the case of the perpendi cul ar magnetic recording nediumrelated to
this "invention, in other words a nmedi umwherein the ferromagnetic |ayer 12
conprising fine grains with c-axes oriented at randomt hree-di nensionally
is used as a recording layer, this invention will enable to establish a
medi um production line by which the conditions of formng filmof the
ferromagnetic | ayer, for exanple the conposition ratio of the film
wor ki ng t enper at ure, process gas pressure etc. can be precisely adjusted

that th di t .h K
2ccor di niTEPHE SRR 4 G BAGH YR M o RRETor oftt FETRBRy ng
curve deemstibhaihgalio ebo¢dmendomdnealoys, [neaterixls| matléefrom aaliis| eontalhélgabove
descrt P LANNOBIRHA e HRSOds0T UREYEIBUNR! Falor Hiflnd CANAY Baf 11 m 1<

used for erromagneti c wever erromagnetic |ayer 12
of the n‘é@ﬁ@ﬁ?ﬂl@ﬂm@dsm@ywiuseq tRem F@rfelf?ﬁ?agw}cd%b@rd?her el ements for its
constituent elenents provided that it is a magnetic filmconposed nmainly
of Co anglMCr and haV| ng a hexagonal close-packed structure or hcp the easy
axi s of piahbase layerbnt ed at t he quasi right angle to the fil msurface.
Speci fic matPhid absre ddzatipticaniihs bedre nidde igh megadn®et 4 anddiyer whdéemayhd ncl ude

GG (G n?rbocpb%%bé% )s%ructoure gai‘t 1 ons-{%utu% %epf)ottcig?gaﬂ J}ﬁath%ngrﬁm%ﬁet% | oys.

I n order | At rains constrtuting the
f er r omagheer d2liapevided, dltelu@y wgpegéttha)suhstratmél é‘&msevet, fpgen on a medium

magnet oc %@;eﬁk lth e o P%Q“‘t“ LY G A 1§M%ﬁte9tmttﬂ@smkﬂmﬁ thybhigiet ur e

part 14, corrosion resistance of th erronagnetlc | ayer 12, in

addi t i onop®or mrelneqﬁf@nbaee Ly |1f5u'§}ler©’ai“f?é10§b‘6‘?ﬁ€9ﬁl’ré?|‘9 egnfadthig 1“89%“011

nat er i al aeémE@d Bél@ﬁh@hﬁ;ﬂ&ﬁbl@ réadddl ﬁhﬁt 1tiﬂ¢1t1@ésl EndiverRtslief sthectutpard/, Si,
B, nts sele rarg1 earth ﬁl enents may be

used to fléF?ﬂ‘Pﬂ‘e‘n$ QP? S’Ff’é’@%‘eﬁﬁ axes je g”l%&?fll three SRR I he “above

description has been nade with regard to a nedi um wherein the

panoct ystal | ADTELEHSI fr PRL hotkd pEQIBLL 14 hRY I AERRALEOR RN prBlidbde
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materials such as CoCr (Cr = 25 [at %)), soft magnetic materials such as FeNij,
CoZrNb, NiNbFe, FeAlSi, NiCuMoFe, etc., or hard magnetic materials such as SmCo

prepared below these soft magnetic materials.

And, the metal base layer 15 prepared below the ferromagnetic layer 12 may, in
addition to being laid as a single layer, be prepared in multiple layers as in the case of
FeNi/Ti/FeNi or CoZrNb/SmCo.

(Base substrate)

The list of materials for the base substrate 11 related to this invention includes,
for example, nonmagnetic base substrate 11a composed of aluminum, titanium and its
alloys, silicon, glass, carbon, ceramic, plastic, resin and its polymers, and the same
coated on the surface with a nonmagnetic coated film 11b made of a different material

by the sputtering method, the deposition method, the plating method, etc.

It is preferable that the nonmagnetic coated film 11b deposited on the surface of
the base substrate 11 would not be magnetized even at a high temperature, would be

electrically conductive and easily machineable and yet its surface would have a certain



13 conprising fine grains with c-axes oriented at random
three-dinensionally. As the materials for the netal base |ayer 15, any
material may be used provided that the ferromagnetic |ayer 12 forned
thereon is a material having c plane orientation. The list of preferable
materials includes single elenent materials such as Ti, W Ta, etc.,

mat eri al s made by addi ng C and ot her dopant el enents thereto, nonnmagnetic
materials such as CoCr (Cr -r— 25 [ at %) soft magnetic mat eri al s such as

FeN , ZrNb, N NbFe, F e rials
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thickness of the base substrate.

And the base substrate 11 may be provided with a buffer layer 11c designed to
give unevenness on its surface layer in order to improve frictions, wears and tears
when the surfaces of the medium 10 and the magnetic head (not shown) enter into

contact and slide.

Furthermore, at the initial stage of growth of crystal grains constituting the
ferromagnetic layer 12 and others accumulating thereon, the base substrate 11 may
have a seed layer 11d in the form of a sporadically dotted island-like film in stead of a
two-dimensional flat film on the surface layer as a layer serving as nuclei to promote
the growth of crystals. Such a seed layer is expected to promote the miniaturization
and the reduction in the diameter of the grains constituting the accumulated films

formed thereon, as well as the reduced distribution of grain diameter.
Moreover, as a countermeasure for coming into contact and sliding (contact start

stop, CSS) of the surface of the medium 10 and that of the magnetic head (not shown)
when the base substrate 11 rotates and stops, generally concentric slight scratches
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surface flainess are preferable. In addition, the materials wherein the
parallelism between the surfaces of the front and back sides, the

undul ation in the circunferential direction of the base substrate and the
roughness of the surface are suitably controlled. Fromthese points of
view, preferred base substrates 11 include, for exanple, glass, silicon,

al um num substrate, or these base substrates covered with a coated film

| ayer consisting of a NP, NiTa, NAl or NNTi film Anpng these t he gl ass
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(Evaluation method of the perpendicular magnetic recording medium)

The following is a description of the evaluation method of the perpendicular
magnetic recording medium related to this invention.

This evaluation method is an evaluation method that uses the perpendicular
magnetic anisotropy constant Ku' of the ferromagnetic layer composing the medium
that has been determined by using for example a torque magnetometer in order to
evaluate separately the magnetic structure of the nanocrystalline structure part 13

and the columnar structure part 14 forming the ferromagnetic layer.

Here, the case of using a torque magnetometer is described in details. However,
the method of analyzing the perpendicular magnetic anisotropy constant Ku'of the
perpendicular magnetic film from the longitudinal loop observed by means of a Kerr
Loop Tracer or KLT that takes advantage of the magnetic Kerr effect or the VSM
described above may be used. Such methods include, for example, the method of
calculating the perpendicular magnetic anisotropy constant Ku' from the anisotropic
magnetic field Hk determined from the saturation magnetic field Ms [Kazuhiro Ouchi;
doctoral thesis at Tohoku University for 1984; Literature 6, C. Byun, J.M. Sivertsen
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perpéndi cul ar direction to the thin filmdeterm ned by correcting for
demagnetizing field the saturated value of sin 2 0 conponent of the

per pendi cul ar torque curve neasured by using the high- sensitivity torque
magnet onet er described later. "Film thickness of the recording |ayer:
dvag" used in the evaluation nmethod related to this invention is the
design filmthickness of the recording |ayer defined by the product of

mul ti plying the deposition rate by the deposition time previously

identified thi g . appljcatiqQn specifi.cat] ver farr gnetic
| ayer 123%e1&’2{'n%a3 c‘jgl d Zr Iq’%’?'fu@@ﬂr?p?r@%ﬁ%l g’étg]fatetgl%onﬂt oagll‘agf t he
nanocr ysSedKsimié-BiomusturMethad t W 3Sedksméthpend sJ . Et Thomesere c'dihdi mgsheticer .

(Eval uat , g, @0 doifile 816 RELREACLAUAMS (BENSLAilRERAFERNY Mmedi um  The

following is escription of the evaluation nethod of the perpendicul ar
magnetic recording nmediumrelated to this invention. This evaluation nethod
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t he met hdeteohinameathy erppndicolap ergzantds snibatronyegneanicKanthesefropy const ant

Kul of the perpendicular magnetic filmfromthe |ongitudinal |oop observed
by neans of a Kerr Loop Tracer or KLT that takes advantage OL t he magnetic
Kerr effect dsthewmisiig. dethersabuatigp goe fenthe &in 2 & qcompeapitplithe X el ude,
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ani sotropy,cpnstant Ku romthe ani sotropic .[magnetic f.ie Hk ,det er m ne
FFom t ne Ab4OE Rk RER Hifgn et PRPIREm R sy P oo Bhrematls? x{an B AT LS "o
Tohoku Uftiheeixsiapylafior mbOaA”). IWhear tht Wemagnet@ing3field is Jakvh isjovarewsnKi1l and

J. H Judy; . ., vol. 57 (1985) 3997; Literature 7] and
Sucksrﬁt%?nrﬁ%ﬁlpe\g!g%\sf\(}gﬁgd [W Sucksmith and J.E. Thonpson: "The magnetic

ani sotropy ofKcoBadrt@6)pr8eMskoy. Sco., vol. A225 (1954) 362: Literature
8]. Fig. 4 is a graph showing the results of neasuring the perpendicul ar

torque of - megdia mede by, changing,the hicknees of i he ferramagnetic | ayer

ferromagnetic layer 12 of different thickness, and the result is summarized in the
graph of Fig. 5 showing the relationship between the perpendicular magnetic

anisotropy constant Ku* and the thickness dMee of the ferromagnetic layer 12.

Fig. 5 shows that the value of the perpendicular magnetic anisotropy constant Ku
1 rises gradually as the film thickness dMee of the ferromagnetic layer 12 increases,
and that it shows a saturating trend when the film thickness dMe¢ reaches 35 nm or
more. However, the graph of Fig. 5 does not allow us to read the thickness din of the
nanocrystalline structure part composing the base substrate nor the
magnetocrystalline anisotropy constant Kuersin of the magnetic crystal grains in the

columnar structure part.
Therefore, taking into account the existence of the nanocrystalline structure part
13 clearly shown in Fig. 2, the phenomena of K.* showing a saturating trend with

regard to the thickness of the ferromagnetic layer 12 will be described.

As described above, the medium related to this invention allocates the

ferromagnetic layer 12 wherein the columnar structure part 14 lies above the
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‘having a structure shown in Frg. 1 by using a self-nmade high sensitivity
torque nagnetoneter (effective sensitivity: 3 x 103 3[dyn c¢n) and an
exanpl e of determ ning the perpendi cul ar magnetic ani sotropy constant Ku
therefrom As shown in Fig. 4, the saturation value for the sin 2 0
conponent of the torque curve LSat (2 0) is determned fromthe results of
plotting L(2 0) with reference to 1/H and of naking a |inear extrapol ation
to zero on the 1/H axis (hereinafter referred to as "the extrapol ation

met hod"). Wen, the de neti zi ield is takennnt , can be
gi ven aanrgﬁy&éﬁnﬁr&iﬁgd{?éB?gﬁgﬁycqrﬁllmg By A ?roeﬁmgﬁ Sgg%tért?ﬁléﬁlﬁsﬁ Kul is
r epeat edtheoeffeetioh tlef nymockotrsline diractvay ipagt 83 oh ethe onegnesicingopeaipesel the of

di fferenf fhickness, he r Lt i b efhabetid Strudtu@PorofheFi 9. 5
show ng {“ﬁgﬁlrngl gt ?%#Sﬁ‘{gg“ el?oweeg?lmta%e Sg%argrg{egri:%i cul arahma Cnetriuc ani soter opy

const ant naagerystrdlinhgrediiremes 3 anhidesplunmar sepetypapHétddc | ayer 12. Fig. 5
shows that the value of the perpendi cul ar magneti c ani sotropy constant K

rises gradually as the filmthickness dMag of the ferronmagneti er 12
i ncr eases, pharesut @WB@%V%P%‘{}J}?‘%H%‘@Q‘FPBWE} SheHe &?@ “%ngﬁ fﬁ*’@i ess

dMag r eaBheBecdmendPpakentNibae theHovlamany strinetuge dpit of cémprises alpesl petinal | ow us

to read the thickness dini_o he _nanochrhystalline structuy rte conposi ng
t he baseoréffbtg{ilr“éﬁge ﬁo?la?%ewglﬁ%éhnee By ssg%{?{?? rsljceruf'iltrllllI %5’??%%%/ c‘?zlgﬁlgl asnfE&eKugr ain
of the nagmet having yateabrigntail as ramlomhidreccdimensianalist r uct ure part. Therefore,
taking into account the existence of the nanocrystalline structure part 13

clearly shown in Fi g{ 2, the phenonena of Kul show n sa ratigjg trend
with regar dlheseforre theperasadisulsr magnetie AnEREGHL P15 Fhthf mpdfm

descri bedptafedORSE réRBTAROMUR, mbArRr SRk M MVhRh 3t 0Bscir@ed A4 hel oV duinD Bf

al | ocat es thg _feréomagneti c layer 12 \Aherﬁjn &I@g col um rl.str cture part
14 |ies SBYTRutions iyom {hp selumaarisrusture parf 14 pad hs panpgryslalline, spraetare; g

| ayer, Therteifr@n bé detcdmiinddobgithe UsBowinpeogfifilachy afsinghthenperpendistlat | i ne
structurg ap%(rﬂ;[ic %gis?tr} éyh? JLRHISK | ConR, O(Eecﬁlgycoﬂlfmx{age trdfedileUfare ! {4 hq RESESSAry
to eval uat separa &P e magnetic structure o The nanocrystal I'i ne

st r uct ur @erpendicaldr magnetircardesitiony genstant o i of thapanopyystalline sEuGiuredagt ¢ of
observatijgn of the cross-sectional structure by using a TEM it

Kot =Kytolumn g (VMag _ Vini)/{Meg + K tini x Vini / YMag (§))

Provided that, however, VMsg ig the total volume of the ferromagnetic layer 12, Vini
is the total volume of the nanocrystalline structure part 13. Supposing that the film
area is S, the thickness of the nanocrystalline structure part 13 is diri based on the
assumption that the nanocrystalline structure part 13 is flat,

VMeg = § x dMeg

Vini = § x dini,

Therefore, the formula (1) given above is replaced by the following formula:

Kot = K, eolumn y (dMag — dini)/dMag + K, Lini x ini / qMag )

As Fig. 2 shows clearly, as the nanocrystalline structure part 13 comprises
nanocrystalline grains with ¢ axes oriented at random in the three-dimensional space,
the total perpendicular magnetic anisotropy due to individual fine grains offsets each
other, and approximates as follows:

Ky tini=(Q
On the other hand, since the perpendicular magnetic anisotropy of the columnar
structure part 14 is equal to the magnetocrystalline anisotropy of single crystal grains

constituting each columnar structure,
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‘has becone apparent that the columar structure part 14 conprises crystal
grains oriented in the c¢c plane, while the nanocrystalline structure part
13 conprises fine grains having ¢ axes oriented at random
t hree-di nensionally. Therefore, the perpendicular magnetic ani sotropy
constant Kul of the medium obtained as a result of torque neasurenents,
which is observed as the total sumof contributions fromthe col umar
structure-part 14 and the nanocrystalline structure part 13, can be
determ ned by, tphe, f Iomnng formul a by using the perpendicular magnetic
ani sot ropy const ant “Kfif'col uim of the columar structure part 14 and the
per pendi 'Chlérﬁforé]‘&gmﬁtdl“msamt 200,rthp Yoromiys (2 abovikighi hé exgfresshe amfollowsyst al | i ne
structure pang (#%1 = Kul colum X (VMag - Vini)/VMag + Kulgni X Vini /
JMag (1) PrOVI t hat, however, VMag is the total volume of the
ferromagnet i &l ax@¥es ¥£Kuovh 1i{dMe5 sdethe total vol ume of the nano&Pystalline
structure part 13 Supposing that the film area is S the thickness of the
nanocrystalllne struc

t part 13 is dinj base assunpt..o that t he
nanocr yst al | iThe f @%‘?‘G%t(liilgéveﬁaﬁbPVWf?pf@e‘P‘iséb ere %‘erx}eﬂﬂzﬁég“e\rﬁprﬁl Tl
?' ni . | Thﬁﬁiﬁl@rd@luéﬁﬁlﬁ §touidiuileapdrt ) 140hve s aholle compoeld! aced mobmtamma ow. ng
or mul a: ul =

um , x Va 2
As Fig. SPMUHYHEPY éﬁ?ﬁfﬁnggd%%ﬁmﬁgﬁJywyg#ﬁwgﬁﬁ%ré?#ﬂh?ﬁ}@“ﬁ%{f %ég%%gpglles
nanocr ystiad lothee kynai ngheni tthe deraxesgretic efitne dl2atonsitel ofh tha pi4necrystalline
three-di p@ﬂéqumgré@@%d t}Ieh?olﬁrﬂLﬁj sHﬁEn%é“i’)'anJ'l@r ma{é@tmd@rwwt pepy due

to indiv ine gral ns of each ot her, roxi mates as, fol |l ows:
Kul i ni =tlgckyess " cathéhe manerrygphige ﬁﬁ@“bﬁ?@@ﬁdﬂéu@aﬁ Hagseest nlg%tropy

of the colifimahip SHorU@hiW RePaRd foldulaX(4pgivéd aiove bb@mEBefiedtaer ystal | i ne
ani sotropy of single crystal grains constituting each columar structure,

13 Ku Icolum = Kugrain Therefore, when dini is not zero, the formula (2)
above can beTkxpirasked) akeh abbvevan b rendeted ivhg limef{ @)proximation when the

values of Ku® x dMee are plotted along the vertical axis and those of dMes along the
horizontal axis. It means that the gradient of the linear approximation enables to
determine the magnetocrystalline anisotropy Kuersin of magnetic crystal grains of the
columnar structure part 14. On the other hand, it also signifies that the point of
intersection between the extension of the linear approximation and the horizontal axis

enables to determine the film thickness dini of the nanocrystalline structure part 13.

Fig. 6 is a graph based on the results shown in Fig. 5 showing (Ku* x dMe) on the
vertical axis and the thickness of the ferromagnetic layer dMee on the horizontal axis.
The result of Fig. 6 is an example corresponding to the formula (4) given above, and it
is possible to read respectively Kyerain = 1.8 [ x 108 erg/cm?| from the gradient of the

linear approximation, and dini = 7.5 [nm] from the intercept of the horizontal axis.

As the formula (4) given above shows clearly, however, when the thickness of the
nanocrystalline structure part 13 is infinitely close to zero, it is needless to say that we
should consider dini = 0 and the following formula can be applied for analyses.

Kut x dMeg = Kygrain x dMeg (5)

The formula (5) given above suggests that, even under the condition where the
thickness of the nanocrystalline structure part 13 allows a zero approximation, the
gradient of the linear approximation enables to determine the magnetocrystalline
anisotropy Kuerain of magnetic crystal grains of the columnar structure part 14.

So far, detailed descriptions have been given based on formula expansion
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'‘Ku 1" x dMag = Kugrain x (dwvag-- dini)(4) The fornula (3) given above
represents the case where the ferromagnetic film 112 has no col umar
structure part 14 and is wholly conposed of the nanocrystalline structure
part 13. It can be determ ned by replacing the relationship of dvag = dini.
On the other hand, when the ferromagnetic film 12 consists of the
nanocrystalline structure part 13 and the columar structure part 14, in
ot her words when the thickness dini of the nanocrystalline structure part

13 is characterized by t | at i gpshi formul a
(4) gi v oRCuBR it BEER fﬁ?‘f%ﬁ‘iﬂw Land Smﬁlio S’GY‘%{) Rdf \9‘8%&%%&953 et o
r ender edaref add lvbllilﬁ@rcaﬁrbp nm@nrmtexmnmﬁﬂulrahm phaed off8mothidkhdssx tockieparar e

plott ed al OQ%ghefeﬁ) Va%%lhc'g e‘%er a%(ﬂesl{kaegv?setlﬂgél a&i dq'\/ﬁng\LeQn@leé a lt;g)&(t%(&nt al

axi s. adi'én Phear appr oxi mat i on enabl es to
det er m ndldvshes nnlganétduccbyssd‘al michis veilibeoteeerpyrykagrishlatotherdipstreed.ciibgst al

grains ofyelifig re d”m%lsshﬁb'ﬁ&dﬂ nP e othdr Hanal Byl heforhild ,exlbetnsﬂinso

signifies that t poi nt_ of |nter§dect|on bet ween t he extension ﬁ{e
| i near aﬁswmgrﬁmn@ﬁn3}1&'111%1%10}%?%82‘0%%(1‘"‘ presents the sane inerapha ppd Hus he film
t hi cknespadily a®fantdiR SFAAQGIINE 1tRé [rbaRrsS tté li'éfidJl‘dﬁ'emy‘ K.&3. ofidgi fromi shea gr aph

based on the results shown i . showi n o n the wvertical
axi s andg"taﬂgmf Hf@ﬁﬁl’é‘g’ér %F’r?ﬂ@ar%g%%ﬁg{gf%egféﬁgfe Og/%%%ax?%e hori zont al
axis. The result of Flg 6 is an exanple correspondl ng to the formula (4)

gi ven above,;ag ﬁ%ﬂ &rord %ﬁiu?hg% &P& rﬁg(ﬁggglta\te\ﬁeﬂoythﬁuﬂizéﬂﬁbn cah b [ X 106

erg/cm9l from |near approxi mation, and dini = 7.5
[ nmi frod¢$héedmfeﬂ@~eqat of the horizontal axis. As the formula (4) given

above shows(§ }Iﬁégg%enﬁﬁgﬂ‘ﬁy ﬁfagn&ﬁ@ﬂ@c&rhﬁlgtxﬂé(ﬁlkﬂ%ﬁarﬁﬁ th@ﬁrrdﬂﬁi@ﬁ@ﬁ(yﬁﬂyéﬂ l'ine -
structure part 13 is infinitely close to zer LS g %ss to say that
we  shouFensistingiofhe eplypnar ’E}I‘éfﬁ‘d’etl??ét PHY IR ﬁt‘j I}adl,OWng PSPPSR Rd for

anal yses gerkbs as Xhal k&mﬁ@@g&mm cKardewgri¢&@) by hke nanomtysalliny sipuetire glhaov e
suggests t hat n under the conditian. re.th hi e

nanocr ystUTPiSiae sﬁ PUREPE JAYPELS a‘fﬁ OWS a%zeror%doﬁox@ﬁéi}t(ﬁ%ﬁgémﬁﬁﬁ
gr adi ent Toérefdre, Ibynémrmmprgmhmamt@m*lbset@l@é{@ynﬂm@t&nﬁek grain of

magnet OCEIYa?B@ﬂlJ Hi}gtal %Qélﬁgtorf QHé( c gﬁﬁ{ap s@lfucﬂﬁ'g r}ﬁfrf an&/by %ﬁé‘lthlglhfé'sél%f @he t he

col umar ructu ar , det ai | gCI’I t i ons have. been gl ven
based onnpegayAtalling p%m'sqtbw Partf Jl e gther tpémerl iqulgh FRERSHChBBIAREYY dvag
and di ni coddeRMer, and theShidRBEHs®8 thel farrByighdifitlayer dMes, the evaluation method

of medium related to this invention enables to analyze separately the thickness and
magnetic property of the nanocrystalline structure part and the columnar structure
part that could not be analyzed separately by the past evaluation method.

(2) When the thickness of the nanocrystalline structure part dini is greater than
zero, by using the formula Ky x dMes = Kgrein x (dMsg — dini), the magnetocrystalline
anisotropy constant Kugrain of the recording medium and/or the thickness of the
nanocrystalline structure part dini can be determined from the perpendicular magnetic
anisotropy constant Ku® and the thickness of the ferromagnetic layer dMee. In other
words, when the nanocrystalline structure part is present, its thickness dini and the
magnetocrystalline anisotropy constant Kuerein can be quantitatively evaluated.

(3) Regarding the description of the subparagraph (2) above, it is possible to
visually obtain K.ersin and/or dini by utilizing the linear approximation of the graph in
which the aforementioned dMee is plotted on the horizontal axis and the product of the
aforementioned Ku® and the aforementioned dMe¢ is plotted on the vertical axis. And if
the reference line of the linear approximation is previously determined in the standard
test piece, depending on which direction, upper or lower from this reference line and to
what extent the test piece of the prescribed film thickness deviates, it will be possible
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‘area and vol une’ can be taken to expand fornulae in place of filmthickness,
to prepare graphs thereby and to determne |ikew se Kugrain and di-i.
However, these graphs do not allowus to read directly dini, and it wll
be necessary to calculate the values read. The nmnethod related to this
i nvention, on the other hand, adopts a fornula expansion focussing
attention on filmthickness Vag or dini, presents the sane in graphs and
thus has the advantage of enabling the readers to read directly Kugrain or
dini fromthe gradient of the.lineak .appfaxi mati.on. an el pt of
the hori PoRtHMme e Caups, Ogtﬂﬁeerﬁe ﬁ}%?ﬁflﬁe“% {el\?béa’l irljrlgteiﬁgér}“%eﬂﬁ%% E)df B;rsg%?lg rel at ed
to this ¢omuehtthedepmitidnecondésoy ofbmddiam fod |tovsass(prpdiPhen pedpundiagingar
magneti c ' edi erein the ferromagnetic |layer consisting of

g A %emﬁg%eg;r@gy%gtph g y g

the col ulmar . s . overlying the nanocrystalljne structure part
serves as t & Fremdhelgragliong\pé the EndayApReqempien ithjhe graph aprpdioped &t fhene

st ruct ur g,1parderafPeP hbsvie NGhefrhdbde BHeRsBliRaNh 8@ rspysBStafl K @nb @dmagnétandom
t hree-di nensjional |l y i nj

.. Therefore, by deter i ng the magnetocrystalline
ani sot rOWS%E@E’&%“%@I‘&PHM&U“CH%%W‘@n?le%?gfm ai ns of the col umar
structure p&)t Feodl/ e tpatt bf clueesstioh béteeematiec rexsinalohi g ther liotar e part
dini fromthe perpendi cul magneti c.anks 0 e
t hi cknes&YP* logéq?‘%ﬁé%%fé% %a%lrﬁa?%?no Sy d?%{l%ggbé)\?%?%g{ﬂ?g@ Jég{,%gﬂﬂt}%ep nedi um
rel at ed tfordrhérgionnd botizeptalerah teesthicknasrad™y 26 theapmoenyetallinehruckire lpagiss and

magnet i Ccﬂ{ﬁ’e‘)@erté%ﬂﬂgd.t he nanocrystalline structure part and the col ummar
structure part that could not be anal é}éed' separ at el g by the Pl%%t .
eval uation nt Rggr wys\ierlt he RoRFIblents Srigflyt spatmee & ripltea P MRenetiG uct ur e
part di nbrdé)_‘értgr&@lﬁ&ﬁleﬂilﬁ@ﬂmaﬁﬁfa@turm byl SorétlyNR tdrafinink &atiugradtied d/BgpeinKugr ai n
x (dMag e dl I’N%P,, t he magnetocrystalline anisotropy constant Kugrain of the
recor di n§t METFUHRBnd/ or the thickness of the nanocrystalline structure
part dini cé) Iheddittoar whaedhd tloehriebedYre op ehrediinaslr approxgnatidncin gwigsaph opy
constant Kul. and. t he thi ckne t f 85 STRIRGLLS: Ly 6F vAYB%roh Rndt her
wor ds, mﬁeeﬁltlf)ﬂee({jﬁlasr\ug’g%agfﬁ%l ?’?lggiflter 'u%'té_lu?‘e. part ﬁls_ Err elsent.Y i‘t’sr% hi ckness
di ni and afdrementigpadt ¢at ysaral Fhenedistuibygioropy denghis tl‘?ﬂiuglir&Ptr‘PIbdﬁ tslae
quant i t at,peh¥n SRl Wah&dlysthifihe Batatudd part thepsessrhnbl By tliidgwcsuhpar agr aph
(2) aboveh_ t 1S possible to visually obtain Kugrain and/ or (gl ni_b
utili zi nghisHlstripheen. the grtsipciat sooRItpR Ratredy Q}?h“ Cryﬁﬁi‘ 5&:‘1? ftheeture par
af or ementan@nke cslvh@at strpdtatd pakt @an bbevilaniedofihatefons i the amfdrmdtiorpeothist  of
E/QI‘Gt i 2;?&%%%“ Eilafg\g%e}l Iit%((ynl walilrllct)et Qr? elfe EV%”E\@MNP @?%ré@s@ly’ §orRL&tt§1§che?)BsihB§

conditions of medium and to mass-produce a medium having a preferred magnetic

property.

(7) When the thickness dini of the nanocrystalline structure part is zero, by using

the formula K.t x dMse = K,erain x dM=g, the magnetocrystalline anisotropy constant

Kuerain of magnetic crystal grains of the columnar structure part can be determined

from the perpendicular magnetic anisotropy constant Ku' of the ferromagnetic layer

and the thickness dMes of the ferromagnetic layer. In other words, even when the

nanocrystalline structure part is absent, the magnetocrystalline anisotropy constant

Kuerain of magnetic crystal grains of the columnar structure part can be quantitatively

evaluated.

The above description has been made by taking up the case of the medium
shown in Fig. 1, in other words the medium wherein the nanocrystalline structure part
13 overlies directly the base substrate 11. However, similar functions and effects can be
obtained from other constructions. For example, a medium wherein the nanocrystalline

structure part 13 shown in Fig. 9 is prepared on the base substrate 11 through a metal
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‘the reference line of the |inear approximation is previously determned in
the standard test piece, depending on which direction, upper or |ower from
this reference line and to what extent the test piece of the prescribed
filmthickness deviates, it will be possible 15 to assune the cause of the
deviation. This will be an effective neans to precisely control the
deposition condition of nmediumand to nass-produce a nedi um havi ng
preferred magnetic property. (4) Fromthe gradient of the |inear
approximati on in_the graph ntioned in the subparagraph (3) above, the
nagnetogﬁ?g‘%@fﬂﬁgnh ?8&?%%§'constant Kugrain of magnetic crystal grains
of the columar structure part can be determned. (5) Fromthe point of

i ntersection between the extensiqﬂnBB.%H i near approximtion shown in
the graph nentioned in the subpara?rap _above and the aforenentioned
hori zont al doime, embaslimpitsiare givea blowfto [aecribariscpgst deils Ehig iRveRfigle part
can be dabREENEE inddhtRhRShoMRRES) tol thedbinibolBnd@ssi bl e to strictly control
the val ue of magnetic property of the nedi um manufactured by correctly
determ ning said gradient or point of intersection. (6) In addition, when
t he thi cqnesRliddag)of the |inear approximation in the graph nentioned in

ot A O B Y b Bl g

aforementio [ Int ckness direction of the
af or enenirivengch mwamperpgsdiatlair magseticirdcardngmedivgawherein e tleoNiCrikadfilnBis t aki ng

account féﬁtyryﬁng& Sh &hé@u&ée%ﬂ%,stygg C;]lis {atf@ﬁfoﬁﬁgﬁémqgmi 4 sqaewh%\ﬁq Whe

nanocrys € structure par he col umar structure p can be
eval uat ebe demebesore, the information on this interfacial condition will
be an effective neans to precisely control the deposition conditions of

medi um and t ss- prodyce a nedi um having a preferred magnetic roperty.
(7) Wen ther&f‘h & i ye'i)f%?tsﬁ %‘88} 8’355 TR PY Jeg L S létf?g?gs zero,
by usi ngdeposiiohoappataatukibhving divagrl=pisgymaicanditiciv/ag aboutel(aivet] oeligls il | i ne
ant SOt OB EPT1RS Alno KUGKE Bn@ligHAMIR fof HEXSHANYEA WO badeh Cutie@atimar
structuré part cannbe de ern1n33 rom t he petpendi cul ar _magnetic

ani sot r opgnErsasre durikg| the fahriratipe prensegy es inaintned ata2R) Fhb Amgascwass dvag

of the fQLIONPHIG b&st BYEInd 1R LkhHREsHRS #8s mEBURRInSN & 2LNE [mTorr]. Media
wherein the thickness of the ferromagnetic layer varied within a range of 10 — 50 [nm]
were fabricated by changing the deposition time. A disk-shaped glass substrate was
used for the base substrate, and a Co — 13 at % Ni— 16 at % Cr — 4 at % Ta alloy target
(purity: 3N) was used for the target for depositing the ferromagnetic layer.

The disk-shaped media manufactured were transformed into circular test pieces
of 8 mm in diameter by means of an ultrasonic processing machine (made by Choonpa
Kogyo K.K., model M100).

The dispersion angle of the orientation plane and the orientation plane normal
line of the film made on the base substrate were analyzed by the X-ray diffraction
method (XRD: made by Rigaku Denki K.K., model RAD-B). The microstructure in the
cross-sectional direction of the film was analyzed by using bright-field images and
electron diffraction images obtained by a transmission electron microscope or TEM
(made by Nippon Denshi K.K., models JEM-2000 EX, JEM-2000 FX).

The saturation magnetization of test pieces was measured by using a vibrating
sample magnetometer or VSM (made by Riken Denshi K.K., model BHV-35).
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‘nanocrystalline structure part is absent, the magnetocrystalline ani sotropy
constant Kugrain of magnetic crystal grains of the columar structure part
can be quantitatively evaluated. The above description has been made by
taking up the case of the nmedium shown in Fig. 1, in other words the
medi um wherei n the nanocrystalline structure part 13 overlies directly the
base substrate 11. However, simlar functions and effects can be obtai ned
from ot her constructions. For exanple, a nediumwherein the nanocrystalline

structure payt, 13 shown,.in Fig. .9 ] r r t - 11
t hrough a nelgﬁlfﬁmﬁagghfa?@ g¥§ @gﬁ“ e$%§ﬁ§%gﬁ§§lmgnggﬁﬁﬁgggﬁﬁégkg
enbodi nmeextmpatasioginvshodbby osing @ stbfsoadebigh sensitivityl éargi¢ Magnetemepyelr on.

However , i LBYEON] AL dRofRl sl hlsQof NEPE 1670GAYATPRRS, ihé Eppiedi ment 1)
I'n this enbodi nent, t he CaSEkOf aePIyln t he eval uati on nehpa&wrelated to
this i nmesnqtisdielowas pempdndked an ﬂ*ﬁgﬁ%ﬂoe sperdf dho gragaaiafiplomes &t a
CoNi Cr Taaf fwoMekfee/std.r ectly applied on the base substrate as a ferromagnetic
| ayer as shown in Fig. 1 will be described. The ferromagnetic |ayer of

sai d medi um was fabricated by using a sputtering deposition apparatus
having a badikgpressur setcofhdhotograpbé shbwirtg ﬂ&}?eﬁﬁbwyﬂethbhﬁbstﬁaﬂWDst t he
Same as }Ilrfcq-os&?&%}e'iﬁ th? gs-gé?:'ii{)ﬂﬁs(ﬁregfi&gB'f:gﬂe%edia_ﬂez'eﬁ%épt SRS &t tfon
tenperature during the tabrication process was nmalntained at 250 [C], Ar
gas was bymednsef a FeMpAnwag shay &) sha brigks fisdd imagecd thesaghen pfed 1eapiped at 2 -

\% ,E hmrgr ;ln;’agﬁ/%gid"i’recﬁ%ﬁéﬁisﬂin hechNiceirRess 50f nh RRick @k loRGRAEh&id 1ay&arivari ed

e of 1 50 [ nm. re fabricated by changjng.th eposition
time. A 6?§K3§ﬁ&§§&U@P%§%“§§gL95gf%gﬁﬁ%Qmﬁgé@'gh?¥?ﬂﬁgﬁgg%&%ﬁﬁgggéﬁé, and a
Co ;j ]-:]-3 @Fteﬁﬁ/eﬂ\rﬂiffrac]tﬁfnaﬁgug@%ade Ay ahe %@1&? dafftdaoport ategeid. ThpphotograpBNp) was
use or e targe r depositing the rro l.c |aye | sk- shaped
medi a At ngd‘t‘RA%f%é‘aW‘gﬂé #5 %II%H 1358 %(P%tf?cgﬁ'l%g? %l%ns% ?}é} ‘(r’ahc? ep-smgoég é@(n’m i Ir[:
di anet er (Dy andkahs pbbtographl o) aboms chepremvdissl expmmmibisi the ¢aramipahyr@pivdhpa
Kogyo K'ﬁﬁgoﬁgq?ﬁﬂMﬁﬁghﬁmﬁgﬁhgiSperSion angle of the orientation plane and

r

the orientation plane n

Fig. 2(a) shows that on the side of the ferromagnetic layer 12 closer to the base
substrate 11 there is a gray contrasted layered structure, and that a columnar
structure overlies that structure. Hereinafter the former shall be referred to as the

“nanocrystalline structure part 13" and the latter as the “columnar structure part 14.”

From the nanocrystalline structure part 13 ring-shaped diffraction figures V)
were obtained, and from the columnar structure part 14 spot-shaped diffraction figures
were obtained. These diffraction figures are deemed to have resulted from the
diffraction from hep (002) or ¢ plane of the hep structure. Therefore, said diffraction
figures suggest that the nanocrystalline structure part 13 comprises fine grains with ¢
axes oriented at random three-dimensionally, and that the columnar structure part 14

located on top of the same comprises a single crystal grain oriented in the ¢ plane,

Fig. 3 is a XRD profile of the medium shown in Fig. 2, and shows the result of
examination of media made by changing the thickness of the ferromagnetic layer 12.
On a test piece 10 nm thick, no diffraction line was observed. On test pieces 17 nm or
more thick, on the other hand, the intensity of diffraction lines from the c¢ plane
increased as the film thickness increased, and no diffraction lines other than those
from the c plane of the hcp structure were observed on any medium. The measurement

of the rocking curve showed that the dispersion angle of crystal grains oriented in the ¢
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‘line of the filmmde on the base substrate were anal yzed by the X-ray
diffraction nethod (XRD: nmade by Ri gaku Denki K K., nodel RAD-B). The

m crostructure in the cross-sectional direction of the filmwas anal yzed
by using bright-field imges and electron diffraction inages obtai ned by a
transm ssion el ectron m croscope or TEM (nmade by N ppon Denshi K K

nodel s JEM 2000 EX, JEM 2000 FX). The saturation magnetization of test

pi eces was neasured by using a vibrating sanple nagnetoneter or VSM (nmade
by Ri ken Denshi nodel BHV-35). 17 And perpendi cul ar nmagnetic torque
was nea§ﬂ?@ﬂw6?895@g§?8F ffénti oned extrapol ati on method by using a

sel f-made high sensitivity torque nagnetoneter. For this neasurenent, the
ef fective sens Vit e ghetic
Fiel o v sah bl oGy i, DB ol lyeob HEr SBOAA Flolfmanct | o
set at ozf\mbe dfsgeraentinaed cEnppsitipn; wheyeinethe gangemyptalre pHEcEFONTHYS thiter esul t s

of exami f Bndic tlgfﬁar 'i'ﬁccroﬁﬁ)rrirsb@tﬂﬁee ghdInd t'\a@ltlﬁi"@3a$ua§Qﬁ*leln(t’)eﬂlfﬂatdirarnﬂ&fnl on of
t he rredlum eate to this invent by peans of a T A}gongt (a) is
a bri ghtﬂ’ffP‘éfl’Glelnl‘%’&Qél Hithe RerRediq Blﬁg e %?lsw@éecmﬁggd’é Y d.?

deposi t i AghodryseNiky Steudthderpa®013ue teigderas a ferromagnetic |ayer 12 on t he
base substrate 11 consisting of a glass substrate. The photographs (b) and
(c) are electron diffraction figures nade by the mcro diffraction mnethod.
The phot ogr afithetdfyre, abalascribed inethel besbfmalearh erirrgng leat dheynveayiep ethe

structur ﬁefq{p Iﬁ(ﬂblﬁgr th nétﬂ: e@&dﬂ{é%gﬁﬁﬁp@/he&m theaf@ﬂoﬁllagné}mra G &)Bﬁ)oé&l) shows

the resu exam n e colummar structure egi on in the
phot ogr aph teayolumpgr SQ‘Q@}IP% wevis 14 loaerlyng tthe rga\ing@ry@tﬁ %q?eS“F‘é"rt\“E?nﬁ@‘ﬁe]t?’i c |layer

12 cl osegeri hehebR8& dingURS Rbpribds RS Efihs h@vlgg aaax@@&tléxﬁ,sd at rdmipar ed
structure, and that columar stru aﬁﬁ%ee ]ga\ég es that ruct ur.e
t

Her ei naf tiyeedipensimally & afaid pRanosyyst ﬁ’é b naﬁlilbc ryst A1 e
structur aama:['j'tstélﬁne aad it Befiledtaselin, dbe thiekdesobfuthm derrahagretio rl:gyepas dME4 " From

e Ot Bl G AR B Rbby e dnir AARAGmHLc28Yd: O 1 Liuies (b)

wer e obt e Cco ar structure ar SpO -sh
di ffract |tlmmmf.ag!gﬂm<esstauma @n@btrapmemstﬁnlﬁéé maamrtfcrcmtabgramsgﬁ thes Cfév@n%e nmed to

have resyf, L%ﬂl b?ﬂ? :;sh@ugmd' T};Jr@ﬁfé Qf wfll[ /e Béé?olé Q9 tePhrirfe Rlean@n@fortdre hcp
structure. ererore

t t th
nanocr ysten Kne ag e S?Iée%‘é‘gtt Elggk‘lﬁoﬁgﬁuéiéguheﬁ@ssg}? i o \tt/&‘eta{‘?%&at the

relational expression Ku' x dMeg = Kerein x (QMee — dini) is valid.

Fig. 5 is a graph showing the relationship between the perpendicular magnetic
anisotropy constant Ku' of the medium manufactured by this embodiment and the
thickness of the ferromagnetic layer dM=, Fig. 5 shows that the value of the
perpendicular magnetic anisotropy constant Ku' gradually increases as the film
thickness dMee of the ferromagnetic layer increases and that when the film thickness

dMeg reaches 35 nm or more, it shows a saturating trend.

Fig. 6 is a graph prepared based on the result shown in Fig. 5 showing (Ku* x
dMeg) in the vertical axis and the thickness of the ferromagnetic layer dMee in the
horizontal axis. It is possible to use the linear approximation of the graph shown in Fig.
6 to determine Kuersin and / or dini, In other words, as said relational expression Ku*
dMeg = Kerain x (JMag — dini) is valid, the gradient of the linear approximation enables to
determine Kuerein and the point of intersection between the extension of the linear
approximation and the aforementioned horizontal axis enables to determine diri. From
Fig. 6, it is possible to read that Kusrein = 1.3 [ x 106 erglem?] and diri = 14.0 [nm].
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‘axes’ oriented at random three-di nensionally, and that the col umar
structure part 14 |ocated on top of the sane conprises a single crystal
grain oriented in the ¢ plane. Fig. 3 is a XRD profile of the medi um shown
in Fig. 2, and shows the result of exam nation of nedia nmade by changi ng
the thickness of the ferromagnetic layer 12. On a test piece 10 nmthick,
no diffraction |ine was observed. On test pieces 17 nmor nore thick, on
the other hand, the intensity of diffraction Iines fromthe c plane

i ncreased as thefllmth ckness in.rea a ot her
than those o f}f?é"“cmphﬁné gtt P 1“H’c§1 §’tc?te@tur ge}u%ere o%1 g?\?lg%j gt%ﬁ any

medi um Jere (theaspioanadicatedfbyt shdiqne diviesigorc thev sids Ivdwee thehaalue &' idisther si on
angl e Oflr?ea¥ %@'rmgﬁﬁhgﬁ iQr i fe?dTh{% Evrh%egtslﬁlapl enbRs B hdeHLeRr | ess.

In short ecomnme evi ent t per pendi cuI ar magnetic recording
medi a  ofrosswectadrol eirenof Gieed. dbemntstiageopf WeraziopryerdingapERIY A A0 IRe

structurgRafhl bfurRhar! BPucth@l pATRONR! kzgb@VRd That GRIEMI diﬂ'@reﬁbd@emgf}iél ns with
c axes oriented at random three- dinensi Ona”f-{ﬁﬁggleigef El?en i k magneti c

ani sot r ofyection of Eh?tﬁlkuﬂl_"k“e%‘ifa’t‘% the SPRFEYS BRAP o BASAr E 23 as
bei ng zesmsidthdle! Didrefors i@esill bbegbstiblet he deesiminmdbe afisteibutiyn ng thet t he

inventio t he er pendi cu net ec u r

ferrorragﬂjéﬁngsei ay/&f lc%m())gsl[e(f n%‘frlxsgaﬁl eunsﬁél%%‘g%r[?%?{u 3 Vggret &14 O\E}ggrl yi ng

t he nanoguarsitatively ¢his ttaili pair @Cpbmtalmthes@rws ingBigt ﬁ@hp‘écﬁgiﬂ diraefiqnagfey

conpri seg fine grains having c-axes oriented at random three-

di mensi onal | y in said nanocrystalline part when the thickness of the
nanocrystalline part is defined as dini, the thickness of the ferromagnetic
| ayer as (gligb&@imedd® Per pendi cul ar magnetl c ani sotropy constant of the

ferromagnetic | ayer as. Kul, and the ef,ocrystal | i ni sot nopy const ant
of magnetic @ {haf smbghiment, gt shoywn iy By g thes?‘%éﬁco?tﬂpg b%ﬁ e §v ug‘%{%l n.
Ther ef or eethdd wdldted e tﬂlﬂSMVbhﬁort @o dbé¢ e)erpemdxcm»grmhgneaincbbmrdmgnmedmnom Kul

and dl\/agglt by i & ﬁt'epaq Halé r‘?%ktil% 13fpgﬁaljea"befwegsn 41 5o (sle ssuﬂét?aﬁeollt Bfa hRet that

the relatronal Bﬁessm Kugrai n X - |n|) s valid.
Fig. 5 idreompenptic ttyend hyilt bredeseribad; mthiﬁae‘t@é\twtwr?q%% BeApedt cradia
magnet i ¢ yhafis %J ﬁﬁ&nﬁwﬁﬂf th'élferr&fna ARic TRy U ViR fndhin! b @engy oft 101 S

enbodi nent .an hi ckness of the ferromagnetic |a 5 shows
that the5Qdrm Wélfe ftaﬁ’é‘catﬁ‘érlﬁ@’i‘f’d’%@t Té‘rfﬂﬁ’atjﬁ%f‘?e%fg %PP%Eibat:ehﬁg‘fr Efg%
gr adual | ysitRick@Rs @&s fixed 7.5 [,

In other words, the medium related to this invention consists of the

nanocrystalline structure part 13 underlying the ferromagnetic layer 12 overlies the

base substrate 11 through the metal base layer 15.

The other points remained the same as the embodiment 1.

Like the embodiment 1, as a result of examining the microstructure in the
cross-sectional direction of the medium fabricated with a TEM, it was found that the

ferromagnetic layer 12 that had been deposited consisted of the nanocrystalline part 13

and the columnar structure part 14 overlying thereon.

Then, the perpendicular magnetic anisotropy constant Ku* of the medium
fabricated was determined by using a high sensitivity torque magnetometer in the

same way as the embodiment 1.

Fig. 10 is a graph showing (Ku' x dMes) of the medium fabricated for this
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't hi ckness dMag of the ferromagnetic |ayer increases and that when the film
thi ckness dMag reaches 35 nmor nore, it shows a saturating trend. Fig. 6
is a graph prepared based on the result shown in Fig. 5 show ng (Kul x
dMag) in the vertical axis and the thickness of the ferromagnetic |ayer Vag
in the horizontal axis. It is possible to use the |inear approximtion of

the graph shown in Fig. 6 to determne Kugrain and / or di-i. In other
wor ds, as sai d rel ational expressi on KuI x dMag = Kugrain x (dMag - dini)
is valid a.dl gt of [l get:er m ne
Kugr ai n, élﬁ}ho IP lﬁlo'i ﬁtvegfc 1grasec | on 8t e Oﬁﬁéﬁ ex elrelglléé) thlg | i near
appr OXI i lomizame! akis. Bf Eﬁ&rﬂé’nth%n’@dkﬂomdmmsaﬂheaﬁﬁlﬁt eﬁabarwaflen @&fer mi ne
di-i. 191@1135{ gibn@ateﬂ jlc&og‘lhﬁi S8 1thl s%rﬁlﬁ)dfﬁ@rﬁ &1Qﬁ‘tthé<‘dgartﬁ' lﬂise‘ l:ai‘ayei3 dnd¥thb06

erg/ cnB] “an as shown in Fig |um

di
fabri cat @ark@rlntiw@Sé%wp 9%}1&%1330@ af p megiym a%@ﬁ@nﬁ é‘gﬂ}fnenilwgf BeRled by

obli que | L@sht @R ksl m@&#ﬁ%mﬁﬁm fyedet@esieg of the linear
approxi mation is smnal his suggests that, as shown in the schematic

cross-sectional viewof Fig. 8, the int erface of the nanocrystal line
structure paffomlBig. \M')tllﬂ waleonfiinwineiat eté o Meelxq)ha‘ting&eépsctmggedneamld t hat

hei ght dff qren the i L i t
concave. P it s TikAE aphokFlloBintthol Rl e Tebliuf KDERE AMRAYE,
will be ps;ssutbisehne@r d@pmxnnm@oq hetbﬁ SAme brayi @ﬁwthmemh@dlmtem dktesmediar ect i on

of the ”Pa"l%?f%{n)ééfa@éo'r&lﬂ? t§ttl'il's',%§db6§m%rttané%a€}yh§s)’1 WathétADbaddUari (rdkkate! y this
tail part. Incjdental

e ar t d t
axes. (EMBoumiehe (12‘)1’“@1%2’t‘t"l‘*lliyse"é"?’?'{f’g?%ﬁ\!S ﬁlﬁﬂla ”%sﬂ?hs e Pf]gi‘mlmr—ec $E6‘ ggse of
appl yi ggeltgb&@\mh Hatd Rinl, BR! gacthé otk @end,aht Mhlid fa\bemueo mcdoﬁ)dlhlbeo the
per pendi cul a. na cor 15
pr epar ed® ‘Bb?‘ikﬁ‘@ﬂgg {hr?}iégl sﬂﬁt@rﬁ%ﬁe a’iefmglﬁ\ém%h@)q?g omagne |a§1 T gi‘é’g{ 12 :MS| I
be descr iltreekg/chnsl, dhi=s140lam)aThenefope,ot ees, coafivmed ¢hat e intdilectiontdraei n t he
thi Cknes?neg;l\{%% eﬁlayé%o%& Eé@ﬁ@%f)ﬁ&t&%ﬁ{ﬁ \;gergﬁrﬂhgﬁaﬂ\éctrﬂtﬂhﬁe t@0ggref 10 -

50 [ nn] m was use met al  base
| ayer 15paridl3 istthin; and ithe serpgadicliay musppticzanisgtrgny coppagt Ffer ohagaeti¢ ne

medi um r ehat2grdifs thé cdlIMBRE stPhctaRNSirbishigf, the nanocrystalline structure
part 13 underlying the ferromagnetic |ayer 12 overlies the
And on the media fabricated according to this embodiment and each having a
metal base layer 15, almost no tail parts were found on the side where the value dMee of
the linear approximation is small. From this, it was confirmed that the introduction of
the metal base layer 15 is an effective means for leveling the interface between the

nanocrystalline structure part 13 and the columnar structure part 14 formed thereon.

(Embodiment 3)

In this embodiment, the case of applying the evaluation method related to this
invention to media of the layered structure shown in Fig. 1 fabricated by using CoCr,
CoNiCr, CoCrTa, CoCrPt instead of a magnetic material CoNiCrTa constituting the
ferromagnetic layer 12 in the embodiment 1 will be described. In this process, a
number of media wherein the thickness dMee of the ferromagnetic layer 12 varied
within a range of 10 — 50 [nm] were fabricated by changing the deposition time in the

same way as the embodiment 1.
In other words, all the media related to this invention had the nanocrystalline

structure part 13 underlying the ferromagnetic layer 12 directly overlies the base
substitute 11.
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‘base substrate 11 through the netal base |ayer 15. The other points
remai'ned the sanme as the enbodi nent 1. Like the enbodinent 1, as a result
of exam ning the mcrostructure in the cross-sectional direction of the
medi um fabricated with a TEM it was found that the ferromagnetic |ayer 12
t hat had been deposited consisted of the nanocrystalline part 13 and the
col umar structure part 14 overlying thereon. Then, the perpendicul ar
magneti c ani sotropy constant Ku J- of the nedium fabricated was determ ned
by using a high sensitivity torque nmagnetoneter in the same way as the
enbodi ment 1. Fig. 10 is a graph showing (Ku 1 x dmg) of the medium

fabri cated fTire dthéirgpof(s eetrosimesastthe ambhdimeat L.i cal axis and the thickness of
the ferromagnetic |layer dMag in the horlzontal axis. In Fig. 10, the mark
indicates the result of exam nation of a di um f abricat ed ording to
this embodi mewtpPexpeslicue %sreﬁtlcwmoayéqnstaaw&%t hef eagh mediym 5‘%,' #d the
resul t ofy,83aBihMabi 89 ushg @ HBHEHNtAREGIub thagaetoliRte@nodi ment 1 wi t hout
the netal base | ayer nentioned for reference. FromFig. 10, it was
confirmed that even on nedia having respectively a nmetal base |ayer 15 the
| i near appr oBignet isod gfmihhﬂidwng(Kilede)p(bf@dhmd@anffahnﬁ@ted dmdrdiyg tausi ng

this lin ar appr.oxi on the sa . d dia
fabri cat 8?@@4%"?*5&? hh t‘ﬁer lc"ﬂ'er?’f‘()ls anthV\k%%crgg esélctg:lﬁ gﬁogi\il’}lﬁ’ G fem%ngg] eﬁlé %gel{eml ayer
( mar ked 01) theciaimg dmethgUemizontat axiel KroeyBigudt.atiwas corfirineg tﬂlnbomanm@sﬁdm
K'grflings i [Eheti€t H¥gerPtldgy hand,
the nedia ﬂ%“ cat e(}j&goc%%nglﬁﬁgﬁ]er B %hdgﬁggé}?’ ment e%gmtﬁlc%}thi taI base
| ayer (nmamreg @FrhaeNia tekrlsf OrKC@@rP& the linpay; apprpximatipnemey hrs“f

14.0[ nm apﬂ'ﬁgrtgtlﬁyglotgt was confirned that the introduction of a rret aI
base | ayer would enable to fabricate nedia wherein the nanocrystalline
structure part 13 is thin, and the perpendicul ar nmagnetic ani sotropy
const ant K"'Amd lika ghe tinboditieys 1l aby geiag nbisdfnebheppokimation, 8¢ iushtowmeorpart i s

hi oh. Ansufl) i Papgeal dnl ARl AL A8 SRRL ALl mETBP AR, addapach

havi ng a rreta parts were found on the side
wher e t herains gfethﬂmyumﬁar stimectpfenpant inmael adinm gmd; the thickpessppyof thge s it

was conf hﬁﬁ&ﬁlyétgﬂﬁhe Tsﬂ%cﬂu@é &)Qldc%tlldoﬁb ffad eBRcHRIAIrAASR baueht bhows idNn

effecti ve neans for |evel ntth e interface between the
Fig. 11 and the intercept of the horizontal axis.

[Table 1]

Magnetic material Kygrain [x 108 erg/cm?] dini [nm]
Co-10at%Cr 2.5 7.2
Co-20at%Ni-10at%Cr 2.6 9.6
Co-10at%Cr-2at%Ta 2.0 12.56
Co-12at%Cr-6at®%Pt 3.1 8.1
Co-13at%Ni-16at%Cr-4at%Ta 1.3 14.0

Therefore, in case where the nanocrystalline structure part comprises fine grains
with ¢ axes oriented at random three-dimensionally in a perpendicular magnetic
recording medium wherein the ferromagnetic layer consisting of the columnar
structure part overlying the nanocrystalline structure part serves as the recording
layer, it has become evident that the evaluation method related to this invention can
quantitatively evaluate the magnetocrystalline anisotropy constant Kuerain of magnetic
crystal grains of the columnar structure part and the thickness dini of the
nanocrystalline structure part regardless of the magnetic materials that compose the

ferromagnetic layer.
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‘nanocrystalline structure part 13 and the columar structure part 14 forned
thereon. (Enbodinent 3) In this enbodi nent, the case of applying the

eval uation nmethod related to this invention to nedia of the |ayered
structure shown in Fig. 1 fabricated by using CoCr, CoN Cr, CoCrTa, CoCrPt
I nstead of a magnetic material CoNi CrTa constituting the ferromagnetic

| ayer 12 in the enbodinment 1 will be described. In this process, a nunber
of nmedia wherein the thickness dMeg of the ferromagnetic |ayer 12 varied

within a range of 10 - 50 [n wer e f abri. cat. by changing the deposition
time in the sane way as therpgﬂ'BBf‘F?r]e?Rpll‘?a%rlﬁ Yther words, all the nedia
reljat Fd to this invention had the nanocrystalline structure part 13
underlying t - I G, ' o

subst e i iﬂ%@ﬁ*ﬁi%‘;%@ﬁfe’r thes n?éndéeﬁl#% él%%%gsffﬁ‘@%ge gd?f‘seﬁf‘ﬁ%d e

per pendi tus mventagniatiudesmfestsmagpytictasen compopad of she panosrywtrlingsragipiec at ed
vas det ef g n@dedprithd Bnd gRAigl vABNE kb bii¥nle@ AUANITHNBIQFERAsioY. 11 IS
a graph show ng gKuI x dMag) of each mediym fabricated according to this
enbodi neARdeslyige dhe, sphumugr “grycturgnpantnkt ek R8s dalCof *PHES g?’Fe(STragnet ic
| ayer  ofThéRforganBe OdvalitioRomahed atelfdd Sto Fihtsm inivgntiohl,that wwests canf i r med
mmanet | cPRUEEPT U SHOBBH APBOBSHE e aots e MsepRaM by

| i near apmdﬁimeimnmtmm@dlhlisjeﬂyélesappidve*@ madi’artbatmrtabb.tomwrmm@ t he
embodi mepf, by s A9 fabliSatkd B6REa BRDS OKd TREHG0A MBinbd ty08r nd@bl e 1
bel ow, tﬁeé’ﬁ%a&et oqrygt%ml?ane ani s%t ropy C(I%S?{;stant n%jgélr aic z)lﬂﬁmnyggngt I C
crystal dgring phe fabrigation psecgpefthemedidt ure part in each medi um and t he

thi ckness dini of the nanocrystalline structure part could be read

nor  zont al - SARLEY preagige TprigrRere aduritiltt al B e Soati e G i

[nM Co- phatedo & 2hd horizGinal @aisYhhd ]tﬁatW@tG@iug x dMee) of multiplying the
perpendicular magnetic anisotropy constant Ku™ by dMss on the vertical axis relating to
media fabricated according to a previously preferred medium design, a working curve
consisting of a linear approximation can be obtained. Therefore, the media related to
this invention leads to the construction of a production line that enables to control
precisely the deposition conditions of the ferromagnetic layer including for example
composition ratio in the film, fabrication temperature, process gas pressure, electric
bias to be applied to the base substrate, etc. so that the media in the process of
fabrication may have a Kuerain value meeting the medium design based on this working

curve information.

The evaluation method related to this invention can analyze separately the
thickness and magnetic property of the nanocrystalline structure part and the
columnar structure part that could not be analyzed separately by the traditional
evaluation methods by determining the magnetocrystalline anisotropy constant K,erain
of magnetic crystal grains of the columnar structure part and/or the thickness dini of
the nanocrystalline structure part from the perpendicular magnetic anisotropy
constant Ku* and the thickness dMee of the ferromagnetic layer since the perpendicular
magnetic recording medium wherein the ferromagnetic layer composed of the
nanocrystalline structure part underlying the columnar structure part serves as the
recording layer includes the nanocrystalline structure part comprising fine grains with
¢ axes oriented at random three-dimensionally. Since it is possible to control precisely

the value of magnetic property of the fabricated media by evaluating precisely the
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'Co- 10at % Cr'- 2at %ra2. 012. 5 Co-12at %Cr - 6at %Pt 3. 18. 1

Co- 13at 9N - 16at %Cr - 4at %dal. 314. 0 Therefore, in case where the
nanocrystalline structure part conprises fine grains wth ¢ axes oriented
at randomthree dinmensionally in a perpendi cul ar magnetic recordi ng nmedi um
wherein the ferromagnetic |ayer consisting of the columar structure part
overlying the nanocrystalline structure part serves as the recording

| ayer, it has becone evident that the eval uation nethod related to this

invention can quantitatively eval eath net ocryst Illne tropy
const ant MRERfLELT gl?l f“oﬁy c&‘?@%‘f%a#{“géra tgagqﬂ glc 5¥S rr‘?m}sstruﬁ);‘gure par t

and the donmﬁimeasu(ﬁium part ahfiehe niokorsy sitvabfl theenatornystalline gavdtureeppat.dl ess of
the magn t|c erlal r dustri al
appl i cabf 5ty ,&sw?:i metﬁ(’dtbﬂ%t gd\;r{eil% rgﬂj&‘ooeﬂr %oagln(irﬁ)?lcui ar ttng}één%tx%gprro glgcglrogl ng
nedlun1rdﬂagbdu@ﬂynmﬂﬁgﬁmnveﬁ@nbmﬂgmﬁmm@@@r@'ferronagnetlc | ayer conposed
of the nanocrystalline structure part 13 conprising fine grains with ¢
axes oriented at randomthree-di nensionally underlying the col umar
structure part 14 which serves as the recording |layer. Therefore, the

eval uation nmethod related to this invention that treats the perpendicul ar
magneti c ani sotropy constant Ku' i"i of the nanocrystalline structure part
13 as zero can be applied. This enables to provide nedia that enable to
determne clearly whether the fabricated nmedia have the preferred nagnetic
property or not during the fabrication process of the nedia. And by
preparing a graph wherein the thickness dvag of the ferromagnetic |ayer is
plotted on the horizontal axis and the product (Ku 1 x dMag) of nultiplying
the perpendicul ar nagnetic ani sotropy constant Kul by dMag on the verti cal
axis relating to nedia fabricated according to a previously preferred
medi um desi gn, a working curve consisting of a |inear approximtion can be
obt ai ned. Therefore, the nedia related to this invention |eads to the
construction of a production line that enables to control ©precisely the
deposition conditions of the ferromagnetic |ayer including for exanple
conposition ratio in the film fabrication tenperature, process gas
pressure, electric
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‘bias to be '‘appliied to the base substrate, etc. so that the nedia in the
process of fabrication may have a K u-in value neeting the nmedi um design
based on this working curve information. The evaluation nmethod related to
this invention can anal yze separately the thickness and magnetic property
of the nanocrystalline structure part and the columar structure part that
coul d not be analyzed separately by the traditional evaluation nethods by
determ ning the nagnetocrystalline ani sotropy constant Kugrain of nagnetic
crystal grains of the columar strq@ ur e part and/or the thickness dini of
t he nanocrystalline structure part % he per pendi cul ar magnetic

ani sotropy constant Kul and the thickness dMvag of the ferromagnetic |ayer

since thg pe (PeH JoGilllc@far ﬁ%il%ﬁcfrﬁﬁl%r He B S HiTh W 4:8bRadda®ic layer

ferromagneti ¢ I"ayer compose nanqgcrystal |1 ne structure part
under | yi spgnrrisénecd paneraystalling srue@r it 20daPeyy cHEINg eI AL GIHCHY® PAfer

i ncl udesgdr i dgqng@c;rﬁﬁltgqh)térnﬁle%lhuct ure part corrprl Si ng fine gral ns vm th c
axes oriented at rand ee- di nensi onal pos
a

0

control pr ecﬁagieP?noc’fo qi}%ﬁ BEU TR é?‘f’B”f)ei’goff%’r qrﬂ‘n&fhatvhneg T abPi Oég’tn (ﬁl msdl a
by eval uaf diangoprtEseskinynditiallg3 nagnet ocrystal | i ne ani sotropy constant K'r'
n of the magh etic crys aj.ns of I t he
thlcknesg dl#l SFMPH kﬁﬁ%%?ll%a?Plne g?#ﬁ% g§§ﬂ£n$hiaﬁﬁﬁégg§§]hégﬁgn

met hod r ehmteectalbing btrsctirevent dlmctlaa)neldmﬁthel linge euhS@fattEhe mass production of
hi gh quakit 3’1‘ n%cu?arcﬂ? ﬁ@trec'aﬁﬁﬂgﬁdeﬁnﬂﬁ g&%MIMi t@lafh 3l Wlerdin oAid

perpend|cular etic recor medi um wherein a ferr netic |ayer
conpri si ngn(ézrsrﬁaﬂ Be paugHure ﬂ?é”s‘?‘ied&su‘ibé basge subients b gl %/gﬁdmﬁ'?)lrﬁ"r%gr

structur gag@qg§er(s$er ves as a recording Iayer wher ei n said nanocrystalline
structur

ri,.ses fine grains haV| I om
t hr ee- di ﬁenm ﬁzﬂef d?£ﬁ‘fﬂ%ﬂ%‘8§&éﬁ"8f‘8ﬂ¥ gfe nanér’i‘(ca 0|rclrl é%gfr&grggg’gwﬁéghﬁgp
accor di n@abmmlcﬁsﬂdhem}draee taysmiid a sofmognyste Alnl.i ne structure part directly
I sth di
over |1 es 5t he has8RURRAIR Lhendtic HIG AR RENUCHEAMEARUBANCL FRESIAARD medi Um

accordi I’l “to sal OCI’ yst I ne structure part overlies
the base fartimaematielayar wupplepf ermawﬂ@l aeBsigfing mainly of Co and Cr.

6. The perpendicular magnetic recording medium according to claim 2 or 3 where
said base substrate is glass.
7. An evaluation method of the perpendicular magnetic recording medium wherein
a ferromagnetic layer consisting of a nanocrystalline structure part and an overlying
columnar structure part serves as a recording layer, wherein

when the thickness of said nanocrystalline structure part is defined as dini, the
thickness of said ferromagnetic as dMee, the perpendicular magnetic anisotropy
constant of said ferromagnetic layer as Ku®, the magnetocrystalline anisotropy
constant of magnetic crystal grains of said columnar structure part as Kusrain,

said nanocrystalline structure part comprises fine grains having c-axes oriented
at random three-dimensionally, and said Kuerein and/or said dini are determined from
said Ku' and said dMee,
8. The evaluation method of the perpendicular magnetic recording medium
according to claim 7 wherein a relational expression Ku* x dMag = Kyerein x (dMeg — dini)
is used to determine said Kuerein and/or dini from said Ku* and said dMee,
9. The evaluation method of the perpendicular magnetic recording medium
according to claim 8 wherein Kyerain and/or dini is or are determined by using the linear
approximation of a graph in which said dMse is plotted on the horizontal axis and the
product of multiplying said Ku* by said dMee are plotted on the vertical axis.

10. The evaluation method of the perpendicular magnetic recording medium
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Aa?é | ayer (‘'s). '4. The perpendi cul ar magnetic recordi ng nmedi um according to
. claim3 wherein at |east one of said netal base layers is a soft nagnetic
film 5. The perpendi cul ar magnetic recordi ng medi um according to claim1l
wherein said ferromagnetic layer is made of a material consisting nmainly
of Co and Cr. 6. The perpendi cul ar magnetic recordi ng nedi um according to
claim2 or 3 where said base substrate is glass. 7. An eval uation nethod
of the perpendicul ar magneti c recording nediumwherein a ferromagnetic

| ayer consi sting of [ aalmlln structuyre ver: | vi.ng
col urmar 2P R& ﬁ)rgla’ﬁ%rgtw Vg 2 rmla. ngrofna%ger tgra\a%eglrt gﬂ Sgbd\/ﬁg%é/ "he
t hi cknessppodxisation.nanocr yst aI i ne structure part is defined as dini, the
thicknesy of SAldel SRR (po@%hggﬁggenh M1 gﬂ&ﬁcc‘ﬂéc%fdﬂ%%@&lhﬁ
ani sotropy constan Mt sal errona ayer

magnet ocadpetding itmelaimi Sowhersin thorrelunef ¢ iadaterminedr from they Peitsofof sai d
col umar ;pgd L MeHoH MR Rt tHRaSexBNA &, saff(ia-lllﬂeﬂaﬂﬁﬁ}biﬁmlohldhﬁ Silid Wetikdrgalpar t
conprises fine grains having c-axes oriente random
t hr ee- di #8hsi onal | y, and said Kugrain and/or said dini are determi ned from
sai d Kul 12and s eddtagtios . methéad a!?ahua;tdrpesndmﬂhodlaghemmeeqoedlpgn:diediutnar
magnetic rec rd| n rredl um accq 7 I
expr es sj 5§ 3‘11?& rrelarla Ahe dg%ﬁ}tgun&k rTghe maln%hé‘ d?rgEtEAIfitgir‘f %]Qﬁie sai d
Kugr ai n amd:fcmstadhm stmmrsapmmsl daueunmddfrdm ghe Qallm@rtevfwsevait ligpatret hod
of the p%&ﬁﬁﬂ{aﬁ%g{s&ﬁ G 1'p%r{ &6Q5 h e 8RR RAEQ HipPskiintich #hdke
wher ei n rain an I's or are determ ned by using the |inear
appr oxi Q‘@h‘lﬁiﬁfdé(‘aggﬁa@ﬁu?rn whi ch said dvag is plotted on the horizontal
axis and the product of nultiplying said Kul by said dMag are plotted on
the vertical axis. 10. The evaluation nmethod of the perpendi cul ar magnetic
recordi ng nedi um 25 according to claim9 wherein Ku.in is determned from
the gradient of said |inear approximation. 11. The eval uati on net hod of
t he perpendi cul ar magnetic recording nedium according to claim9 wherein
the value of dini is determned fromthe point of intersection between the
extension of said |linear approximtion and said horizontal
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‘axi 8. 12. The eval uation:nethod of the perpendi cul ar nmagnetic recording

- medium according to claim9 wherein the distribution in the thickness
direction of said nanocrystalline structure part is determned fromthe
tail part of said linear approximation if such a tail part exists on the
side of said |linear approximation where the value of dmg is smaller. 26
Expl anations in drawings Fig. 3 Signal intensity, I(a.u.) Fig. 5

Per pendi cul ar magneti c ani sotropy constant Ku-L (erg/CM3) Ferronagnetic
| ayer/ base .substrate Thi ckness of the ferromagnetic layer: dmg (nn) Fig. 6
Ferrorragﬁ’éql?r&a foélﬁérfﬁ’ﬁ‘g’élégssubstrate Thi ckness of the ferromagnetic |ayer:
dMg (nm Fig. 7 Ferromagnetic | ayer/base substrate Thi ckness of the
ferromag?%tbc | ayer: dmg (nm Fig. 10 0 Wth the netal base |layer 0

W t hout @ metal base | ayer Thickness of the ferromagnetic |ayer: dMg
(nm) Fi gSignal iwembisyii(atthe met al base | ayer Thickness of the ferronagnetic
| ayer: dMvag (nm 27

Fig.5
Perpendicular magnetic anisotropy constant Kut (erg/cm®)
Ferromagnetic layer/base substrate

Thickness of the ferromagnetic layer: dMeg (nm)

Fig. 6
Ferromagnetic layer/base substrate

Thickness of the ferromagnetic layer: dMe¢ (nm)

Fig. 7
Ferromagnetic layer/base substrate

Thickness of the ferromagnetic layer: dMe¢ (nm)

Fig. 10
@® : With the metal base layer
O : Without the metal base layer

Thickness of the ferromagnetic layer: dMee (nm)
Fig. 11

Without the metal base layer

Thickness of the ferromagnetic layer: dMee (nm)
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