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- BACKGROUND: OF THE!I NVENTI ON The present inventi lates to a
magnetic & , recording apparatus using a dispersed nagneaﬁﬁff

recordi ng medi um In recent years, the recording information
anoung ¢ :has increased along with the |T'proverrent in performance

of computers, dlgltlzatlon of image and audio I nformation, and the
| mprovenent .in imge quality. Wth the spread of small-size
conputers, storage devi ces have been downsized. As a result, a

hi gher . -~ Tecording/reproduct MITIZLIOR tBHE SINGEBNRIGN of such

devices particularly in the use of hard disks. 15 Real i zati on of
a ‘hi gh recordi ng dAGNABIGORECORDING ARRMIARUS recordi ng nedi um such as a
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coercive force. For exanBhEKGRAVRDBENEHEC NVEN%'IPHr rred
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In recent years, the recording information amount
has increased along with the improvement in performance
of computers, digitization of image and audio

_'10 1. information, and the improvement in image quality.
With the spread of small-size computers, storage
devices have been downsized. As a result, a higher
recoxrding/reproduction ability is required of such
devices particularly in the use of hard disks.

15 " Realization of a high recording density of a
magnetic recording medium such as a hard disk requires
a magnetic recording layer having a large coercive_
force. For example, thin maghetic films formed
from a Co-based alloy such as CoNiCr and CoCrM

20 . (M = Ta, Pt) have large coercive forces due to large
magnetocrystalline ahisotropy. These thin magnetic
films, however, have etreng medium noise. The medium
noise is caused by a stfong magnetic interaction
which acts between crYstal grains when the thin

25 magnetic film forms a stable magnetic domain.
'As a reproduction head, a_magnetoresistive head

m(MR_head)“and_a_giant.magnetoresistive head  .(GMR head)



25 magnetic filmfornms a stable nmagnetic domain. As a
reproducti on head, a nagnetoresistive head (MR head) and-a gi ant
magnet or esi sti ve head (GVR head) .

- 2- such as a spin valve have been used because of high
sensitivities. Al though the systemnoise-s r%duced'by usi ng such
a high-sensitivity reproduction head, the ~ ~ influence of the nmedi um
noi se of the nagnetic recording 5 medi um becones nore prom nent.
Therefore, reducing the medi um noi se beconmes nore and nore

i nportant. such asl@a regsiiic evd e ritalve rbéeen sesed hisetiaasef of Higher sed
magneti c recordi ng nmediumin whi.ch magneti c grains are dispersed in
a nonmagneti c nat rsensstiexidniewd. Allthough | the heysitapensidenagneedoced by
recordi ng nmedium a reduction i n medi um noi se i s expected because
t he exchange - using mugha ivighhaeoreit fatket repyeduetios heddeedihBy the
nonmagnetic matri x_ present between the magnetic grains. . However,
in the di spersed rfadignce orithegreiinmoias of thgdnagnether rpeayeingn
i n medi um noi se i s demanded, and a, further_jnprovenent is re uiged
in this respect. medium becomes more prgminepjnpribese r NORRF the
It is an object of the present .invention.t a, | ow noi se

0 provid
magneti ¢ recor di nd*« AUSH RAGAPESOre andyimoxes s’e’ﬂp‘r‘rﬁgﬁﬂﬁc recordi ng

medi um To reduce the medium noise, the use of a dispersed
magnetic recording medium in which magnetic grains
are dispersed in a nénﬁagnetic matrix is examined.

.10 In the dispersed magnetic recording medium, a reduction
in medium noise is expected becéuse the exchange
interaction between magnetic grains is reduced by the .
nonmagnetic matrix present between the magnetic grains.
However, in the dispersed magnetic recording medium,

15 a yet further reduction in medium noise is démanded,
and a fufther improvément'is required in this respect.
BRIEF SUMMARY OF THE INVENTION
It is an object of the present invention to
providé a low-noise magnetic recording apparatus having
20 a dispersed magnetic.recording medium.
According to the present invention, there is
provided a'magnetic_reccrding appafatus comprising
a magnetic recording medium domprising a substrate
~and a magnetic'recordihg layer formed on the substrate
25 and having a structure in which magnetic grains are
dispersed in a nonmagnetic matrix, means for recording

. magnetic information on the magnetic recording. medium,



According to the present invention, there is provi ded a magnetic
recordi ng apparatus conpri sing a magnetic recording nmedi um
conprising a substrate _ ‘and a magnetic recording |layer forned on the -
substrate 25 and having a structure in which nagnetic grains are

di spersed. i.-n a nonmagnetic matri x, neans for r3ecor'di ng magneti c
informati on on. the magnetic recording medium” ~

- 3- and -means for reproducing magnetic information fromthe

magneti c recordi ng medi um wherein the magnetic grains are separated
from the substrat eary reeques tf@f réproducing megnékianinformabioubframt thely
single | ayer parallel 5 to a main surface of the substrate. .
According to the pragrettic meegniding tmediunswherein theovagrgtifoghains
magneti c recordi ng apparat us conprising a nmagnetic recaordi.ng nedi um
~ conpri sing aze sigparaked ofem Hheneibstyaeory ng Paykrofothed on 10
t he substrate and having a structure in which nagnetic r ai re

di spersed in a norftalgniet ianGekQry a pigpstantiallysingle o} YRY gﬁﬁﬁii?i

i nformati on on the nmagnet] medi um and neans for

repr oduci ng fragnetf® & main s‘f‘?ﬁ%‘?%‘%fgﬁr‘ﬁc’hr%%??%aﬁﬁgnet i c recording medium
oD o an' e mmtnB e BTG, Bpbhehs 1iREpRh8RY Bublkie
provided another magnetic recording apparatus
comprising a magﬁetic.recording medium comprising
a substrate and a madnétic recording layer formed on
10 the substrate and having a.structure in which magnetic
grains are dispersed in a nonmagnetic matrix, means
for recording magnetic inforﬁation on the magnetic
recordihg medium, and means for reproducing magnetic
information from the ﬁagnetic réco:ding medium wherein
15 the magnetic grains have a flat shape along a film
surface, and an exchange interaction between adjacent
magnetic grains in an iﬁ-plane direction is smallér
than that in a perpendicular direction.
Accordihg to the present invention, there is
20 provided still another magnetic recording apparatué
‘comprising a magnetié recording medium comprising
a substrate and a magnetic recording layer formed on
the substrate and having a structure in which magnetic
grains are dispersed in a nonmagnetic matrix, means
25 for recording magnetic information on the magnetic
recording medium, and means for reproducing magnetic

_information from.the magnetic recording medium wherein -



magnetic grains in an in-plane direction is snaller

per pendi cul ar direction. According to the p
there is 20 provi ded still another rfmagnetic recordin
conprising a magnetic recordi ng nedi um conpri sing
magneti c recording |ayer formed on - the substrate
structure in which nmagnetic , grai ns"ar € di'spersed
matri x, means 25 for recording magnetic information
recordi ng medi um and neans for reproduci ng nagnetic
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I nvention W ll be set forth in the description which follows, and

in part will be ofnRffrateis Motdeere gtham, 73r- may be
practice of the invention. The objects and advan
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appended

learned by practice of the invention.

in part will be obvious from the description, or may be

The objects and

advantages of the invention may be realized and

10 ~ obtained by means of the instrumentalities and

combinations particularly pointed out in the appended

claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated

15 in and constitute a part of the specification,

illustrate presently preferred embodiments of the

invention, and together with the general description

given above and the detailed description of the

preferred embodiments given below, serve to explain

.20 the principles of the invention.

FIG. 1 is a schematic view showing a magnetic

recording apparatus according to the present invention;

FIG. 2 is a sectional view of a magnetic recording -

medium according to the present invention;

25 FIG. 3 is a sectional view of the

magnetic

recording medium according to the present invention;

FIG. 4 is a sectional view of the

magnetic . .



BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NG The
acconpanyi ng draw ngs, which are incorporated 15 In and constitute a

part of the specification,

illustrate presently preferred

enbodi nents of the i nvention, and together with the general
descri ption

preferred enbodi nents given bel ow, serve to e
of the invention.
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FIG 1 is a schematic view showi ng a

es

- recording apparatus according to the present invention;
FIG 2 is.a secti orebrdiay onkediumgeetdmlimer dadithye presentnediventaitenr di ng
to the present

recor @lfg Pedisud ssridingl tolanebridwemagrsei€i on;

a sectional view of the magnetic ) )
r ecoF8FRYFIABE Beddedordicerdiang e fhes aressifentepntion;
FIG 5 is.a sectional view of the magnetic diq@pgﬁdiun1

of the hagngtic

i nvention;
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i nventi on; 25 FIG 3 is a sectional view of the

Vi ew
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of the magnetic recor d%&%.“%dliljsmaa%ci%’vgls%v;i%gt hae TEM imagé)rgfegtsection

i nventi on;
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of the magnetic récording medium according to the
present invention; |

FIG. 8 is a top view showing a TEM image of the
magnetic recording medium according to the present
invention;

FIG. 9 is a top view showing a TEM image of the
magnetic recording medium according to the present
invention;

FIG. 10 is a sectional view of the magnetic
recording medium according to the present invention;
FIG. 11 is a sectidnal view of the magnetic
recording medium according to the present invention;

FIG. 12 is a top view showing a TEM image of the
magnetic recording medium according to the present
invention; |

FIG. 13 is a graph showing the composition
distribution on a line segment A in FIG. 12;

FIG. 14 is a top view showing a TEM image of the
magnetic recording.medium according to the present
invéntion; | |

.. FIG.. 15 is a graph showing the composition



FIG 8 is atop viewshowng a TEMimge of the 10 magneti c recording
medi um according to the present I nventi on; FIG 9 is a
top view showing a TEM i mage of the . magnetic recordi ng nmedi um
.according to the present i nvention;. ..15 FIG 10 is a
sectional view of the magnetic recordi ng nmedi um according to the
present invention; _ FIG 11 is™a Sectional view of t he. magnetic
recordi ng nmedi um according to the present .invention; FIG 12
is a top view showing a TEM.imge of the 20 magneti c recordi ng medi um
according to the pdfsefibution oni 8VEDhéOSégment B in FIGEI &4;13 is a graph
showi ng the conposition distribution on a line segnent Ain FIG

12; FIG 1®IGs a6t dp ai gwaphoshogiagTEhei redatdbnshdp 25
magneti c recordi ng medi um according to the present i nvention

FIG 15 is a graptrstwsemgtiidéeCocampusttionthe central region of the

- 6- distribution on a line segnent Bin FIG 14, Fl G
16 is a graph showorpagret it smatnshi pnd the atpenvethonhamewnansfinkhen t he

central region of the . nhonmagnetic matrix and_ the attenuation_ anount
of the 5 exchange interaction in the magnetic recording medium

according to the present invention;

FIGS. 17A énd 17B are graphs, respectively,
showing the relationship between the Si and O amounts
in.the central region of the magnetic grain and the

-10 anisotropy magnetic field in the magnetic recordingn

- medium according to the present invention;

FIG. 18 is a graph showing the relationship
.between the coercive force and the transiﬁion length in
the magnetic recording medium according to the present.

15 invention by using the saturation magnetic flux density
of the pole of a recording head as a parameter;

FIG. 19 is a graph showing the overwrite spectrum
.of a magnetic recording medium in Example 2A of the

'present invention;

20 FIG. 20 is a view shbwing_a TEM image of a section
of a magnetic recording medium in Example 3A of the
present in@ention;.

FIG. 21 is.a graph showing the o#erwrite spectxrum
of the magnetic recording medium in Example 3A of the

25 present invention;

FIG. 22 is a graph'showing the relationship

.between an angle ¢ defined by the .side surface of -



5 exchange interaction in the magnetic recording nedi um

according to the present invention; FIGS. 17A and 17B are
graphs, respectively, shomnng t he relationship between the Si and O
anmount s - in the central region of the magnetlc grain and the 10

ani sotropy nmagnetic field in the magneti ¢ recgrdl medi um
according to the present invention; FIG 18 is a graph show ng
the relationship between the coercive force and the transition
length in t he magnetic recordi ng nedi um according to the present

15 i nventi on byansisigpridiel et umagnericragrein card ushelensghsyrate surfage,
the pole of a recording head as a paraneter; FIG 19 is a
graph showi ng the andbriire tterapeitiommnoise inof maqngﬁmﬁ|xe¢@c@Lﬂ9n@eﬂéﬁmun1
i n Exanpl e 2A of the resent invention; 20 FIG 20 is a
vi ew showi ng a TENIn gpnple a3B ek itthe presentc#n%ﬁnﬁ&pﬂauc recor di ng

" mediumin Exanple 3A of the present invention, FIG 21
is a graph showi ng the15Véfw33tkss@é%%?%n$h°Wlng adTE¥hEm%§©n%f|E PEEGLB g
medi um in Exanple 3A of the present invention,; FIG 22

is a graph showi ndP% r?el?aeQ%ﬁ*i%s‘Fﬁ‘iPrdlng RN L %’Fﬁ:}?%le d%‘?lﬂ@dt]fﬁ? t he

si de surface of
present invention; and

FIG. 24 is a view for explaining how to change the
rafio of input power to a CoPt target and an SiOj
"target in forming a maénetic recording layer in Example
10 8 of the present invention.
DETAILED DESCRIPTION OF THE INVENTION
The present invention will be described in detail
belew.
FIG. 1 schematically shows a magnetic recording
15 apparatus according to the present invention,_i.e.,
a so-called hard disk drive. A magﬁetic disk 100 is
rotatably supported by a spindle motor 101. As a
recording/reproduction means, a magnetic head 103 is -
'fixed.to the distal end of an arm 102. A preferable
20 reproduction magnetic head is the one including
a high-sensitivity magnetoresistiﬁe element.
'Recording/reprodudtion is performed at a predetermined
position on the magnetic disk 100 by rotating the
magnetic disk 100, and moving the arm 102.and the
25 magnetic head 103 in the radial direction of the
magnetic disk 100; In accordance with applications,

the shape of the magnetic recording medium can be .



an island-1ike magnetic grain and the substrate surface, and the

~transition noise in a magnetic recordi ng nmedi um _ I n Exanpl e 3B of

. the present invention; . FIG 23 is a view show ng a TEM i nage
of a section 5 of a magnetic recording nmediumin Exanple 3C of the
present invention; and ' . FIL.G 24 ig . a view for explaining howto
change the ~ ratio of input power to a Pt target and an Si Q2

target in formng a magneti ¢ recording |ayer in Exanple 10 8 of .the
present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The present inventvanioudly behatessd i b iy thperied shape, #defown shape,
FIG 1 schematically shows a magnetic recording 15 ~appar at us accordi ng
to the present inamditde Jike, in additipndad |HEhAhRRR sk drive. A
magnetic disk 100 is rotatably supported by a spindle notor 101. As
a recor di ng/ r epFRRIAIRAL HR FRCOEA G fied Bum ekl i3 pxesent

fixed to the distal] end of an arm 102. AIPereraQIe 20 rqgroduction
magnetic head i s tHYVYHLIhdIARIihFrructure 4in,iwihich &iRadne recording

magnet oresi stive

predeterm _ne5d eiaeyrgeﬁr)lé,ﬁ _tﬁ'?ﬂ“% quﬁg"‘O:fS}{ﬁr%’{%p%?g " gsqbtlif??]g?eé% ioﬁgegﬁgt :
manet ¢ 9 S 3000 (Y 8 A el AN e IEUGLH 0000407,
applications,  cordfieSNIEHs | MndBUAS. " S YHNE B WV £2G Pe
an underlayer formed from Cr or the like on its surface
may be used, as needéd. The thickness of the magnetic
10 récording layer is 40 nm or less, and preferably 20 nm
or less for uitra-high-density recording.
The magnetic recording layer constituting the
magnetic recording medium of the present invention has
a structure in which magnetid grains are dispersed in
15 a nonmagnetic'matrix. This magnetic recording layer
can be considered as a composité material of the
. magnetic grains and the nonmagnetic matrix. According
to the definition of the connectivity of the composite
material, this magnetic recording layer can be
20 expressed as so-cailed "3-1 connection" or "3-2
connection" because fhe nonmagnetic matrix spreads
three-dimensionally; and the magnetic grains are in
a two-dimensional or one-dimensional connected stéte.
In the present invention, the material
25 constituting the magnetic grain is preferably an alloy
containing a-metal;éelected from the group éonsisting'

of Co, Pt, Sm, Fe, Ni, Cr,. Mn,'Bi, and Al. These .



- 8- variously changed into a tapered shape, a drum shape,

and the like, in addition to a di sk shape. The magnetic
recording nediumin the present i nvention has a structure in which
a magnetic recording 5 | ayer is formed on a substrate. The substrate
to be used can be formed from vari ous, nat eri al's such as gl ass,
ceramcs, netals, and resins. A substrate ﬁav?ng ~an under| ayer
formed fromCr or the like on its surface may be used, as needed.
The thickness of the magnetic 10 recording layer is 40 nmor less, and.
preferably 20 nm alloys may bessadded stittha-am gddddrigiet faredamprarging

The magnetic recording |ayer constituting the magneti ¢ recording
nedi um of the presegneticechagaateristics, et @ GleNentfith n%r"gr%‘f
grains are dispersed in 15 ‘a nonmagnetic matrix. This nagnet
recording |ayer Nb, V, &an F&chsittfor ddradia @mpbsid%e %‘ﬁ'ﬂ?%‘%n‘i}fo’? he

magnetic grains and the non netic matrix. Accor

definition of the H&HFe lions 4%ﬁﬁaQQN? i oae elé%enqnﬁ%%?%ﬁeétf%??
nagnetlc recordln ayer cagn be 20 expres S0O-ca

connect i on" 2or %2‘ en, -nltE&ﬂ’?é’c't 55’9«53%[1’}9@ r‘fL c?es%?ll?]ﬁ

o gk e pape L Aelr,
present '”Ve”t'onmagxaeﬁ@a'f&ﬂ Is and 1arge magnetic anlsotropyf As the
magnetic grain, é:Co—baSed alloy.such as CoPt, SmCo,
CoCr, CoPtlCr, CoCrPtTa; CoTaCr, CoTaPt, CoNiTa, or CoPt
10 is particularly preferable. An Mn-based alloy such as
MnBi or MnAl is also preferable.
| In the present invention, the nonmagnetic matrix
has a network shape contihuous in the perpendicular
and in-plane direcfions, and has a function of
15 disrupting the magnetic interaction between the gfains.
To suppress magnetic coupling between the grains,
the nonmagnetic matrix is preferabiy formed from
an .insulator ér a high-resistance material even with
slight conductiViﬁy. As the nonmagnetic matrix, an
20 = oxide, a nitride; and a carbide expressed by a general
formula M-G can be used. In this case, M is at least
one material selected'from the group consisting of Si,
Al, %r, Ti, Ta, Sn, In, Ge, and B, and G is at least
one material selecfed from the group consisting of
25 oxygen, nitrogen, and carbon. More specifically,
preferable materiéls are Si-o, Al-O, Zr-0, Ta-0, Sn-0O,

 in-0, Ge-Q, Ti-0,. Si-N, Al-N, %r-N,.Ti-N, B-N, Si-C,



25 constituting the magnetic grain is preferably an all oy

containing a netal selected fromthe group consisting of Co, Pt
Sm Fe, Ni, C, M, Bi, and Al. These -

-9- | all oys may be added with an additive for inproving
magneti c characteristics, e.g., an elenEHq_sqﬁy as O, : Nb, V, Ta,
Ti, W H, In, Si, or B or a conpound of these el enents and at

| east one el enent selected from 5 oxygen, nitrogen, carbon, and
hydrogen. = A desirabl e magnetic grain is the one having | arge
saturation TiaghetB-23t i DA l-0OMNE 1-0Ne ARG c ImSsoDf 0gdpd As t he
magnetic grain, a Co-based alloy such as CoPt, SntCo, CoCr, CoPtCr,
CoCr Pt Ta, CoTaCr, tbsTdRtke CoMmMallotmoay oficarbongs @edti céiameyd,
preferable. An Mi-based alloy such as == =~ MBi_or MAl is also
preferabl e. amorphoys qarbqn et diprandohike RAFRPMEBA% PE HEEH: X
has a network shape continuous in the perpendicul ar '

) and, i n-pl gne
directions, and hds ATk (SuRstamce oL POy QR ISR LRAL: PE ufed
i nteraction between the grains. . 0 suppress magpetic couplin
bet ween t he Xgr ai n&? 0rgahic marerial, spah & ?]r&t‘?gr%gg'f%’r’%%%ﬂ?%?gr%ay
from an in %éﬂﬁﬂ or(g hi.gh-resi stance materi-al even with
sl i ght conductiviti} %fﬂ§%111nagnetic matrix, an 20 oxi de, a

nitride, and a Carbidei%%”ﬁ%ﬁﬁghﬁg%fhgﬁﬁ%¥f§ has a function of enhancing

the mechanical strength of the entire magnetic
recording layer. In terms of the hardness as a measure

10 of the mechanical strength, as the hardness is higher,
damage to the magnetic recording layer upon contact
with the magnetic head is expected to be smaller. .
'Fiom this viewpoint,.the nonmagnetic matrix is
desirably formed from a material having a high hardness

| 15 "in bulk. 1In general, a material hard in bulk maintains
a sufficient hardness even if it is formed into a thin
film. The hardness of the bulk material constituting
the nonmagnetic matrix is preferably“equal to or higher
than the Vickers hérdness of bulk SiO3, i.e., 2 GPa.

20 .To increase the hardness and wear resistance of the
'nonmagnetic matrix, anothér nonmagnetic element may be
added to the matrix. In this case, the added element
may be contained as a solid solution in the matrix, may
be phase-separated from.the matrik, or may-exist as

- 25 fine grains in the matrix.
An interface phase may exist between the nagnetic

grain and the nonmagnetic matrix. This interface phase



formula MG can be used. In this case, Mis at |east _ - one materi al
sel ected fromthe group consisting of Si, - A, Zr, Ti, Ta, Sn, In,
Ge, and B, and Gis at |east one material selected fromthe group
consisting of 25 oxygen, nitrogen, and carbon. More specifically,
preferable materials are Si-O A-O Zr-© Ta-0O Sn-0 In-O GCe-0O
Ti-O Si-N A-N Zr-N, Ti-N, B-N, Si-C ~ i1 -

- 10 - - Ti-C B-C SIA-ON Si-ON, AITi-CC, InSn-0O and t he

i ke. An allotropy of carbon, e.g., dianond, anor phous car bon, and
di anond- i ke carbaagmay fmdiseh of efficifrilyglcvmidsiiange tie haagnebic
ger mani um may be used. 5 An organic material such as

pol yt et raf | uor oet \yreris sy the nonmelghethie wesdrix, and preveniimg mutual
nonmagnetic matrix has a function of enhanci ng t he mechani cal
strength of the enmtififmsimgnetfi ¢he constirtaeordiedenentss. |TPhecimbenfacde
har dness as a neasure 10 of the nmechanical strength, as the hardness is

hi gher, - dahege man ke magmdy Coraest dinan |aaansipiienht atement
with the nmagnetic head is expected to_be smaller. . Fromthis

vi ewpoi nt, Bhe noffagtetic@staone qis the magnejdg R rAdeh® r3oRa

mat eri al having a high hardness 15 i n bul k. n general,.a natgri I
hard in bul k mai nf@gRetic matrig.q,Such &n & {17 tP¥S ‘FB%%I

into a thin because it strongly connects the magnetic grain with
the nonmagnetic matrix. The interface phase may hardly
contain the constituent elements of the magnetic grain
10 and the nonmagnetic matrix. Such an interface phase
'is preferable because it completely separates the
magnetic grain froﬁ the nonmagnetic grain in a magnetic
manner.
The magnetic_recording layer of the present
15 ' invenﬁion can be.formed by depositing magnetic and
.nonmagnetic-materiaié on a substrate by, e.g.,
sputtering or evaporation. More specifically,_
co-sputtering or alternate sputtering can be performed
using a magnetic metal target and a nonmagnétic matrix
20 target in an inért gas atmosphere to form a dispersed
magnetic recording layer. 1In this case, separate
targets may be used, or a'compdsite target may also be
used. Oxygen, nitfogen, or the like may be mixed in
‘the inert gas. In this method, the crystal-structure,.
25 crystal orientation, size, and distribution of the
magnetic grain'can.be controlled by selecting or

. controlling process parameters such as the input power -



film The hardness of the bulk material constituting t he
nonmagnetic matrix is preferably equal to or higher than the

Vi ckers hardness of bulk SiQ2, i.e., 2 GPa. 20 To increase the hardness
and wear resistance of the nonnagnetlc matri x, another nonnmagnetic
el ement may be added to the matri=x. this case, the added el ement
‘may be contained as a solid solution in the rix, may be
phase-separated fromthe matrix, or may exist as 25 . fine grains in the
mat ri x. An interface phase may exi st between the magnetic
grain and the nonrmagrdte caragert x.thEhiwl iimatrd qpeegsune, the sputtering

has a function of efficiently connecting the nagnetic grain and the
nonmagnet i ¢ mat r i presshgs .evds ikigidnafuateactive gap f fike ofi bn @ﬁEOSlthn
constituent elenents. The interface phase may_ be mainl forned from
a constituent el em@fe, the biasg Eé?twaéas@h%ri‘élftﬁ VheAdbhel? cSHPBPRtand the

© non- . magnetic matrix. Such an énterf g}wﬁhase |s preferab e
" because it strongly cofhd@FIHE FRRIRATLY T (fsed in'a pggnetic

nonnmagnet i csmat rix. Tg:fed interface 11phase rzﬁy hardl y the, {Jn]ésg ontRL &

consti t uent el enefSE9 nonnagne
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conpl etely separat
magnetic recording medium, magnetic grains are

separated from a substrate by a part of a nonmagnetic
matrix, and form a subéfantially single layer parallel
10 to the main surface of the substrate.

'FIG. 2 is a sectional view_shoﬁing this magnetic
recording médium. A magnetic recording layer 2 is
formed on a substrate 1, and is made of a nonmagnetic
matrix 21 and magnetic grains 22. The magnetic

15 grains 22 are separatéd from the substrate 1 by a part
lof the nonmagnetic métrix 21, and do not coﬁtact the
substrate 1. The average size of the magnetic grain
is 10 nm or less, and desirably about 7 to 10 nm.
The magnetic grain.desirably has a larger average éize

20 in the vertical diréction than that in the horizontal
direction; The magﬁetic grains 22 form a single layer |
substantially paréllel to the main surface of the
substrate 1. This means that displacement D of the
-magnetic grain 22 in'the vertical direction (level

25 difference between the centers of the magnetic grains
22) shown in FIG. 2 is equal to or smaller than the

. average radius of the magnetic grain 22 in.the vertical



magnetic grain fromthe nonmagnetic grain in a magnetic manner .

The magnetic recording | ayer of the present 15 I nvention can be forned
by depositing nagnetic and ~nonmagnetic materials on a substrate by,
e.g., - sputtering or evaporation. Mre specifically,

co-sputtering or alternate sputtering cam be rformed using a
magnetic metal target and a nonmagnetic matri 20 target in an inert
gas at nosphere to forma di spersed magnetic recording layer. In this
case, separate targets nmay be used, or a conposite target nmay al so
be - used. Odjigemtimnt.r ofg displesdndnst Mhyimethe xeeictical t he
inert gas. In this nethod, the crystal structure, 25 crystal
orientation, sizedizs¢tdion rishmuafiengblhéd nm or Ipgmhetdrd Ji@F® can be
controlled by selecting or controlling process paraneters such as
the i nput power preferably 2 nm or less. - 12 - to

the target, the ultimte pressure, the s ulteringh | h hrgressure .t he
kind of reactive gas, tB¥% YSiNH ddiRsfe}inming methed, (the Ropradnshii, = he

& mmgnet ¢ 55 RIS A EaTbRR ATRENAR AT e TOTLE S kRO ment |
of the present i nyentin Wil R deserited | g hitn in PEROPELI C
recordi ng nedlunlanagne | AR HS &6
For example, in performing binary co-sputtering using
a metal material target and a nonmagnetic matrix target,
only the nbﬁmagnetic matrix may be first sputtered,
10 -ahd then binary co-éputtering may be performed.
In addition, in performing binary alternate sputtering
using a metal materiél target and a nonmagnetic matrix
target, the process may start from sputtering of the
nonmagnetic matrix. Further, the growth of magnetic
15 grains may be promoted by applyiﬁg a substrate bias or
heating the substrate during deposition.
In many casés, it is difficult to form a magnetic
recording layer 2 éontaining only magnetic grains 22
which do not contact the substrate 1, as shown in
20 FIG. 2. In practice, therefore, the magnetic recording
layer 2 may contain magnetic grains 22 which contact
the substrate 1, to a certain degree} in addition to
the magnetic grains 22 which do not contact.the
substrate 1, as shown in FIG. 3.
25 _ Fine magnetic grains exhibiting superparamagnetism
may exist near the surface of the recording layer 2.

. The superparamagnetic fine grains are not directly -



separated froma substrate by a part of a nonmagnetic matri x, and
forma substantially single |ayer parallel .10 to the main surface of

t he substrate. ~ FIG 2 is a sectional view showi ng this

magneti c recordi ng medium A nagnetic recording layer 2 is

formed on a substrate 1, and is nade of a;noqgggnetic matrix 21 and
magnetic grains 22. The nmagnetic 15° gr ai 22 are separated fromthe
substrate 1 by a part of the nonmagnetic matrix 21, and do not
contact the substrate 1. The average size of the nmagnetic grain

is 10 nm or- | ess, reddtddsitoablagnaftdziation rEyemmal (coercife foxpetHe
grain desirably has a | arger average size 20 in the vertical direction
than that in the hod rempaent magnetdizaddionodr) ,Tharthramrditidoufei v 22 form
a single |ayer substantially parallel to the main surface of the
substrate 1. Thi samrednsrense dnspgliuaaidonDmggnetdzation Msmgnetic grain
22 in the vertical direction (level 25 difference between the centers
of the magnetic grainsIn FIG. othehs@penetimg grains e termpletalyer

t han t he verage .radius of the nmagnetic grain 22 jn the vertical
- 13 - 5 d P§&F30&P Fhe &P?ﬂﬁ&&%ﬁg%:W9ﬁ§+%l%§mu9ﬁ @gfe not

direction i's preferably A AMQL Le3%acd" S U magnetid EEANG2 MM Of

layer 2. 1In this c§se, the nonmagnetic matrix 21 can
function as a protective film. 'Note that the magnetic
grains 22 need not alweys be completely buried in the

10 nonmagnetic matrix 21. |

For example, the magnetic grains 22 may be exposed

on the surface of the magnetic recording layer 2, as
shown in FIGS. 4 andls. FIG. 4 shows a case wherein
the upper portions of spheroidai magnetic grains 22

15 are exposed on the surface of the recording layer 2.
FIG. 5 shows a case wherein the upper portions of
columnar magnetic grains 22 are exposed on the surface
of the recordihg layer 2. ﬁhen the sectional shape of
the magnetic grain in the vertical direction is a U

20 shape, as shown in FIGS. 4 ‘and 5, the level difference
D between the lewer.ends of the magnetie.grains 22 is
used'insteaa of the displacement D of the magnetic
grain 22 in the vertical direction shown in FIG. 2. -
That is, the level difference D between the lower ends

25 of the magnetic grains 22 is preferably smaller than

the average radius of the lower end portion of the

~columnar grain, or the average radius of curvature.



By using the follow ng nethod, the nonmagnetic 5 matrix 21 can be
arranged between the substrate 1 and the magnetic grains 22, as
shown in FIG 2. For exanple, in performng binary co-sputtering
usi ng . a metal material target and a nonmagnetic matrix target,

only the nonmagnetic matrix may be first sputtered, 10 and then binary
co-sputtering may be perforned. In a tion, in perfornng binary
alternate sputtering using a nmetal material target and a
nonmagnetic matrix target, the process may start from sputtering of
t he nonmadioeel speatifibcalAyrt Hevg ldwelgrdid fexrdnemdnel $ cpreferably
grai ns may be pronoted by applying a substrate bias or heating the
substrate during depospri dess, and more prefemaBlyxadaun ox lesgifficult to
forma magnetic - recording |ayer 2 contalnlng only na netlc grains
22 whi ch' do no®léentigetthehecagastahiRIAS . o v%uh FI G

2. In practice, therefore, the magnetic recording Iayer 2 may
contai n magnetic GA&ifASU3E ko dorab@ Mmagnetic re‘%?ﬁéi-"s"tﬂ)s]ﬁ}é?% 4 toa

certaln deggee. '%%3%@5@%& Sy sonarsT i S G WAoo 50"
ML e o B0 ST o o o g e
are not directly the magnetlc recording layer 2 may contalﬁghagnetlc
giains 22 which contact the substrate 1, to a certain
degree, in addition to the magnetic grains 22-which do
10 not contact the substrate_l, as shown in FIG. 6.

The distribution of the magnetic grains 22 in
the recording layer 2 in the in-plane direction is
desirably uniform. That is, the deviation of the
spacings between_thé magnetic grains is preferably

15 equal to or smaller than the average size.(diameter) of
the magnetic grain in the in-plane direction.

‘In the magnetic recordihg medium of the present
invention, the magnetic grains form a substantially
single layer parallel to the main surface of.the

20 substrate, and the dispersion unifprmity is very high.
- In the magnetic recording medium of the present
invention, since many magnetic grains do not contact
" the substrate, magnetic coupling.hardly'occurs_&ia
conduction electrons between magnetic grains which
25 contact a metal underlayer (or a conductive substfate).
For this reason, the medium noise can be reduced to

_improve the overwrite characteristics in the dispersed



rel ated to nagnetization reversal (coercive force Hc and remanent
magneti zation M), but contribute to - ~an increase in saturation
magneti zati on Ms. ' ‘In FIG 2, the magnetic grains 22 are

conpl etely 5 buried in the nonmagnetic matrix 21, and are not

exposed on the surface of the magnetic recordjng | ayer 2. In this
case, the nonmagnetic matrix 21 can’ - fdhctTon as a protective film
Not e that the magnetic grains 22 need not always be conpletely
buried in the 10 nonmagnetic matrix 21. For exanple, the
magneti c grains 2aatmetie edueRtiing mediuwrod hthe yfesmntof inhentbgmet i ¢
recordi ng | ayer 2, as showmn in FIGS. 4 and 5. FIG 4 shows a case
wher ei n 't lcompared por td aonveEntsighebiate imgrieidke magnekiQ grains
are exposed on the surface of the recording |ayer 2. FIG 5 shows a
case wherein the Wgwdmgper tliagige sleviation igvlsimmrarmgrandenky ddhspepsed e
exposed on the surface of the recording |ayer 2. \Wen the sectional
shape of tifle app@mmaanedrid matrishe vertical directionis a U 20
shape, as shown in FIGS. 4 and 5, the level difference, | D bet ween the
| oner ends 8f the magndt Magfiehi pecerding mediyp59Rt LA FFagRRtIC

di spl acenent D of the magnetic _ grain 22 in the vertical direction
shown in FIG 2. Tetordifig, ARparytys |a8RATHiNg é;r%r?'rc}ée SIRIRE P %‘g”“%_r
gcgfag?r adi st E)P%tfgg ngb:;%s% 3185}‘?2‘?2’3{*4895?%‘{@( & 'ydgs%%éra@ arts ort e
the average radiu%a %e%EEV%%%H%ding medium, the magnetic grain has

a flat shape along tHeffilm surface, and the exchange

10 interaction between_adjacent magnetic grains in the

in-plane direction is smaller than that in the

perpendicular direction.

FIG. 7 is a scheﬁatic view showing the TEM image
of the section of this magnetic recording medium.

15 As shown in FIG. 7, a magnetic recording layer 2 is
formed on a substrate 1. The magnetic recording layer
2 has a structure in which magnetic graihs 22 having
a flat shape along the film surface are dispersed in
a nonmagnetic matrix 21. The magnetic grain preferably
20 has a spheroidal shape with a major a#is parallel to
the in-plane direction, or a similar shape.

When the major axis of the spheroidal magnetic
grain is the rotation.axis, the grain shape appearing
on the film surface is an elliptid shape. In this case,

25 the major axis of the magnetic grain is preferably
parallel to the tangential direction of the magnetic

disk. The direction of the magnetic grain can be . .-



- 15 - ' More specifically, the level difference Dis preferably

4 nmor |less, and nore preferably 2 nmor |ess. - Al'so in the
cases of FIGS. 4 and 5, it is difficult to forma nagnetic
recording |ayer 2 5 cont ai ni ng only spheroidal or columar magnetic
grains 22 which do not contact the s trate 1. In practice,

the magnetic recording |ayer 2 may contain neghetic ‘grains 22 which
contact the substrate 1, to a certain degree, in addition to the
magnetic grains 22 which do 10 not - contact the substrate 1, as shown in
FIG 6. contied léids thy slgpasi wifon hien rgragnetigr af isl@y on the

the recording layer 2 in the in-plane direction is ' desi r abl

uniform That is, kike .devihe imatist qfhethe minor gseis i avetawih 9hethe
magnetic grains is preferably . 15  equal to or_smaller than the average
size (dianeter) oftagnetic gifdpighdreierably it 3 He it ARA dP%ERL I on.

In the magnetic recordi ng nedj um of the present I nvention, the
magneti c grains f&Fﬁﬁf%ﬁ%&ﬁeﬂn%eEQ3P-5- - single layer parallel to the

[ f f th b ' d di | | f Lty |
T urfecs of (e, 20, o SUSLLALE, AL dLABeal o0 UL RS

i.nvent ' on, si nce % [Eal%rl]'let imCa re% 'nz'sat%.oorpoj:[ntcoon a Cj:[OIl reco déci]ei é rate,

magneti c Coupllngq%bréﬁy odcuréﬂbl - COH@%C Ionh e eé%rons'%ggﬁeen

magnetic grains Wmﬂg%lane direction can be stably stored because the
magnetic grain has a flat grain shape along the film
surface, and exhibits iérge shape magnetic anisotropy

- 10 and large magnetocrystalline anisotropy in the in—élane
direction. Therefore, high-density longitudinal
recording can be realized. In gddition, it is easy to
indepéndently control the magnetocrystalline anisotropy
and the shapé magnetic anisotropy.because their origins
15 are different.

"~ In the present invention, the exchange interaction
between adjacent magnetic grains in the in-plane
direction is smailer than that in the perpendicular
direction. That is, only the magnetic interaction

20 between the magﬁetic grains in the_in—plane direction
'is disrupted, and proper magnetic ihteraction is left
in the perpendicular direction. In this dispersed
state of the magnetic grains, the transition region'
'bétween recording bits can be deéreased to reduce the

25 - medium noise. 1In addition, data can be completely
erased in overwrite recording because the magnetic

_ interqctionuacts_between the magnetic grains in the



25 contact a netal underlayer (or -a conductive substrate).. .- For
this reason, the nedi um noi se can be reduced to | nprove the '
overwite characteristics in the dispersed '

- 16 - magneti c recordi ng nmedi um of the present invention
conpared to a conventional one in which ﬁﬁgngggc_grains having a

| arge deviation in size are randonly disperse€ . 1n a nonmagnetic

mat ri x. 5 . A magnetic recordi ng nediumused in a magnetic
recordi ng apparatus according to the second enbodi nent of the
present invention peXpendicebay idixection g promote svagnktaneewsor di ng
medi um the nagnetic grain has a flat shape along the filmsurface,
and the exchange n@tation mErmaynebieglRelerslj acent magnetic grains in

t he in-plane direction is snaller than that in the

per pendi cul ar directi onthe above-describesl disrersedhekatecodi EReshowi ng -

the TEM i mage of . the section of this magnetic¢ .recording nediym 15
he shown I noFI G MAGnSih T AL R by JSETeS i, the Fvefags BRagings

bstrate 1., Th i di ng | . .2h e_]
whi ch' magnetd ¢ o ARSEER HAE MESReta Sa i i i BRORTEHELHEF PR 1 ace

o 930Sl inprand SENRANEHLS T, Bhroclls "IBILIGRT URe
average value of the spacings between nearest grains is
preferably 0.5 to 2 nm, and more preférably 0.5 to 1 nm
in the perpendicular'diiection, while'it is preferably

10 .2 nm or more, and more preferably 3 to 15 nm in the
in-plane direction. |
A spacing Dp between nearest grains in the
perpendicular directioh can be obtained by observing
a longitudinal section of the magnetic recording
15 layer with a scanning electron microscope (SEM) or
a transmission electron microscope (TEM). It is
preferable that the sample to be observed with the
TEM.iS polished by physical etching such as ion milling
or chemical etching to decrease the thickness of the
20 observed portion to 10 nm or léss, and mére preferably
to 1 nm or léss, With this polishing, since two or
more magnefic grainé do not exist overlapping each
other along the direction of thickness of the sample,
the average grain spacing in the perpendicuiar
25 direction can be agcurately measured.
The spacing between neareét graihs in the

perpendicular direction can be defined by the spacing



the in-plane direction, or a simlar shape. When t he maj or
axis of the spheroidal nmagnetic ' grain is the rotation axis, the
grai n shape appearing on the filmsurface is an elliptic shape. In
this case, 25 the major axis of the magnetic grain is preferably
parallel to the tangential direction of the mmgnetic di sk. The
direction of the magnetic grain can be

- 17 - controlled by deposition in a nagnetic field, or the

i ke. The ratio of the mnor axis/major axis of the magneti c %Eain
is preferably 0.3between, tmodtamgents when pegigendls | inddiaared oy bmpken
In the magnetic recording nedi um of the present i nvention, .
magneti zati on i nf ddmesi dm Fd6or dd ane dyawn in theg hoyigentak cbiremstiqm be
stably stored because the _ magnetic grain has a flat, grain shape
along the film for anggrpitaary,@®agmniofi 9FaiasgeRgsntridhdiie

ani sotropy 10 and | arge magnetocrystal |l ine anisotropy in the in-plane
~direction. Theref BFEPERAGRIIEFsAF TG udPn rven numbe%&#d?a}fgrst be
realized. Ilp addition, it _is _easy to . .. dndependently contral the
nagnetocrysgalIingrgﬁp§th gibes Stgﬁ&sFﬁgagﬂXEE%%ﬁihﬁﬁ(?%ﬁﬁ%&ﬁr?ﬁ%
beca“S? their ori '%%ur%g to o%%%i%!k%%r%Q%rage value. I'n the present

i nvention, the exchange I nteraction

Similarly, a spacing Dj, between nearest grains
in the in-plane direction can also be obtained by
observation with an SEM or the TEM. FIG. 8 is a top
10 view showing a TEM image when the rotation axis of
the spheroidal grain agrees with the minor axis
(perpendicular direction). The spacing between nearest
grains in the in-plane direction can be defined by
the spacing between the grains when the centers of an
15 arbitrary pair of gfains adjacent in the observation
plane are connected; When the rotation axis of the
spheroidal giain is its major axis (in-plane direction),
the grain shape appearing on the surfacé is elliptic.
Also in this case,'as shown in FIG. 9, the spaéing
20 between nearest grains in the'in—plane direction can |
be defined by the'spécing between the grains when the
centers of an arbitrafy pair of grains adjacent in the
observation plane are connected. A given number 6f
pairs of grains, that gives statistically reliable
- 25 results are measured to obtain the average value.
A magnetic recording medium used in a magnetic

rechding_apparatus_aécording to the third embodiment. .-



bet ween adj acent nmagnetic grains in the in-plane direction is
smal l er than that in the perpendicul ar - direction. That is, only the
magnetic interaction 20 bet ween the magnetic grains in the in-plane
direction- .-is disrupted, and proper magnetic interaction is left

in the perpendicular direction. In this dispesed state of the
magnetic grains, the transition region bet ween recording bits can
be decreased to reduce the 25 medi um noise. In addition, data can be
conpl etely erased in overwite recording because the magnetic
interaction acts It vden presendydenientgian neilln hehalescribed below.

- 18 - _ perpendi cul ar direction to pronote sinmultaneous

rotation of magnetic thigsmagnetic recording Medidboy aneti®edraingper sed
state of the . nagnqtic grains can be defined by the average spaci ngs

5 bet ween t he dsdrdidrd ke MATTRGiCe NSy aFRP aVerage|n.p| ane
chectl one. LS LESel e O 12 e SIS GBS B L v
preferably 8,5 1O skl e peohallE BRSO e T 8T eR 0 0F 'S
i n-pl ane direCtiOQubstrate is 75°Ab§p§8ggg.Dp bet ween nearest grains in the
FIG. 10 showé-an example of the dispersed state
of magnetic grains in this magnetic recording layer.
In FIG. 10, an underiafer 3 is formed on a substrate 1,
10 and a magnetic recording layer 2 is formed thereon.
The magnetic recording layer 2 has a structufe in which
island-like magnetic gréins 22a each haﬁing an inclined
surface with respect to the substrate surface are
dispersed in a nonmagnetic matrix 21. These magnetic
15 grains 22a are directly grown on the underlayer 3.
Although the magnetic grain 22a has a conical
shape or a frustoconical shape in FIG. 10, it may have
a semispherical shape or a dome shape. Although the
bottom portions of adjacent magnetic grains 22a are
20 separated in FIG. 10, they may be partially connected.
The height.of the island-like magnetic grain 22a is
preferably 20 nm or less, and the size of the bottom
surface is preferably 20 nm or less.
The average value of the angle (represented by ¢
25 in FIG; 10) the side surface of the magnetic grain 22a
‘makes with the surface of the substrate is 75° or_léss.

This angle is only the average value, and its maximum .



per pendi cul ar direction can be obtained by observing a | ongitudi nal
section of the magnetic recording 15 | ayer with a scanning el ectron
m croscope (SEM or a transm ssion electron mcroscope (TEM. It is
preferabl e that the sanple to be observed with the ' TEM is polished
by physical etching such as ion mlling — or chem cal etching to '
decrease the thickness of the 20 obsé?véﬁlpthion to 10 nmor |ess,
and nore preferably to 1 nmor less. Wth this polishing, since two
or nore magnetic grains do not exist overlapping each ot her
al ong the directi omlife tdy ke sbaft t§5° .samhlis, angle is tdrefammsalalge I°aito
spacing in the perpendicular 25 ~direction can be accurately neasured.
" The spaci ng bet weetD’neandsimogeapmefemably 45 to 708er pendi cul ar '
direction.can be defined by the spacing:
- 19 - - bet weerffQ vaxavarigent s vandr- 1 Hrgyaragnet heli gnadn Byablaoken
lines in FIG 7) are drawn in the horizontal direction for an
arbitrary pair of iane fja@edn iFH{Ghe0, it is pEfrGlival s &PFBction. A
gi ven nunber_ of pairs of _5 rains, that gives statistically reliable
results ared an pndgrlayen Siaing e SRRG G fRtal oriefitation.
Simlarly, a spacing DL between nearest égéﬂ{ﬁ . Ln_the iQ-Eiane

r forming suc ta

direction can al sd* Fﬂﬁ%ﬁ%ﬁﬁf?ﬁ%rab e h a crys ine

underlayer includes Cr, V, Ti, Pt, Pd, Ir, and ZnO.
The underlayer may be émorphous as long as it has
surféce energy suitable for growing an island-like

10 magnetic grain. A material preferable for forming such
an amorphoﬁs underlayer includes CoZrNb, NiNb, Sb, Ge,
and C. If an underlayer made of one of these materiais
is formed to have a thickness of 200 nm or less on
ah arbitrary substrate, island-like magnetic grains

15 éan be easily grown. If no underlayer is disposed,
island-like magnetic grains can be growﬁ on the
substrate by optimizing the deposition conditions.

The magnetic rgcording layer 2 may contain not

only island-like magnetic grains having an inclined

20 surfacé with respect to the substrate, but also flat
magnetic grains separated from the island-like magnetic
grains by the nonmaénetic matrix. FIG. 11 shdws an
example of the dispersed.state of the magnetic grains
in this magnetic.reCOrding layer. As shown in FIG. 11,

25. ' flat magnetic graiﬁs 22b exist together with thé
“island-like magnetic grain 22a in the nonmagnetic

~matrix 21. Although the shape of the flat magnetic .. . . . ..



observation with an SEMor the TEM FIG 8 is a top 10 vi ew showi ng a
TEM i mage when the rotation axis of ~ the spheroidal grain agrees
wi'th the mnor axis : (perpendicul ar direction). The spacing between
near est grains in the in-plane direction can be defined by
t he spaci ng between the grains when the cent eJ of an 15 arbitrary pair
of grains adjacent in the observation _ %Iane-are connected. Wen the
rotation axis of the spheroidal grain is its major axis (in-plane
di rection), the grain shape appearing on the surface is elliptic.
Also in this case,gmsisBRin is fatG paxrtidwlaphei hipited, itbéswbypinadldyst
grains in the in-plane direction can ' _be defined by the spacing
bet ween the grai n® wiphendislal shape cerfthe ssbfe aof atlpe t Fhay pagpesicgrains
adj acent in the . Observation plane are connected. A given nunber of
pairs of grains, tgraingidAds it hetinplane dirgfeionsis preferpblyapreto
measured to obtain the average val ue. o nmagnetjc re orgi
medi um used i n a reyddtq @nd more RERERTAMY 4 te ot §“5ccd?h?nbs§8n ﬁggke
third enbodi_nment . . : .- 20 = ~ of
the present 3 nventaPshiid FeiedAa ARA fheflat magnetic, graipagal, pEe
recordi_ng nmedi um _nmagnet.i rains l,nclude is d-11 ghet
grains. The avera&’ere%erabilg\f’aq%aoq’e%rp%n@% T dggﬁlctljﬁ%&s:lg%egguir)?ace
of the 1 nm or more, and preferably by 2 nm or more.
Since this magnetic recording medium contains the
island-like magnetic'gfains, the volume between the
10 magnetic grains effectively increases, compared to
the case of a convectional columnar magnetic grain.
For this reason, the mégnetic interaction between the
magnetic grains can be reduced to reduce the medium
noise. This effect can be obtained only when the
15 - average value of the angle defined by the side surface
of the island-like magnetic grain and the substrate
surface is 75° or less. Since the shape magnetic
anisotropy energy of the island-like magnetic'grain
in the in-plane direction is larger than that of the
20 columnar maghetic grain, a large coercive force can be
attained especially in lbngitudinal recording. Since
.the crystaliinity of the island-like magnetic grain is
higher than that of the spherical magnetic grain, the
- island-like magnetic grain is advantageous in
25 ‘magnetocrystalline anisotropy. Particularly when the
crystalline underlayer is disposed, the island-like

- magnetic grain is further advantageous. .because. its . .



5 I sl and-1i ke magnetic grain and the nmain surface of the-

substrate is 75[err] or |ess. - FIG 10 shows an exanple of the

di spersed state of magnetic grains in this nmagnetic recording

| ayer. In FIG 10, an underlayer 3 is formed on a substrate 1, 10

and a magnetic recording layer 2 is forned_thggeog The nagnetlc

~recording layer 2 has a structure in which i sl and-1i ke magnetic
grai ns 22a each having an inclined surface with respect to the

- substrate surface are di spersed in a nonmagnhetic matri x 21. These
magnetic 15 erystallimatye is roprgvgdown on t he underl ayer 3.

Al t hough the magnetic grain 22a has a conical | shape or a
frustoconi cal shape i n FrGha(présentyihuention, theacostesphefi nagnetipe

-or a dome shape. Although the bottom portions of adjacent nagnetic
grains 22a are 2(@lemenigpaimtihe i ¢ertal 10egieryofmiheenpanagaptyc
connect ed. The helght of the island-1ike pmagnetic grain 22a is
preferably 20 nm dta i bekweemcthe magretie %6?%%%115 prefexgpiyce is
preferably 20 nm The aver age vglue of the an%B

Enetic

(represent ed by [giQ]at9ﬁ3°% or 198% 1F)efentek b FAReCRSEAEY

pan IR G U SRSl TR B A" Bt edRbER) rBbion

- 21 - of the magnetic grain is not particularly llmlted.

The definition of the central regions of the

.magnetic grain and tﬁéhnonmagnetic matrix will be

10 described. FIG. 12 shows an example of a top TEM imége
of a maghetic recqrding.layer in which a magnetic giain
is formed from CoPt, and a nonmagnetic matrix is formed
from Si-0. In FIG. 12, reference numeral 21 denotes
a nonmagnetic matrix mainly formed from Si-O; and 22, a

15 magnetic grain mainly formed from CoPt. These portions
can be distinctly discriminated because the crystal
lattices and the contrasts of images discontinuously
change in the top TEM image. FIG. 13 shows the
composition distribution_df.Siland.Co on a line segment

20'l A in FIG. 12. This finé composition analysis caﬁ be
obtained by an energy analysis at the same time as the
image in FIG. 12. The boundaries between the magnetic
grains 22 and the nonmagnetic matrix 21 determined from
.FIGW 12 are indicated_by broken lines in FIG. 13.

25 - The central regioﬁs of the nonmagnetic matrix and the

magnetic grain mean the 80% central regions of the

.regions 21 and 22 .in FIG. 13. To eliminate variations



val ue may be about 85[err]. This angle is preferably 30[err] to

70[err], and nore preferably 45 to 70[err]. - To grow the

i sl and-1i ke magnetic grain 22a |ike the one shown in FIG 10, it is
effective to form 5 an underl ayer 3 having a specific crystal :
orientation. ' A material preferable fo, formng such a crystalline
under |l ayer includes C, V, Ti, Pt, Pd, Ir, and ZnO - . The under| ayer
may be anorphous as long as it has surface energy suitable for
growi ng an island-like 10 magnetic grain. A material preferable for
form ng such causgd dyorgfieo seleniddnayanier |afldsheColdnd  segment Sh, Ge,
and C. If an underl ayer nmade of one of these materials - is forned to
have a thickness &he2@boyie enalysisods performad & miuralityhaf rapebers

i sland-|i ke nmagnetic grains 15 can be easily grown. |f no underl ayer

i s disposed, . ©f ti@esd9 jced @& ithey L IR HYr own on t he
substrate by optim zing _the depqgsition conditjons . _The
magnetic recording | ayg‘rIGz A Shasian fstample of g i BFM nifrfgR eWhen
magneti c grains havi Tr'{?‘ nclined 20 i}urface w t h rest?.ect to.thaend :

Substrate, But al 88 ARfprface phage Sxists Batrben & mAdEic graen
i sland-1ik | i . ' . tl ' .
[ and. |1 ke maney) gormeqpet il AATAY e YA S e S s
in this magnetic réc&%db&%“la»er'Rg%%#%ﬁg%;ﬂhdafél:%%ndéﬁkﬁ?ieflat

magnetic grains 2 éxi St together w a magneti c

grain 22a in the gongRAghetic matrid™Hdiniy?Forildd'Udh ie-Ghape, of the

flat magnetic

a magnetic grain maiﬁlf formed from CoPt; and 23,

- 10 an interface phase formed from amorphous Co-O.
Similar to the case in FIG. 12, these portions can be
distinctly discriminated on fhe top TEM image. FIG. 15
shows the results of a.composition analysis on a line
segment B in FIG. 14. Also in FIG. 15, the central

15 régions of the nonmagnetic matrix and the magnetic
grain mean the 80% central regions of the regions 21
and 22.

The magnetic'récordihg'ﬁedium of the present

invention.has a structure in which the magnetic

20 grains and the'nonmagnétic matrix coexist as they are
separated. Microscopically, atoms constituting the
magnetic grains and the'nonmagnetic'matrix may diffuse
in of upon forming a fhin.film, so it is impossible to
form a dispersed film in which the magnetic grains and

25 | the nonmagnetic matrix are completely separated at the
atomic level.

. To obtain the effect of disrupting the magnetic



- 22 - grain 22b is not particularly limted, it is typically

a spheroi dal shape. The size of the flat magnetic grain 22b in the
in-plane direction is preferably 5 to 15 nm and nore preferably 5
to 10 nm The island-like - 5  magnetic grain 22a and the flat magnetic
grain 22b are ' preferably separataqtngghq_nonnagnetic matrix 21 by
1 nmor nore, and preferably by 2 nmor nore. _ Since this -
magneti c recordi ng medi um contains the- i sl and-1i ke magnetic grains,
t he vol une between the 10 magnetic grains effectively increases, '
conpared to inttehmaddism dfetwemmvidee iragnettiot gmainselgnethe grain.

For this reason, the nagnetic interaction between ' the magnetic
grains can be reddissgmagnatddu@matticx ndgheirgontent. ohdike comstitReBEt can
be obtained only when the 15 aver age val ue of the angle defined by _the
si de surface elememty |f it MAINSELGrediritkt Ly EhS GOREXRE Z8BLPRaPE
surface is 75[err] .or less. Since the shape magpnetic, anigotro
energy of the isl dl® NORNAERRTG Mafis 1s prefergply 20 aipmie d‘?Fegg?’én

coer ci ve foPee can be FIE- 16 ghons GhEcRELraiTgion TURRE AFrane
arain o 0 e AT TR Dot e Sh TR NIt G Bt e
Island-11ke magnetde, Yqleddss rae%ﬁ% TEUre ir{'bnmagnet'ic matrix in the
example of FIG. 12. In FIG. 16, the attenuation amount
of the exchange interaction when the Co amount in the
10 nonmagnetic matrix present between two magnetic grains
is 0% is defined as 1. When the Co amounts in the
nonmagnetic matrix are 5; 10, and 20 atomic%, the
attenuation amounts are 0.99, 0_97,'0.95, respectively..
When the.Co amount is 50 atomic%, the exchange
15 interaction hardly attenuates. From this result, the
allowable concentration of the magnetic element in the
central region of the nonmagnetic matrix is 20 atomic$
or less, preferably 10 atomic% or less, and more
preferably 5 atomic% or less.
20 On the other hand, the content of the COnstituent
‘element of the nonmagnetic matiix in the central region
of the magnetic grain is:not_particularly limited; and
'need_only be abnut 50% or less.
- FIGS. 17A.and 17B respectively show changes in
25 anisotropy magnetic field (Hk) with respect to the Si

and O amounts in the central region of the magnetic

grain in the example of FIG. 12. -In FIGS. 17A and 17B,



25 magnet ocrystal line anisotropy. Particularly when the

crystalline underl ayer is disposed, the island-Ilike magnetic grain
is further advantageous because its .

- 23 - crystallinity is inproved. - In the present

I nvention, the content of nagnetic - Ieeggnts in the central region
of the nonnmagnetic matrix between thé ghetic grains is preferably
5 - 20 atom c% or less. The content of the constituent el ement
of the nonmagnetic matrix in the central region : of the magnetic
grain is not partithel anigotiropyethagnetic field wien ddfe di iomn Gfamgunt
central regions of the magneti'c grain and the nonmagnetic matrix
will be 10 dedor thedcentiral regieows fathsxamanetdic guai M 0 bye

of a magnetic recording layer in which a magnetic grain I s, fornmed
from CoPt, and a Aekingdedisc Lvat Althonghytkedends to dagggasie antil F G

12, reference nuneral 21 denotes : nonmagnetic nmatrix nalnky f or med
from Si-Q and 22thg S}Samouﬁﬁgﬁﬁﬁqy%ﬁ%%Q1Qﬁﬂmﬂ%%d(ﬂﬁnﬁffQ%ﬂﬂ hefhese
portions gn be distinctly discrimn na ed because tti)e Cry. q:
lattices and the EBRt PisfROYNY ik m Fange of a °"cthaﬁi) Tn the

top. TEM i mage. FlI sho osition but on_of

d
Co on a line seg ta%9 1Cs, %Fﬁ .gpéuple d%r?arsleﬁe mtg}%lolh e{lhaq%?dsl 2n

:can be reaches 60 atomic%. Changes in Hk with respect to the

O'amoﬁnt also exhibit the same trend. In the range
wherein the O amount exceeds 20 atomic%, Hk is larger
10 - than that obtained when the O amount is 0 atomic%.
With an increase in Hk,.the macroscopic coercive force
of the entire recording layer increases.te enable
high-density recording; The stability against heat is
improved to improve the recerding hold characteristics.
15 Therefore, the concentration of the constituent element
of the nonmagnetic_matrik in the central region of
the magnetic grain is preferably 25 to 53%, and more
preferably 30 to 45%.
Hk changes in the above manner with respect to
20 the concentration of the constituent element of the
nonmagnetic matrix in'ﬁhe central region of_fhe
magnetic gfain due eo-the following reason. When the
magnetic grains are dispersed ih the honmagnetic matrix
'so as not to cauee the exchange interaction, the
25 magnetic grains are stressed by the matrix. As a
result, the lattice constant shifts from that of the

bulk having the samejcomposition.' For.example, a bulk



obtai ned by an energy analysis at the sanme tine as the | mage in
FIG 12. The boundari es between the nagnetic grains 22 and the
nonmagnetic matrix 21 determ ned from FIG 12 are indicated by
broken lines in FIG 13. 25 The central regions of the nonnmagnetic
matrix and the magnetic grain nmean_the.80% central regions of the
regions 21 and 22 in FIG 13. To elimnate variations
- 24 - .caused by the selection manner of the line segnment A,
t he above analysis is perforned a plurality of nunbers of tinmes to
cal cul ate the avefeg@tvaldey has the largeftGmaphedionsndsaony emFray t op
TEM i mage when 5 an interface phase exists between a magnetic grain
and a nonf@gnat cempgsiitionhiodh CeaPE -t hdns e @bﬁnm%n&qdnwﬁgnetlc
as in FIG 12. Reference nuneral 21 denotes nonmagnetic matrjx
mai nly formed froﬁ?SPréﬂngzlaYerr howgvigggn Sviea &W&Phtmﬁlﬂ%ﬂq?ﬁ%ﬁxggﬁ%ﬂn

" CoPt; and 23, %n i nterface phase forned fronlannzpho us Co- Q.
Sinilar to the ca?@slﬁ g1 eompes itione of o O3Sy GamagReti anl%ﬂ?ﬁ??%ﬂly

disorimnat s on LASLSP ol I80haethE 8 b, conlit' e MR Y 2 °
e e e, TR ML, e 20 pone

constituent element of the nonmagnetic matrix is mixed
in the magnetic grain, strain concentrates in the’
peripheral porfion of the element. As a result, the

10 lattice constant of magnetic grains becomes almost
.equal to that of the bulk to increase the magnetic
anisotropy energy.' Depending on the combination of
the magnetic grain and the matrix, the constituent
element of the nonmagnetic.matrix may be mixed in the

15 magnetic grain to straiﬂ the magnetic grain, and to
produce strain-induced magnetic anisotropy, obtaining
a magnetic anisotropy,ehergy equal to or larger than
that of the bulk. |

Other condltlons which the magnetic recording

20 layer should satisfy in order to realize high-density
reco;ding using the magﬁetic recording medium'in the
present invention will be described below. Of the
physical propefties of the magnetic recoiding layer,
the packing,_the resistivity, and the'magnetié

25 characteristics of the entire recordiné layer will be

deséribed below.



and 22. The magnetic recordi ng medi um of the present

i nvention has a structure in which the magnetic 20 grains and the
nonmagnetic matri x coexi st as they are separated. M croscopically,
atons constituting the magneti c grains and the nonmagnetic matrix
may diffuse in or upon form ng a-thi ilm so it is inpossible to
forma dispersed filmin which the nagnetic g?éiﬁé and 25 t he
nonmagnetic matrix are conpletely separated at 'the atomc |evel.
To obtain the effect of disrupting the magnetic

- .25 - i ntler ®adkdmdeRatden t he nagnetic grains by t he
nonnagnetlc matrix, the content of the constituent el enent of the
magnetic grain in t he d&ﬁrpaCkxﬂg(natﬁo of the magnefoimregpeinge MLENR is
preferably 20 atomc%or |ess. FIG 16 shows the attenuation

amount of the nomm@am@aﬁqﬁdm#ﬂm 1i'tftf'-’tll‘\%r‘@ée%ﬁnunt in
the central region of the nonmagnetic matrix in rEEe of . FIG
12. In FIG 16, tmameatdqshasachasistics, and dirhet Hé@&ﬁaﬁg‘ée retifon
when the Co anmpunt in the 10 netic. matrix present. bet ween fwo
magnetic grd&ns TeCording d@yer deﬁ%?é’g“lé’g thafpdhe MePHH TR e

0,
nonrragnet e matrix ao(iu?nna%:o sh%rb% ,Zoaln%lt (%rpec érlten ation of the gra:.ns

when viewed from the bottom surface is hcp, a packing
ratio p is given by p = _21ta2/(31/2 *(2a + b)2) using
a radius a of the gréiﬂ and a spacing b betweén the

10 Qrains; It is known that the size of a crystal grain
in a typical thin magnetic film in current use is 40 nm,
and that the distance required to disrupt the exchange
interaction between the grains is at least about 1 nm.
Substituting these values into the above equation

15 yields a packing ratio p of 0.7 or less. To mdre
completely disrupt the exchange interaction and reduce
the medium noise, the value of the packing ratib is
preferably 0.5 or less. Even if the orientation viewed
from the bottom surface of the magnetic grain is not

20 hep but fcc, the exchange interaction between the
magnetic grains cén_be effectively disrupted with
-a packing ratio qf 0.7 or'leSS_on the basis of the same
calculation. The optimal value of the packing ratio is
determined by the spécification'of”a hard disk drive.

25 Various characteristics can be improved by
changing the packing ratio along the‘perpendicﬁlar

direction of the magnetic recording layer.



attenuation anounts are 0.99, 0.97, 0.95, respectively. When the Co

anount is 50 atom c% the exchange 15 I nteraction hardly attenuates.

Fromthis result, the al | owabl e concentration of the magnetic

el ement in the central region of the nonmagnetic matrix is 20

~atom c% - or less, preferably 10 atom OrC?O/ or less, and nore .
preferably 5 atomc%or less. 20 he ot her hand, the content

of the constituent el enent of the nonmagnetic matrix in the centra

regi on of the magnetic grain is not particularly limted, and

- need only be about 50%FRwur leessmple, if the padkiZyy dAawianis 1¢Bangsgesuthel y
show changes in 25 ani sotropy magnetic field (Hk) with respect to the

Si and 0 ahamtpertidnse heorinalhiglyipacking hea v et d cportions

grain in the exanple of FIG 12. In FIGS. 17A and 17B,

- 26 t hdaatiingbthosp paviyjmst izatricelal ternateky Sppean akebgt the

in the central region of the magnetic graln Is O0is defined as 1.

Al t hough Hk tends ReFResWicadanfigection of tthe gagnfuif . #%%%%énqolayer:

atomc% it is alrmst 1 when t he ajmount fals gﬁnthe range

of about 203%o he l@i?ré{a&msé’%esénﬂ:aébi?fptqﬁﬁ et fRtgrna

anount reaches 60 m ¢c% n es in t h res ect 0 the
O amount al so exhisdﬁrtestsné'fgd"?ﬁ? (PN, 11% 19 ' layds e18xed? the

adhesion properties of the magnetic recording layer
with respect to the substrate are improved to improve
the durability of ‘the ﬁagnetic recording medium.

10 As a result, defeets_which can cause burst noise can be
déecreased. lThis manner of chenging the packing ratio
is only an example.. Since the value of the internal
stress changes depending on the deposition conditions
of the magnetic recording layer, the packing ratio is

15 - properly changed in accordance with eaeh case.

If the packing ratio is decreased fibm the
substrate surface toward the surface of the recording
layer, the ratio of the high-hardness nonmagnetic
matrix may increases to increase the hardness of the

20 surface of the magnetic recording medium. If such an
effect is obtained, the durability of the magnetic
recording medium ageinst a head crash or the like can
be improved. In this case, even if the head is brought
into contact with the magnetic reeording medium to

25 perform recording/repreduction, since the magnetic
recording medium has sufficient durability, |

high-density recording is enabled.



wherein the 0 anpbunt- exceeds 20 atomc% Hk is |arger

10

t han t hat

‘obt ai ned when the 0 anmount is 0O atom c% : Wth an increase in Hk,

t he macroscopi c coercive force of the entire recording |ayer

I ncreases to enabl e hi gh-density recording. The stability agai nst
heat is I nproved to inprove the LECOéﬁing hol d characteristics. 15

Therefore, the concentration of the constitu el ement

of the

nonmagnetic matrix in the central region of the magnetic grain is
preferably 25 to 53% and nore preferably 30 to 45%

Hk changes in the aboverdraheercostidarespefitlieo pafking taticonsenncaeasadof
the constituent el enent of the ' nonmagnetic matrix in the central
regi on of the from rohgnetuibs toradien sdusface ttovdwl | tive nsprfacencf vibkd t he

magnetic grains are dispersed in the nonmagnetic matri X

SO0 as _not

to cause the exchaegerding deyiesn, simce Athe magnpieizatipnionr the surfaced

by the matrix. As a result, the lattice constant shjfts from that
of the bulo e MGoned isamecasifidd Swifaga besemet elax98ul k
- 27 - Co-Pt alloy has the | argest magnetic ani sot

for a conmpoSiti ondoflaEgerePrrduct 1ok Htdr Saf Ry RtFRLD

o3 WhERCthR ng

| ayer, however, even when the nagpetic r ai has th 0§£g30§£5$0n of

Co[err]Pt, a magn 'étﬁﬁF§bﬁﬂgbf

e no gnetic matrix are

similar materials, and their coefficients of thermal

expansion and the like are similar, the adhesion

properties between thé'éubstrate and the magnetic

10 recording layer can be.improved.

When the magnetic head is brought into contact

with the magnetic recording layer to record, high

hardness and good insulating properties are required

on the surface of the magnetic recording layer.

15 Therefore, the ratio of the magnetic grains on the

‘surface of the magnetic recording layér is also one

important parameter. The value of (area of magnetic

grains)/(area of nonmagnetic matrix) on the surface of

the magnetic recording layer is preferably 0.7 or less,

20 similar to the packing ratio of the magnetic grains,

and more preferably 0.5 or less.

(2) Electrical Resistivity

The resistivity of the magnetic recording layer

can be controlled by the packing ratioc of the magnetic

25 grains or an additive element in the nonmagnetic matrix.

If the resistivity of the maghetic recording layer

is 1 Q+cm or more, the magnetic recording layer can be



5 energy equal to that of the bul k cannot be obtai ned due to
the shift of the lattice constant. |If the constituent el enent of

t he nonmagnetic matrix is m xed in the magnetic grain, strain
concentrates in the peri pheral portion of the elenent. As a result,
the 10 | attice constant of nagnetic -grai becomes al nost

“equal to that of the bulk to increase the Ta tic ani sot r opy
energy. Dependi ng on the conbi nation of ~the magnetic grain and the
matri x, the constituent . elenment of the nonmagnetic matrix may be
m xed in the 15 sufifagnsrtdyyraonsidersdd as dmeimaghetox, grampareddtoo
produce strain-induced magneti c ani sotropy, obtaining a magnetic
ani sot ropy ener gy tdwualondnaiiont pgeriarharf the head hatThe heedbeaR. be

O her conditions which the magnetic recording 20 | ayer should satisfy
in order to real i Zxevegitaterfidany being danaget N Uk HPRIRCWEGRBE ¥hen
recordi ng mediumin the present invention will be described bel ow
O the phyidiec dleast @Gé?ﬁar@'ss dihe mAaghefn |1€,e‘?%‘é‘i)¥%g ns2Yeyer , When

t he packing, the resistivity, and the magnetic characterlstlgs of
the entire Pecordith§ Icopsducdtiqy peFrtion of %c‘??%d’“’be‘?bﬁ@mpatterne

5_28- (L Paiﬁln Ra“ﬁead the resistance of the micropatterned

portion increases. Therefore, the resistivity of the

magnetic recording layer is preferably 105 Q-cm or

more. To maintain cdmélete inSulatiﬁg properties, the
.10 resistivity is preferably 1010 Q:cm or more.

When a medium having a magnetic recording layer
formed on a glass disk is rotated at a high speed,
electric charges are generated on the disk due to.
friction with the atmosphere. If the electric charges

15 stored on the disk are discharged to the magnetic
head, the head element mey be damaged. Even when the
electric charge amount is small, if the cross section
of the conductor portion of the magnetic head is small,
the current densify increases. For this reason, the

20 - damage to the.head element is becoming a serious
problem aleng with an increase in integration of the
element. To solve fhis problem, the medium preferably
has conductivity to-é certain degree. However, if the
medium is a conductor, a leakage current is generated

25 from the head element. Therefore, the resistivity is

| preferably 16‘4 to 103 Q- cm.

A matrix material having a resistivity of



The packing ratio of the magnetic grains in the nonmagnetic matrix
greatly influences the hardness, _ magneti c characteristics, and the
| i ke of the magnetic 5 recording layer. Assunming that the magnetic
grain has a columar shape, and the orientation of the grains

when viewed fromthe bottomsurface is hep, %Zpagking ratiopis
given by p = 2[err]aferr]/(3[err]. (2a + b)2) using a radius a of
the grain and a spacing b between the 10  grains. It is known that the
size of a crystal grain . in atypical thin magnetic filmin current
use is 40 nm 10~% @hdcmher mbzediscdndesr dgdiivad tig @ixidept( ZTY) -
exchange i nteraction between the grains is at |east about 1 nm
Substituting thes® Patgyés materipd Beyvadeguassdstivdty ofyildTds Q4 @& ng
ratio p of 0.7 or. less. To nore .. .completely disrupt the exchange

i nteraction and rBageeincludes apnfrapgitdrromedal; Rdtrddfe soch ke FHeling
ratio is referably. 0.5 or less. Even_ if the.otientation viewed
fromthe botton1sﬁ?T§6e05f¥Pﬁg'naaﬁeFiEaﬁF&?hmF§eﬁ&Fl %GVlnglﬁJ}Hﬂheﬁcc,

t he exchangg interactipon _between_the . net i r.aiaNs..can he ..
effectivelygdisruﬁ?gﬁsﬁfYﬁEY’ a norga%aé fﬁéagg |om8%e%}%lb%uﬁggfgbﬁhfﬁ@

basis of the sane,,_ al,Cc t{.qQn e optimal val ue of the packing
ratio is %%tgfn?ﬁeg gy“%ﬂebgpgg;Prcation of a hard disk drive. 25

o o’ oL TSP PR tho inguIGHINY BE A ORI
| ayer. electrical conduction of the magnetic recording layer
is determined by the system arraﬁgement of a head or
10 disk drive to be used. |
'The specification requirement of the resistivity
of the magnetic recording layer is preferably met even
between the spindle and any conductor portion of the
head; Therefore, the resistivities between the spindle
15 and a plurality of portions of the head are measured
and evaluated, while the head is in contact with the
medium. |
(3) Magnetic Characteristics of Entiré Magnetic
.Recording Layer
20 The coercive force Hc of the magnetic recording
layer is preferabiy 2 kOe or more in order to enable
recording at a high-density of 1 éb/in2 or mdre, and
preferably 3 kOe or more in order to achieve recording
at a very high density of about 10 Gb/in2. Hc of
25 the magnetic recording layer is closely related to
a saturation magnetic fiux'density Bs of the recording

head. FIG. 18 shows the relationship between the



- .29 - For exanmple, if the packing ratio is changed such
that portions having high packing ratio and portions havi ng | ow
packing ratio alternately appear along the per pendi cul ar direction
of the magnetic recording |ayer, 5 the internal stress can be

di spersed. If the internal stress of 31he magneti c recordi ng | ayer
I s rel axed, the adhesi on properties 6% t he magnetic recording |ayer
with respect to the substrate are inproved to inprove t he
durability of the magnetic recording nmedium 10 As a result, defects
whi ch can cause bgosirciviesdorae iz of the mdapredsisedcecHrdimpnhayenfand
changi ng the packing ratio Is only an exanple. Since the val ue of
t he internal the $mepsdtdieandengidpdntiiveineh Bshe dgusiheah ragritions
of the magnetic recording layer, the pack| ng ratiois 15 properly
changed i n accor dBRE WSt R PAaRmeier. FIG. 18 shows the SHHddHHeiomitio is
decreased fromthe substrate surface toward the surface of the
recor di ng ' Iespdis phtalpsd, byt & IROMRYHRh e dde FRRRFE track

matri x may ncreaseagho increase the har ness . of, t rf.ace of the

magnetic re ord| ng* Hites ength éﬁgglzngmbbtafﬂcﬁet&’ t he
the ke can  SPRCHES; e 0,08 urnLef e BalR, B Bk wﬁﬁ%"@%ﬁﬂgﬁ[
et A g SRR A B
sufficient durabi bbb¥rding can be performed by a head having each Bs
value, i.e., a condition for attaining the maximum
10 recording density. _That is, Hc at the minimum point
of each curve is Hc requiied to attain the maximum
recording density. The value of Hc is 2,200 Oe for
Bs = 0.8 T, 2,800 Oe for Bs = 1.0 T, 3,500 Oe for
Bs = 1.2 T, and 4,500 Oe for Bs = 1.6 T. From these
15 results, Hc of the magnetic recording medium is-
preferably 1/2 or less, and ﬁore preferably 1/4 or less
Bs of the head in the CGS sYstem of units.
Various physical properties which the magnetic
grain itself shduld-satisfy in order to realize
20 high-density recording using the magnetic recording
medium of the present invention will be e#amined.
(2) Volume of Magneﬁic Grain
It is genérally known that, if a magnetic
substance becomes very small, the mégnetizatibn cannot
25 be kept aligned in a predetermined difection due to
thermal fluctuations. Time changes in magnetization

I due to. the thermal fluctuations of the magnetic



- attained. When the substrate and th

hi gh-density recording is enabl ed.

- 30 - To the contrary, if the packing ratio is increased

fromthe substrate surface toward the surface of the recordi ng

| ayer, since the magnetization on the surface of the magnetic

recording surface becones |arge, 3 ge reproduction output can be
oﬁhagnetic matrix are forned

. from simlar materials, and their coefficients of thernal

expansion and the like are simlar, the adhesion : properties between

- the "substrate angublstamagndiavingl @ magneddicdiang siodyrepyc amehrgy Fpr et

When the magnetic head is brought into contact with the magnetic

recording layer t@& vedume vhiighexpressegabyness and good insul ating

properties are required _on the surface of the magnetic recording

| ayer. 15 Thereforé(fﬂhe'ﬂétr@xﬁﬂ'ﬁﬁé)nagnetlc gralns on the

surface of the magnetic recordlng |l ayer is also on t ant

parameter. The vaW@@rGf-(&ﬁe&#@?vnﬁghétFEe relaxatgpg,ﬁéypeapgg 5? is the

nonmagnetic_matri x he surfagce q netic.recqrding_ | ayer

i's preferabPy 0. 71§F%F5 smagfﬁtlzaFﬁQH A oo tﬁ@rgggfﬁn& r8t B5VE e

nagnetic grains, ' _and nor e, pref ly 0.5 or less. . (2)

El ectrical Resistivi ty = To"ex (‘P %u(;li&g '

‘where 1, is about 10-9,

k is the Boltzmann constant,
and T is the absolute temperature.. 1 is required to
be 10 years or more which is a practical recording

10 storage time. The condition under which T is a wvalue
of 10 years or more at room temperature (T = 300 K) is
veKu > 1.7 X 10-193. substituting 9.5 X 105 J/m into
Ku for SmCo as an example, v becomes 1.8 X 10-26 m3.
Therefore, if the volume of the magnetic grains is

15 equal to oxr larger than this value, magnetization does
not vanish due to the thermal fluctuations, and the
magnetic recording medium can be practically used.

(b) Size of Magnetic Cluster
A magnetic domain is.formed on the magnetic

20 recording layer by a magnetic field from the magnetic
head, and sexrves as one recording unit of infor@ation.
If the miniﬁum'magnetic'domain size on the magnetic
iecording layer is larger than the magnetic domain to
be formed, the S/N ratio of the signal deteriorates,

25 and reproduction cahnot be performed in the worst case.
The minimum magnetic domain size can be estimated by

the magnetic cluster size when the magnetic recording



The resistivity of the magnetic recording |ayer can be controlled
by the packing ratio of the nagnetic 25 grains or an additive el enent
in the nonmagnetic matri Xx. If the resistivity of the nagnetic
recordi ng | ayer is 1 [err][err] cmor nore, the magnetic recording
| ayer 'can be ' - 31 -

sufficiently considered as an insul ator, cBnp%?ed"to t he conduct or
portion of the head. The head can be : prevented from bei ng damaged
by a | eakage current when t he head contacts ‘the magnetic recording
| ayer. Wen 5 mediem condACtdemapgmet bzedf tTiee hbemigtls of ctbeareepnddng
| i ke an MR head, the resistance of the m cropatterned portion

i ncreases. Ther ef onagnetic rdomainvinythg ligear direchiomefor attadiding
layer is preferably 10[err] [err] [erer cnlor nore. To maintain
conpl ete insul ati iy zﬁﬁ%mm@sdermatm 1 Gheindtivils0ampt¥esdasky

10[err] [err]-cmar gﬁa medj um havin a magneti c

recording |ayer IEEE T#%%&Wa' gY%]ss B sPi SrothteP2E) A high speed
clectilc N 05, e oReral o oL IRl Sl Pl B e M«aﬁi'afaﬂ“s
di scharged to the naqg tic thqa qu el ene & ged.
Even when the e%?e}]r]celihg?‘zféa%}rb%n‘f f ’srﬁsﬁ(’for n?h c?ogéggectlon
of the Conduct or p&éﬁéﬂﬂ( OcIf tPeGWtdrc l'm?laéi J.sS S&@J_ble In practical
use, however, the noise level increases unless several
magnetic clusters faIl"withih the short side of the
10 magnetic domain. Therefore, the éize of the magnetic
cluster is preferably 100 nm or less, and more
preferably 50 nm or less. To realize reproduction at
a high S/N ratio, the size of the magnetic cluster is
more preferably 30 nm.
15 (c) Size of Magnetic Grain
| In the dispersed magnetic recording layer, since
the magnetic grains are separated from each other to.
"~ such a degree as not to give rise to the exchange
interaction, the magnetic grain is the minimum unit
20 of magnetization reversal. When the size of the
magnetic grain is eqﬁal to or larger than the magnetic
cluster size when the magnetic recording layér is
‘AC-demagnetized, the shape of the magneﬁic domain
formed in the'magnetic recording layer cannot reflect
25 the magnetic field from the head, generating medium
noise. In this case, if the average in-plane Size of

- the magnetic grain'(average length of the major axis



the current density increases. For this reason, the 20 damage to the
head el ement is becom ng a serious ' probl em al ong with an increase
in integration of the elenent. To solve this problem the nmedi um
preferably - has conductivity to a certain degree. However, if the
mediumis a conductor, a |eakage current +s qﬁperated 25 fromthe head
- element. Therefore, the resistivity is preferably 10[err] to
~10[err] [err] [err]cm A matrix material having a reS|st|V|ty
. of - 32 - 10[ err]
[err][err]cn1or noficer i arc|eldeipt it inagretioxdxkeig) T3 .1/10 or lesaathex
material having a resistivity of 10-2 [err][err]mor : nore i ncl udes
a transition netalavenadelaagnstias dlusNer size upkn NIC fempgretpzabifBrri x
mat eri al having a hlgher 5 resistivit a nornal i nsul ating materi al
such as Si-0Q e mgdiym GFOEGP\I‘?\%W E%@EF The bal ance
bet ween the insulatlngéﬁropertles and : electrlcal gondu tion Ofﬁﬁh f
o]

magnetic recording laydt lubricant stopEheiTRINEY T HESSYE éﬂ?a ?Xﬁﬁeﬂé
e Sy o4 AR SO0y s i e I AR
BB T oo e T U T ?ezé}geefra%eeﬁ‘%%;%@%n paar
must be shortened, and further it is preferable to
slide the head on the medium. To effectively prevent
lwear of the magnetic'rébording medium due to contact
10 with the recording/reproduction head, a lubricant is
applied on the surface of the magnetic recording medium
to be used. As the lubricant, Fomblin Z-DOL, Fomblin
AM2001, and the like are used; If this lubricant'is
nonuniformly applied to form projections, the head
15 may collide against the projections and be damaged.
For this reason, the lubricant must be uniformly
applied to a thickness of about 10 nm with good
adhesion properties. Iﬂ a conventional film mégnetic
recording layer, a protective film made of carbon,
20 silica, or the 1ike.is formed oh the surface, and
a lubricant is applied on the protective film. However,
particularly when a.silica-based protective film is
used, uniform application of the lubricant is difficult
due to the OH groups present on the surface. For this
25 reason, when a silica-based protective film is formed,
the OH groups are removed by a heat tréatment, and then

the lubricant is applied.



15 and a plur
eval uated, while
(3) Magnetic Char
The coercive forc
2 kCe or nore in
Gb/in2 or nore, a
recordi ng
t he magnetic reco
magnetic flux den

ality of- portions of the head are measured and
the head is in contact with the medi um
acteristics of Entire Magnetic Recor di ng Layer
e Hc of the nmagnetic recording | ayer is preferab
order to enable -recqrding at a high density of 1
nd preferably 3 KCe dr fore in order to achieve
at a very high density of about 10 Gb/in2. Hc of 25
rding layer is closely related to a saturation
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presend dnyeation,esdmdiendheaypeonmagrhetic matnix;can

by using Bs of the head nagnetic pole as a
gushbdont Ae si parsecsive film tpedmprovebttdinswdiianical
recording track 5 wdth is 3 [err]m the gap Ieng

ﬁéaracter18§|aaé|,ng Fpaging-fless] Protretivid fimmpaierd of
n1n|nun1len th_of the magnetic donain in which

BEET BLHEHSbpCn HREREday g voddR BYLSt at Thehaundary
g'nlngntggen%éngggne%lc mat&i%oggkggo%?%&!%%nmégkgtlc
matrix, and the magnetié grain, the lubricant enters
the voids to improve the adhesion properties to

a certain degree. Fﬁifher, since polishing (vanishing)
is performed before application of the lubricant after
fabricating the magnetic recording layer, many voids
appear on the surface to further improve the adhesion
properties éf the lubricant. The voids preferably have
a radius of 1 nm or more, and a depth of 2 nm or more
for sufficient adhesion properties.

Particularly when the surface of a dispersed
magnetic recording layer using a silica-based matrix is
formed from only thé matrix, uniform application of the
lubricant is difficult due to the OH groups present on
the surface, similar to the case of the silica—based
protective film. In addition, if a heat tréatment is
performed to such a degree as to remove thé OH groups,
mutual diffusion of constituent elements may occur
between the magnetic grain and the matrix to degrade
the magnetic characteristics; For this reason, such
heat treatment is preferably avoided.

To uniformly apply the lubricant on the surface of

20
Iy

th

a
Hc



of each curve is Hc required to attain the maxi num ' recordi ng
density. The value of Hc is 2,200 Ce for Bs = 0.8 T, 2,800 Ce for
Bs = 1.0 T, 3,500 Ce for _ Bs = 1.2 T, and 4,500 Ce for Bs = 1.6 T.
From t hese 15 results, Hc of the magnetic recording nediumis
preferably 1/2 or |ess, and nor e preferably y4 or |less. Bs of the
head in the CGS systenlof units. 8vari ous physi cal properties
~ which the nagnetic grain itself should satisfy in order to realize
20 hi gh-density recordi ng using the nagnetic recording ' medi um
of the present i nwhel idispsiddedenagprtiinectecording layen\joltine adndémirmst+ c
Grain It is generally known that, if a nmagnetic
substance becones tieny ofm@iH grdupsTegndther surfacearsopreferablpeskept
aligned in a predetermn dlrect on due to thermal fluctuations.
Ti me changes in nmégnét i@ |th/cm or leggewitheont pRsLexmingyenyatiedds of

the magnetic 34 -
subst ance havi ng é’—r@é&ﬁ@ﬂto aliSs Gt W%&%FW%DQ the conceptrARLirR s

expressed b I (t) =1s exp(-t/[err] Where t is tineg,
| is the re%axatié’r;{f OHgronRs I"é1 ithe ﬁélr(faS’e of tl)hq ERCHRRE i LA¥on

Kﬁ}ﬂ?j Further, %%T%tfd E%ea me , an ozone trégimékﬁjlgﬁg]éhrrﬂl gxpv

can be employed. By performing these treatments, the
OH groups are removed upon reaction with the acid or
ozone tp decrease thé’ébncentration of OH groups on
10 the surface of the reéording layer. Therefore, the
lubricant can be uniformly applied without performing
any heat treatment. |
EXAMPLES
Examples of the present invention will be
15 described below.
Example 1
An example of fabricating a magnetic recording
layer having a fine structure like the one shown in
FIGS. 2 to 6 will be described. |
20 Example 1A
A 2.5" glass disk substrate, a CoPt target, and
an SiOp tafget were set in a magnetroh sputtering
apparatus. While a bias of 200 W was applied to the
substrate in.an Ar atmosphere at 2 mTofr, binary
25 co-sputtering (DC-sputtered for CoPt; and RF-=sputtered
for SiOz) was'peiformed'for 5 min to form a magnetic

recording .layer on. the substrate.



where [err]o is about 10[err], k is the Boltzmann constant, and T
Is the absolute tenperature. [err] is required to be 10 years or
nore which is a practical recording 10 storage tine. The condition
under which [err] is a val ue of 10 years or nore at room
tenperature (T = 300 K) is v Ku = 1.7 10[err]J. Substituting 9.5
X 10[err] " J/ minto - Ku for SnCo as an anpl e, v becones 1.8 X 10-26
nMerr]. “ Therefore, if the volune of the magnetic grains is 15
equal to or larger than this val ue, nagnetization does not vani sh
due to the thermal flucWhehi ohs,tepdshhface of themmagheticererdirddngedi um
can be practically used. (b) Size of Magnetic Custer

A magnetic donai n laydorwes arseieedagiich ian PE-TEM, rekernagngetager by a
magnetic field fromthe nagnetic : head, and serves as one recording
unit of informati orecording layex thadiaistmicpetie wohehncsystadhipge
magneti c recording layer is larger than the nagnetic donain to

‘be formed, the S/ \Phages GIntxining PPl %rd didircompanent yaye
reproduction cannot, be perforned in the worst case. .. Tge m ni_num
magnetic dorhin si%ks et HR13HeAMRFRPUS Phase (qntalndng SEPasREr size
when the magnetic recordin '

Tedi um i s AG denadhdid ZhEORRRASN Yt (TRRR (hETRRD HFFLon of thﬁaﬂﬁgi"?g§c-

dommin in the llrm?%cé%&f%&Ifﬁ&éf”wégtégégfgkd with a TEM, a nonmagnetic

matrix (Sioj) was present between the substrate surface
and magnetic grains (CéPt). The average size of the
.10 magnetic grain in the perpendicular direction was about
| 8 nm. The displacement of the magnetic grain in the
perpendicular direction was about 2 nm, which was equal
to or smaller than the average radius of the magnetic
grain. The average in—plane spacing betwéen the
15 magnetic grains was about 3 nm. In this manner,
evidently a magnetic recording layer inlwﬁich CoPt fine
gfains were uniformly dispersed in SiO5 was formed;
When the magnetostatic characteristics of this
magnetic recording layer were measured using a
20 -vibrating sample magnetometer (VsSM), Hc was 2,000 Oe,
and Ms was 350 emu/cc. The surface resistance of this
magnetic recording layer was measured by a four-probe
method to obtain a value of 1 MQ or more.
Exémple 1B
25 A magnetic recording layer made of CoPt/SiOjp was
formed in the same manner as in Example 1A except that

. the deposition time was set at 10 min. The shape of -



a recording density of 1 G/in[err] is 150 nm (Mirdock, | EEE Tr ans.
Magn., Vol. 28, p. 3,078 (1992)). 5 Therefore, if the average size of
t he magnetic cluster is set smaller than this value,-recording at a
hi gh density of 1 Gb/in[err] or nore is possible. In practical

use, however, the noise |level increases unless several magneti c
clusters fall within the short side of the I ~“magnetic domain
Therefore, the size of the magnetic cluster is preferably 100 nm or
| ess, and nore : preferably 50 nmor less. To realize reproduction at
a high S/N ratio, dheadgriets ofgidion nagngie olstatkied msgnetic reoording

- preferably 30 nm 15 (c) Size of Magnetic Grain : In the

di sper sed magnet i dayooridid@ [hyshapsialoeng the pexrpendigwbai cdgrachisonse
separated from each other to such a degree as not to give rise to

t he exchange The janesrags ivize ok theynkaver gud Pextier of ntha@m unit

20 of magnetization reversal. Wen the size of the magneti c
grain is equal toTRONSgegGHaN ¥hehfgittpkane dlrec%&?%t%@ssFE%uﬁhgnnThe

magnetic recording Iaye S AC- demagnet i zed, . t he s%e of thg .
nmagnet i c dor?a and ‘the Jigpgth P HOSRABIG LG IR IR n’g“l r PRERRBEC

refl ect igi etic field fr n1thﬁE?ead enerat ng nedi_u
noi se. In th| s caskdy Jt’??é:td\%?a‘(w 9 el OPRAIARHHEt i ¢

grain (averagel«a%gg}fg ggubéyﬂwasi¥%und between the magnetic grains and

a disk, and the magnetic grains did not contact the
disk. The average disﬁlacement of the lower end of the
10 magnetic grain was about 3 nm, which was smaller than
the average radius of curvature (4 nm) of the lower end
portion of the.magnetic grain;
The magnetic recording layer had an Hc of 2,000 Oe,
an Ms of 400 emu/cc, and a surface resistance of 1 MQ
15 or more.
Example ;C
A magnetic recording layer made of CoPt/TiN was
formed in the same manner as in Example 1A except that
TiN was used as a nonmagnetic matrix. The average size
20 of the magnetic grain in the perpendicular direction
was about 9 nm, the displacement of the magnetic grain
was about 3 nm or less, and the average in-plane
spacing between the magnetic grains was about 3 hm.
In this manner, a magnetic recording layer in which
25 CoPt fine grains were uniforﬁly dispersed in the TiN
matrix was formed. |

The magnetic recording layer had an Hc of 1,950 Oe,



- 36 - for an elliptic magnetic grain) is 1/10 or |less the
average magnetic cluster size upon AC demagneti zati on, t he nmedi um
noi se can be reduced. A lubricant for the magnetic recording
|l ayer will 5 be described below. To realize high-density magnetic
recordi ng, the spacing between the head and % e medi um must be
shortened, and further it is preferable td slide the head on the
medium To effectively prevent wear of the magnetic recording
medi um due to contact 10 wi th the recording/reproduction head, a

| ubricant is an Mapplfi 84 50emuliecsuram a chrtfleearagyssis ttanaz o fli algout
medi um to be used. As the lubricant, Fonblin Z-DOL, Fonblin
AM2001, and the |isleseaed Ged. [f this lubricant is nonuni formy
applied to formprojections, the head 15 may col |l i de against the

proj ections and b&xa@apdgedD For this reason, the lubricant nmust be
uni formy applied to a thickness of about 10 nmw th good

adhesi on” properti es. Iﬁ»@qﬂﬂﬁﬁﬂﬁ|Rﬁﬁﬂr¢4ﬂgn¥ﬁﬁﬂﬁﬂmﬁﬁe of COPFéQEPﬁlng

| ayer, a protective fIIﬁIﬂBde of carbon, silic or the like is
formed on tRe surWaSefozfgd on a g&aﬁﬁbﬁ¥§5ﬂﬁﬁW§Q%nﬂ ek K ecti ve

fil Ho t I I I based t t fil
used. uni 1 of m appPPESFIGHe5T SPnd Sy BHREATE 10 STF Fedie Han i '%%en'fo”l he

O 9F0up3 oot g T o5, o Reablle) o Racppg MR Aot o
by a heat treatnegEVlgadalgggt the same fine structure as that in
Example 1A was obtained. ‘This fact indicates that
10 formation of the magnetic recording layei is hardlf
influenced by the Cr ﬁndérlayer.

The magnetic reéording layer had an Hc of 2,100 Oe,
an Ms of 390 emu/cc, and a surface resistance of about
several hundred kQ.

15 Example 1E

A magnetic fecofding layer made of CoPt/TiN was
formed on a glass disk having a 50-nm thick Cr
underlayer on its surface in the same manner as in
Example 1C. As a result, a magnetic-recording 1ajer

20 having almost the same fine structure as that in
Example 1C was obtéined} |

The magnetic recording layer had an Hc of 2,000 Oe,
an Ms of 380 emu/cc, and a surface resistance of about
several Q.

25 Example 1F
| A magnetic recording layer made of CoPt/SiO; was

formed in the same_manner as in Example 1A except that -



the lubricant is applied. - 37 -
In the dispersed magnetic recordi ng medi um of the pr esent

i nvention, since the nonmagnetic matrix can function as a
protective filmto inprove the nmechani cal characteristics, a
spaci ng-1oss protective filmneed 5 — not ,al ways be forned. |If voids
exi st at the boundary bet ween the no ﬁagnetlc matrix portion or
nonmagneti c matri x, and the magnetic grain, the lubricant enters
the voids to inprove the adhesion properties to a certain degree.
Further, since pothehingutvpowelri ig) a COPt tairgeperhospuadtieafimge was
appllcatlon of the lubricant after fabricating the magnetic
recording |ayer, danpledi dsThe averagppeareonit ReMagnPide OF afLir Wasr

i mprove t he adhesion properties of the |ubricant. The voids
preferably have about Banmadthg gisplareBenkoes, thRdMATASHLS G Mhy:
nore 15 for sufficient adhesion properties rticularly
when the surface BheaPﬂFEﬁﬁﬁéﬁﬂlar dlrec%éBHeWPé PEEBFd?anI&§é3 &g a
silica-based matrix rmed.fromo mat ri x, ,uni form

appl i cati on”of thefid' Ehe avepagpcifrPLend FPPEE’P{J BeEvesm Kb SORAFREHIS

present on the surfac

I | based
protective f|In1 Pha483i Yidn® EPF%a hgﬁ[ E?gé?n%gasﬁggg kg%n%E gC?orﬁzg to
such a degree as £8c6§3?ﬂ& iQ§e£P59&OHEﬁost the same fine structure as

that in Example 1A except.that the 1n-plane spacing
between the magnétic Qréins was smaller. A nonmagpetic
10 matrix (SiOy) was observed between the substrate
surface and the magnetic grains.
The magnetic recording layer had an Hc of 2;000 Oe,
an Ms of 430 emu/cc, and.a surface resistance of 1 MQ
.oi more.
15 Example 1G
A magnetic recording layer made of CoPt/TiN was
formed in the same manner as in Example 1C except that
the input power to.a CoPt target in sputtering was
doubled. The fine structure of this magnetic recording
20 ~ layer was almost the same as that in Example 1F.
The magnetic recording layer had an Hc of 1,900 Oe,
an Ms of 420 emu/cc, and a surface resistance of
several Q.
Disks 1A to 1G were fabricated by forming magnetic
25 recording layers under the same conditions as described
~above; and successively sputtering carbon to form 10-nm

- thick carbon protective films. The electromagnetic



mut ual diffusion of constituent elenents may occur ‘between the
magnetic grain and the matrix to degrade 25 the magnetic
characteristics. For this reason, such heat treatnent is
preferably avoi ded. To uniformy apply the lubricant on the
surface of ' ' - .- : t he

di spersed nagnetic recording |ayer, the cdhce%%raf ~tion of OH
groups on the surface is preferably set at 4 X 10[err] atmcnerr]
or |l ess without perform ng any heat treatment. As a method of
decreasi ng the corftetactiemistids of titesd diskpswenet eatuatadeusfinghe
recordi ng | ayer, : an acid treatnent, an ozone treatnent, and the

li ke can ke spipl etehd By Jrerfeconraing heare MiGaheedtbaving a gap

OH groups are renoved upon reaction with the acid or ozone to
decrease the concermngtth of of . Hyranssa okraak widthhef sér Pape wast yeed.
recording |layer. Therefore, the | ubriicant can be uniforpy applied
wi t hout performi ngh reprodugfigpatan (MRithead having a gap length

EXAMPLES Exanpl es of the éores_ent inyeption will be .15

descri bed b& ow. ©f 0.14 gmand a track width ok of i 2%t UF8Hri cating a

imggnetic recordi ngfhe flyingl aR/ee{ghhtavci)Pgt}zliefﬂerlgdsvgarlgcgblrr%n[i_ke t he one shown

First, signals were recorded at a recording
density_of 150 kfci (flux change per inch), and
reproduced to measure ﬁhe.normalized medium noise

10 (Nm/So). As a result, the normalized medium noise was
as very weak as 0.015 to 0.018 pml/2uvrms/uVpp in any of
the disks. When the medium S/Nm ratio was measured, it
was 30 to 31 dB in disks 1A, 1C, 1D, and 1lE, and 32 dB
in disks 1F and 1G, and 34 dB in disk 1B. Probably,

15 in disk 1B, the signal intensity was high to obtain
a high S/Nm because magnetic grains were large and the
magnetization was large. Perhaps, in disks 1F and 1G,
the signal intensity was high to obtain a high S/Nm
because the volume content of magnetic grains in the

20. magnetic recording layer was large.

Next, signals were recorded at a recording density
of 200 kfci, and reproduced to measure the normalized
medium noise (Nm/So). As a result, the '
normalized medium noise was 0.017 uml/qurms/qup

25 in disk 1A, 0.015 uml/qurms/qup in disk 1F, ahd

| 0.02 pm}/2pvrms/uvpp in disk 1G. Presumably, disk 1F.

exhibited a good value even at a high recording density



FIGS. 2 to 6 will be described. 20 Exanpl e 1A A 2. 5"

gl ass disk substrate, a CoPt target, and an Si2 target were set in
a magnetron sputtering apparatus. Wiile a bias of 200 Wwas applied
to the substrate in an Ar atnosphere at 2 mflorr, binary 25
co-sputtering (DC-sputtered for CoPt, and~RF1££uttered for SiQ2)
was perfornmed for 5 min to forma nagnetic- ~ recording layer on the
substrate.. - ' : ' - 39 -

When the top surface of the nagnetic recording | ayer was observed
with an FE-TEM t becagpecttihe density raef arafnmeticyerains wasthighure in

whi ch crystalline phases containing CoPt as a nai n conponent were

5 di spersed i Ala® ardoy gicls Ithadde omiseiprpiBilily atncreased duemin
conponent. Wien a cross section of the magnetic . recording IaKer was
observed with a TEM a@ A®ereRse i magnetiGpinterachipy) GRuasedR¥nthe

bet ween the substrate surface . and magnetic.grains (CoPt). The
average size of tKONMELive®AISti*% grain in the perpendicul ar direction

was about 8 nm_ The di.spl acenepnt of the magnetic grajn,in the
per pendi cul ar directio@ﬁﬁﬁfeﬁﬂéhr%F 1% CHEheRt e Iseg at 3bt‘8£‘0rand

smal l er than the average radi us of the 1:Ce - s rain. verage
i n-pl ane spaci ng BF&R& fere recor&gdrg¥”5§ kfci, overwt ft& rgp§r§1§§

was performed at 80 kfci to measure the overwrite
characteristics. As a resulf, all of the disks
exhibited a good value exceeding 40 dB.
10 Comparative Example 1H
A Cr underlayer was formed on a glass substrate,
and a magnetic.recording layer made from a thin metal
film containing columnar CoCr crystals was formed on
this Cr underlayer. The magnetic recording layer had
15 an Hc of 2,400 Oe, and an Ms of 460 emu/cc.
Comparative Example 11
A magnetic recording layer made from CoPt/SiOj was
formed in the same manner as in ﬁxample 1D except that
no substrate bias was applied in sputtering. In this
20 magnetic recording laYer, CoPt magnetic grains were
randomly distributed along the perpendicular-directibn,
énd some fine grains contacted the Cr uﬁderlayer.
The magnetic recording layer had an Hc of 1,990 Oe, and
an Ms of 390 emu/dc.
25 _ Disks 1H and 1I were fabricated by forming
magnetic recording layers under the same conditiohs

as described above, and successively sputtering carbon



15  magnetic grains was about 3 nm In this manner, evidently a
magneti c recording layer in which CoPt fine grains were uniformy
di spersed in SiQ2 was forned. When the magnetostatic
characteristics of this magneti c recording | ayer were neasured
using a 20 vibrating sanpl e nagnet onet er4%VS_I\/9, Hc was 2,000 Qe,

and Ms was 350 enu/cc. The surface resistance of this magneti c
recordi ng | ayer was neasured by a four-probe nmet hod to obtain a
value of 1 Mer] or nore. Example 1B 25 A magnetic
recording | ayer nude fafrnCAR- i Gthimds carbon pratewdiven fhbusane manner as
I n Exanpl e 1A except that the deposition tine was set at 10 mn.
The shape of- The normalized medium noise in these disks was measyred.

magnetic grain in the obtai ned magnetic recordi né;. . layer had a U
shape al ong the p&sendieamldr, dirediowwmlized medie IRASHJES| ze of the
| ower end portion of the netic grain in the, in-plane direction

was about 8 nm %022 %hl({themfg BP of" t krelghetd® grain in the _
Irorg{ |ro|e)r(1d|( gl q5er_r] ) l a?@ﬁgf@é@éﬁ?ﬁ%?’ﬁﬁfgi t 'grl '@%ﬁaﬁ”ﬂweﬁe;&jﬂk,
and e mmonet ¢ Restdle 4 4 A84a LAl s cropaer K HE BLEREC, ,
whi ch was snaller&{gﬂ%.of Examples 1A to 1G. When the overwrite
characteristics weré measured, disk 1H exhibited almost
the same value as thdsé'in_Examples'lA to 1G, buf disk
10 1I exhibited a low value éf -25 dB. Possibly, in
disk I, the displacement of fhe magnetic grain in the
perpendiculai directién was large, the distribution in
the perpendicular direction was nonuniform, and the
magnetic interaction was locally promoted by the
15 magnetic grains in contact with the substrate.
Example 2
An example of fabricating a magnetic recoxrding
layer having a fine structure shown in FIGS. 7 to 9
will be described.
20 Example 2A
A glass disk-substrate, an Si disk substrate (both
had a diameter of 2;5 inch), a CoPt target, and an SiOgp
target were set in a magnetron sputtering apparatus.
While a substrate bias of 400 W was applied in an Ar
25 atmosphere at 0.27.Pa, binary co—sputtéring was
performed to form a 40-nm thick magnetic recording

layer on each substrate.



t he average radius of curvature (4 nm of the |lower end portion of
t he magnetic grain. The magnetic recording |ayer had an Hc of
2,000 Ce, an Ms of 400 enu/cc, and a surface resistance-of 1 Merr]
15 or nore. Exanpl e 1C A magnetic recording | ayer
made of CoPt/Ti N was formed in the s%ge manner as in Exanple 1A
except that Ti N was used as a nonmagnetic matrix. The average size
20 of the magnetic grain in the perpendicul ar direction - was
about 9 nm ‘the displacenent of the nagnetic grain was about 3 nm or
| ess, and the average RAnsgicdrion of thespagnetivemesordimng rdeyen ifomgred ns
was about 3 nm In this manner, a magnetic recording |layer in which
25 CoPt fine gnathe gdrssusubstrpfedwaserbsgrvedt wathi 8 TEM to pgtrix

was fornmed. The magnetic recording |ayer had an _Hc of 1,950
Oe _ obtain a TEM image similar tojthat in FIG. jn VTh& 345

enﬂ/cc, and a surface resistance_of abqut . sever al Eerr]. ]
Exanpl e 1D shape of fhgnEPFE pEEGPIAAGPPETER RAENST S&0R Fet &> 5
rfz ;S;nge Pnat%QQEZﬁgiigﬁggxlggeaﬁggigg%iﬁgggtgrOf the mi%gge%&%¥F%G%P

|

3.0 nm, and the ratio of the minor axis/major axis was
0.55. The average spacing between the CoPt grains in
the perpendicular direction was 1.0 nm. When the top
surface of the magnetic“recording layer was observed

10 with a TEM, a TEM image similar to that in FIG. 8 was
obtained. The shape of the CoPt grain dispersed in the
Si07 matrix was circular, the average size was 5.5 nm,
and the average spacing between the grains in the
infplane direction was 2.5 nm. Judging from these

15 observation results, the formed CoPt grain had.almost
a flat spheroidal shapé having a minor axis along the
perpéﬁdicular direction as a rotation axis.

When the magnetostatic characteristics of this

magnetic recording layer were measured, the magnetic

20 recording layer had in-plane magnetic anisotropy,
a coercive force of 160 kA/m (2 kOe), a saturation
magnetizatibn of 0.53 Wb/m2 (424 G), and a magnetic
anisotropy energy of 2.1 X 106 J/m3. When the surface
of the sample upon AC demagnetization was observed with

25 - a scanning magnetic force microscope (MFM), the average
magnétic cluster size was.65 nm, which was 10 times or

more the diameter of the CoPt grain.



Exanple 1A. As a result, a magnetic recording |ayer : havi ng al nost
the sanme fine structure as that in Exanpl e 1A was obtained. This
fact indicates that 10 formati on of the nmagnetic recording |ayer is
hardly i nfl uenced by the C underl ayer. The magnetic
recording |ayer had an Hc of 2,100 Ce, -_ an Ms of 390 enu/cc, and a
surface resistance of about sever al hundred k[err]. 15 Exanpl e
1 = A magnetic recording |ayer nmade of CoPt/Ti N was

formed on a glass disk having a 50-nmthi-ck Cr under | ayer on its
surface in the same nadféerag lmbricant wBsamppd ile@ ofis the emgnetic
magneti c recording |layer 20 havi ng al nost the sanme fine structure as
that in Exensprding \lxayea;btfam@ on the Si substgatgagf@qarding/
recording layer had an Hc of 2,000. Ce an Ms of 380 enu/ c aqg a
surface resistanc&eBrogBghion was pexpapgd FQrWFasufg the Eﬂ%ﬁﬁi@

A magnetic recordln | ayer .made of CoPt/ S err fornmed in, the
same nmanner as |n a @r}ﬁaéxééﬁﬁ fRgd; the eva uatlon condltlons used

" 42 - CoPt,
doubl ed. " Tha averﬁ tgg gggggﬁégﬁngB dpggﬁgiﬁglq gggrgqung nas

Table 1
Recordlng 'Reproduction Head
Head
Gap Length 0.28 um - 0.135 um
Track Width 5.5 um 2.7 im
Number of Turns 50 turn -
10 Table 2

Rotational Measurement Peripheral Flying
Frequency Position Speed Height
1800 rpm 21.45 mm 4.02 m/s 0.05 um

The evaluation results reveal that the noise level

upon DC erasing was almost the same as that upon
15 recording at a predetermined frequency, and that the
transition noise upon recording was nearly 0.

FIG; 19 shows the overwrite spectrum obtained when
overwrite recording was performed at 12d kfci after
recording at a track density of 30 kfci. The erase

20 ratio was 43 dB; good overwrite characteristics were

attained.



about 8 nm the displacenent of the magnetic grain in t he

per pendi cul ar direction was about 2 nmor |ess, 5 and the average

i n-pl ane spaci ng between the magnetic grai ns was about 2 nm That
I's, this magnetic recording |ayer had al nost the sanme fine
structure as that in Exanple 1A e§peQ? that the in-plane spacing
bet ween the magnetic grains was smaller. A norninagnetic 10 matrix (Si Q2)
was observed between the substrate - surface and the nagnetic grains.
The magnetic recording |ayer had an Hc of 2,000 Ce, an Ms of 430
emu/ cc, and a sur Exeeplesi2®& ance of 1 Merr] ' or nore. 15

Exanpl e 1G ' A magnetic recording |ayer made of CoPt/Ti N was
forned in the sane nmandedl@ss dislamybstratewcdn Sihaisk substxakei (hrikh

power to a CoPt target in sputtering was _ doubl ed. The fine
structure of thishislgReGiamedesdy Gfng - 2dnch) /| & EORRET Hakadt ¢ % ane as

that in Exanple 1F. Lo The magnet.ic recording | ayer, had, an Hc of
1,900 Ce. 3 SgNer tAFIENHRCE Shtd b O foTe HEET SBHREETMY
several [err][err]. _Disks 1A tao 1G were fahricated by form ng
magnetic 28 F@?@F&Fﬁﬁ'la?@ﬁésﬂﬁﬁzFaFﬁésgg c@omﬁﬁjﬁﬂﬂiegggﬁﬁgbribed

e oS, SUC e o BB U5, e 0) iierea o bt
on each substrate, a magnetic recording layer having
a structure in which CoPtCr_grains were dispersed in
an SigN4 matrix. The conditions at this time were
10  as follows. After the ultimate vacuum degree
immediately beforé the start of film formation was set
at 6.7 X 10~3 Pa, Ar was introduced to a pressuré of at
2.4 X 102 Pa. A permanent magnet was set on the lower
surface of the disk to apply almagnetic field in the
15 tangential direction of the disk in rotating the disk
abouf its axis. The acceleration voltage and the beam
current were respectively set at 700 V and 30 mA to
start depdsition.' An operation of forming a 4.5-nm
thick CoPtCr film, and forming a 4.5-nm thick SizNy
20 film after a lapse of 1d sec was repeatedly executed
to form a magnetic recording_layer having a total
 thickness of 27 nm.
When a section of the magnetic recording layer
formed on the glass disk was observéd with a TEM, the
25 shape of the CoPtCr grain dispersed in the Si3N4 matrix
.was elliptic. The average lengths of the minor and

major axes were respectively 4 nm and 5 nm, and their



- 43 - characteristics of these disks were eval uated using

a spin stand. In recording, an MG head having a gap - . length of 0.3
[errImand a track width of 4.0 [err]mwas used. I n reproduction,
an MR head having a gap length 5 of 0.14 [err]mand a track wi dth of
2.7 [err] mwas used. The flying helgh4 of _the head was 50 nm

First, signals were recorded at a recording density of 150 kfci
(flux change per inch), and reproduced to nmeasure the normalized
medi um noi se 10 (NmSo). As a result, the normalized nmedi um noi se was
as very weak as 0.XA5LQ ovas 008 . [ <Phe niee¥ad¢ e5PAS ERG | NehERERY FPEngﬁlaﬁy
of =~ t he di sks. When the nedium S/Nmrati o was neasured

was 30 to 31 dB i nidliEe merpemsliqyay finection @@Sd% nm. WbﬁndFEEs 1F

and 1G and 34 dB in dISk 1B. Probabl ) i f 't he_signa
intensity was hi gitq® 9btEase of %%?ﬂ?ﬁﬂ%y¥ﬁﬁ%% FEGheFPE grains

I d the P h 1F
and 1 RbaRd THULRR ¢ %Zeﬁféwf‘%g%s@a% %fh?n‘ﬁas}ﬁ fhe
th I nt '
rggglrjaeng F%’Vgr uVrr\lg.s e cF'néeé)t %‘e}éc %‘E@d h%l were reco?gggl gt a

recording density The vera? | se&?ﬁrﬁ% 39”%}53 qﬁiﬁgycﬁ%txﬁaf@fsgﬁéstaére

normal i zed a result

normal i zed nedi um{&lﬁcﬁg&%%? %ﬂcl”fi%ﬁ]/Jxﬂfﬂ}ﬁﬂf]i&ﬂ’fé[ﬁéélMOQ 25

in disk 1A, 0.015 [err][err]Vrns/[err]Vpp In disk 1F, and
0.02 [err]nferr]/[md ldwdrd gl f@éé@ﬁ{ \Brvdenl Sife 1¢raiks eﬁﬂ”ﬁﬂéYlndpihnéF

exhi bited a good value even at "a higt recordlng density
direction was 2.1 nm. These observation results

10 indicate that the formed CoPtCr grain had an almost
flat spheroidal shapé having a major axis along the
in-plane direction as a rotation axis.

This magnetic recording layer had in-plane
magnetic anisotropy, a coercive force of 176 kA/m

15 (2.2 kOe), a saturation magnetization of 0.56 Wb/m2
(448 G), and a magnetic anisotropy ehergy was
3.2 X 100 J/m3. The average magnetic cluster size wés
58 nm, which was 10 times or more the length of the
major axis of the CoPtCr-grain.

20 A lubricant Qas applied on the magnetic recording
layer formed on the Si substrate, and recoxrding/
reproduction was-pefformed to measure the noise level.
The noise level upon DC erasing was almost the same as
that upon recording at a predetermined frequency, and

25 the transition noise.upon recording'was nearly O.

The erase ratio obtained when overwrite recording

was performed at 120 kfci after recording at a track .



- 44 - because the density of nagnetic grains was high.

Al'so, in disk 1G the noise probably increased due to an increase
in magnetic interaction caused by the conductive matri X. 5

After the recording current was set at 30 mA, and signals were
recorded at 20 kfci, overwite recording=_ g Mas perforned at 80 kfci
to neasure the overwite characteristics. As a result, all of the
di sks exhi bited a good val ue exceeding 40 dB. 10 Conparative
Exanpl e 1H A C underl-ayer was formed on a glass substrate,
and a magnetic redengiity lofy S0 dfed Masm42 B in gradioverwrites | m
contai ni ng col umar CoCr crystals was forned on this Cr underlayer

The magnetic recoﬁ&qﬁ?QPﬁﬁ%SQ%ﬁf were attaingd of WP%RKFQiem%%HQEh Ms of
460 enu/ cc. arative Exanple 1l net

recording | ayer nﬁ??é’qr:%lﬂ acdpyes; Hpé%q]r%dlng was f%HSrFela"‘?‘% tﬁs ?reMFM'
manner as in Exanple 1D except t no substrate bi a ied
in sputtering. In& fRaT Q(S’ %p %&@‘Rﬁ ifrsS W Y G5 nﬁ%ﬁgﬁ%&

grai ns were t.ornand d| Str Il%flt Leﬂq %_ OJQV&J]%&@%CU' ar direction,

and sone fi r?e gr ai s c é‘drt e ayer he magnetic
recordi ng | ayer h%q{%lléc 2@‘ 1,990 Ce, and

A glass disk.substrate, an Si disk substrate (both
had a diameter of 2.5 inch), and Co, Fe, and Al targets
were set in a magnetfoﬁ'sputtering apparatus. Ternary

10 co-sputtering was performed in an Ar atmosphere
containing 10%-oxygen to form a 50-nm thick magnetic
recording layer on each substrate. The obtained
magnetic recording layer had a structure in which CoFe
grains were dispersed in a matrix having a composition

15 of nearly Al;03. |

- As a result of TEM observation of the magnetic
recording layer, the CoFe grain had a spheroidal shape.
The average lengths of the majer and minor axes were
respectlvely 8 nm and 3 nm, and thelr ratio was 0.38.

20 The average spacing between the gralns in the perpen-
dicular direction was 1.0 nm, and the average spacing
between the grainslin the in-plane direction was 3.0 nm.

This_magnetic recording layer.had in-plane
magnetic anisotropy, a coercive force of 180 kA/m

25 (2.3 kOe), a saturation magnetization of 0.51 Wb/m2
(405 G), and a magnetlc anisotropy energy of

1.2 X 106 J/m3. The average magnetic cluster size was



an Ms of 390 emu/cc. 25 | Di sks 1H and 11 were fabricated by

form ng magneti c recording layers under the sanme conditions

as descri bed above, and successively sputtering carbon

- 45 - to form 10-nmthick carbon protective fil ns. The
normal i zed nmedi um noi se in these di sks was_ ured. = As a result,
the normali zed nedi um noi se was 0.02 :
[err]m /[err][err]Vrns/[err]Vpp in disk 1H, and 5 - 0.02
[err]merr]/[err][err]Vrns/[err]Vpp in disk 11. The nornalized nedi um
noi se in either di¥é vy sthisdyeras hbh tiees ior umere the lepgihsoff the
Exanpl es 1A to 1G Wen the overwite characteristics were '

measured, di sk 1HRBIDbia%E Qfhodhe CoFe grai- sane val ue as those in
Exanples 1A to 1G but disk 10 1l exhjpited a ] ow val ue. of -25 dB.
Posgipbl y, in di%kh’rKD, TR T a%%ﬁ’ljeh o1 Hae n‘&@ﬂﬁ?F&chﬁFﬁrgﬁnghe
e 0 B AT I

per pendi cul ar di r et thi d roane Qunts

et o e |Gl ) S o o SRS o OE A" 001 2
fabricating a magngd %Jies%orlcg\;ve@l jugon DC | &y, ei(ﬁ@‘@ré@ f:hdOE BhEUShHE Cas

shown in FIGS. 7 to 9 escri

' that upon recording at a prgdétermined frequency, and

the transition noiSe upon recording was nearly 0.
The erase.ratio'oﬁtained when overwrite recoxrding

10 was performed at 120_kfci after recording at a track
density of 30 kfci was 42ldB; good ovérwrite charac-
teristics were attained. When the magnetic recording
layer upon recording was observed with an MFM, a sharp
bit pattern free from any transition fluctuation

15 between recording bits was confirmed.
Example 2D

A glass disk substrate, an Sildisk substrate (both

had a diameter of 2.5 inch), and crucibles respectively
containing CoPt and Si0 as an evaporation source

20 were set in an electron beam eVaporation apparatus.
Cb-evaporation was performéd to form, on each substraté,
a 30-nm thick magnéfic recording layer having a
. structure in which CoPt grains were dispérsed in an SiO
matrix. By changing the substrate temperature during

25 film formation, thé dispersed form of the CoPt grains
in the SiO matrix couid be variously changed.

A magnétic_recording layer obtained when the.



20 Exampl e 2A A gl ass disk substrate, an Si disk substrate
(both had a dianeter of 2.5 inch), a CoPt target, and an Si Q2
target were set in a nagnetron sputtering apparatus. Wiile a
substrate bias of 400 Wwas applied in an Ar 25 at nosphere at 0.27 Pa,
bi nary co-sputtering was performed tg forma 40-nmthick magnetic
recordi ng | ayer on each substrate.

- 46 - A section of the nagnetic recording'layer f or med

on the glass substrate was observed with a TEM o ohtain a TEM

i mage sinilar to suPstrate GemPerﬁ%Télre was Seé’na’ﬁe 1o Fh@xédbtlt(j’rdatﬁe

di spersed in the SIQ2 matri x was elliptic, the av agg | en th of

the minor axis wa®ost exceL@ﬂ?Fﬂﬂo%ﬁﬁjqhﬂ?%%%ﬂ?&%ﬁ GSre M

axi s was 0.55.. The _av ci betmeen t he CoPt i.ns
the per pendi cul ar T8FPeESi Gf \Eg‘s‘ qaﬁ 1\5% ayer W&sﬁrl?eac%elﬁtt he

magneti c recordlnﬁ éf% s observed 10 mnth a TEM a TEM i mage
simlar to that obt ai ned. The shape of the CoPt grain.

di spersed ig the as 3 ge Wile B oy WRSVSUI of hS UGS 220 Vs

5.5 nm and the average spacin ween e gra| ns 1nt

e 1T Gt Ty ORGP 1ol 2 spHSRSLAR oo
The average lengths of the major and minor axes were
respectively 6.5 nm and 2.0 nm, and their ratio was
0.31. The averegeZSPEding between the grains in the

10 perpendicular direction was .0.8 nm, and the average
spacing between the grains in the-in-plane direction
was 2.4 nm.

This magnetic reeording leyer had in-plane
magnetic aniSotropy; a coercive force of 141 kA/m

15 (1.8 kOe), a saturation magnetization of 0.50 Wb/m2
(398 G), aﬁd a magnetic anisotropy energy of
1.2 X 106 J/m3. The average magnetic cluster size was
71 nm, which was 10 times or more the length of the
major axis of the CoPt grain.

20 A lubricant was applied on the magnetic reeording
layer formed on the Si substrate, and recording/
reproduction was pefformed to measure the noise level.
.The'noise level upon DC erasing was almost the same as
that upon recording at a predefermined frequency, and

25 the fransition noise upon recording was nearly 0.

The erase ratlo obtalned when recordlng was

__performed at 80 kfc1 after recording at a track denSLty



a flat spheroidal shape having a mnor axis along the per pendi cul ar
direction as a rotation axis. -When the magnetostatic
characteristics of this magneti c recording | ayer were neasured, the
magnetic 20 recordi ng layer had in-plane nagnetic ani sotropy,

a coercive force of 160 kA/m (2 kQCe), a'sq;u%%tiqn magneti zati on of
0.53 W/ nferr] (424 G, and a magnetic ani sotropy energy of 2.1 X
106 J/njerr]. Wen the surface of the sanple upon AC
demagneti zati on was observed with 25 a scanni ng magnetic force,

m croscope (MFM) , ofh@0akécdgwas 38 dBragesd evelmwsiidie SharageBs tHES which
was 10 tines or nore the diameter of the CoPt grain.

- 47 - wereAptsaiaedybr fhem thes RagpEtds GPaaTEliRgAY]r upon
recording layer forned on the Si substrate, recording/ reproduction
was performed to KESSEAdnghwagsoobsera@d with an MFihe &, SRATR 1R

t he eval uati on conditiagns used 5  at this tine arﬁ)ﬁﬁomn I_.n Tanes 1
and 2. free from any transitionyfjjuctpation between recording

Recor di ng Regnoduction' ad 4 Head
Gap Length 2 1t§ vgs| &epfjrmed. 0.135 [err]m . Track Wdth

5.5 [err]m Exam%lé 3 [err]m | . Nunber of Turns 50 turn

Example 3A°
A glass disk substrate, an Si disk.substrate (both
had a diameter of 2.5 inch), a Cr taiget, a CoggPtap
10 target, and an Sibz target.were set in a multi—target
magnetron sputtering apparatus. The Cr target was
sputtered to form a 60-nm thick Cr underlayer on each
substrafe. While a substrate bias of 400 W was applied
in an Ar atmosphere at 0.27 Pa, the CogpPtyg and SiOy
15 targets were subjectedlto binary co-sputtering to form
a 13-nm thick magnetic recording layer on the Cr
underlayer.
FIG. 20 schématically shows a TEM image of a
section of the magnetic recordihg layer formed on the
20 glass disk. As shown in FIG. 20, a Cr underlayer 3 is
| formed on a glass disk 1, and grain boundaries exist
inside. A magnetichrecording layer 2 is formed on the
underlayexr 3. The magnetic recording lajer 2 has the
following fine structuie. That is, conical magnetic
25 grains 22a each directly grown on the underlayer 3 and

having an inclined surface with respect to the

substrate surface, and spheroidal magnetic grains 22b



10 Table 2 Rot at i onal

Measur enment Peri pheral Flying Frequency Posi tion Speed

Hei ght ~ 1800 rpm 21.45 mm 4.02 m's .0.05 [err]m

The eval uation results reveal that the noi se | evel ~upon DC erasi ng

was al nost the sane as that upon —FEC%@I ng at a predeterm ned

frequency, and that the tranS|t|on n e upon recordi ng was nearly
FIG 19 shows the overwrite spectrum obtai ned when

overwrite recordi ng was performed at 120 kfci after recording at a

track density of epdrated hixce adee &fhical rmaagmew\as g3 iis ZRadaveerwite
characteristics were at t ai ned.

48 . Exanpldisi®rsed in a nonmagpeisic diateisubl réewrednfspmdbiQy -
substrate (both, had a dianeter of 2.5 inch), a CoPtCr target, and
an Si3N4 target wdite the donigal grajn@putthe iakgrase sizepphrihes. The
substrate surface was ion-etched. The two targets were alternately
sputtered to formbottom Su%ﬁ?%d’fﬁ%tﬁﬁq#t’at@ T eRfib L RE r BEBF /TR ARG Br

VNG i BRI Gt R 208 L SBEL 8 e
After the U|t|nat%u%9%ﬂ#q]d§gr%%e spheroidal grain 22b, the average size
in the in-plane direction was about 9 nm, and the
average spacing from the conical.grain 22a was about
2.5 nm. The volume fraction of the CoggPtgg grains
10 with respect to the entire magnetic recording layer was
50 vols. |
When the magnetic characteristics of the magnetic
recording layer were measured, the magnetic recording
layer had in-plane magnetic anisotropy, a coercive
15 force of 160 kA/m (2 kOe), a saturation magnetization
of 0.53 Wb/m2 (424 G), and a magnetic anisotropy energy
of 2.1 X 106 g/m3. |
A ;ubricant was applied on the surface of the
magnetic recording.layér formed on the Si substrate
20 via the Cr underlayer , and recording/reproduction was
péfformed to measufe the noise level. The numerical
data and thé test conditions at this time are the same
as those in Tables 1 and 2 described above. The noise
level upon DC erasing was_almost the same as that
25 upon recording at a predetermined frequency, and the
transition noise upon recording was 0.35 mVrms.

FIG. 21 shows the overwrite spectrum obtained when



I mmedi ately before the start of filmformation was set at 6.7 X
10[err] Pa, Ar was introduced to a pressure of at 2.4 X 10-2 Pa. A
per manent magnet was set on the | ower surface of the disk to apply
a magnetic field in the 15 tangential direction of the disk in
rotating the disk about its axi s.—_‘_l'hesscc_el eration voltage and the
beam - current were respectively set at 700 V and 30 mA to

start deposition. An operation of formng a 4.5-nm t hi ck CoPt Cr
film and formng a 4.5-nmthick Si3N4 20 filmafter a |apse of 10 sec
was repeatedly exeNg@irite recoxdingrvas peikrrned rake 3@ kfci agékeraving a
t ot al t hi ckness of 27 nm . Wien a section of the
magneti c recordi ngreegiding at a teagedensite f 2% Sk waSh®bIERFRd Wi t h
a TEM the 25 shape of the CoPtCr grain djspersed in the Si3N4 matrix
was el liptic. The %afekages ¢HyidB: FOhLRAGIL thFharacterigiirs Mok wer e

respectively 4 nn1apd 5n and their

- 49 - r 5 0. 8. The average spaci ng between the grains
i n the perpendicul xrﬂn:i ree;ég on was 0.6 nm When the _ top surface of
t he magneti ¢ reco |ruJ1-a r was observed with an SEM elliptic

FIG 9. The aver he m nor maj or axes were
a target. By the same method as in Example 3A, 12

grains aligned in the A%%gqgfmg%ﬁggtéﬁaﬂﬁrﬁaﬁ@dfe{gf ot A9e 280084 Nas

kinds of magnetic recording layers were formed by
variously changing the sputtering conditions in forming
10 magnetic recording layers on glass disks and Si disks.
The shape of an island-like (conical or frustoconical)
magnetic grain could be changed by changing the type
of rare gas_and the pressure during deposition, the
substrate temperature; the substrate bias conditions,
- 15 the type and thickness of underlayer, and the liké.
The thicknesses of the formed magnetic recording layers
fell within the range of lb to 40 nm.
A section of each magnetic recordihg layer formed
on the glass disk-was observed with a TEM to obtain the
20 average value of the éngle ¢ the side surfaée of the
island-like grain makes with the substrate surface.
A recording/reproduétion test was performed for each
magnetic recording layer formed on the Si disk to
obtain the transition noise upon recording at a
25 . recording density of 150 kfci. FIG. 22 shows the
relationship between the angle ¢ defined by the side

surface of the island-like grain and the substrate



respectively 4 nmand 5 nm and their ratio was 0.8. The aver age
spaci ng between the grains in the in-plane direction was 2.1 nm
These observation results 10 ~indicate that the forned CoPtCr grain had
an al nost flat spheroidal shape having a major axis along the
i n-plane direction as a rotation axis. -_ _ This magnetic recording
| ayer had in-plane . magnetic anisotropy, a coercive force of 176
KA/m 15 (2.2 kCe), a saturation magnetization of 0.56 W/ n
(448 G, and a magnetic ani sotropy energy was 3.2 X 106 J/nferr].
The aver age magnetsurfaagst @ndsitde wamnsition mggsem which was 10 tinmes or
nore the | ength of the maj or axis of the CoPtCr grain. 20
A lubricant was appli edmFithe Ihgrdd caseqldihg 90° corregpendsotifed on
the Si substrate, and recording/ . reproduction was performed o
measur e the noi se d @pagnetic recorpiag)diayey SPAtaifdRDOCErHNHY TR nost
the sane as t hat upon recordiBg.at a predeterm ned fre%g%ncy, and
[

25 the transi @%6h 48 S@s{H&@f YeFoldi FEXHRSPARGF| {002 magne The

ol ror mocor reg iR A AR A & contind®ifs RUASRIIES A1 20

gﬁa; acteristi cge\r/]\élrrte%a?{%’ﬁgezg’c{m\egﬁsctr%és%&gr?gf%%i%\éeWél{ % is equal to
or smaller than 75° is greatly smaller than that when ¢
is 90 to 80°. Particularly, the transition noise when ¢
is 70 to 45° is about 1710 that when ¢ is 90 to 80°.

10 In this manner, eﬁidently the transition noise could
be greatly reduced in the magnetic fecording layer
containing the island-like grain in which the angle ¢
defined by its side sufface and the substrate surface
was 75° or less.

15 Example 3C

A glass disk substrate, an Si disk substrate (both
had a diameter of 2.5 inch), a Co74Pt;9Crs target, and
an Si3Ny target were set in an ion beam sputtering
apparatus. The surface of the substrate was ion-etched.

20 The ultimate vacuum degree'immediétely before the start

| of deposition was set at 6.7 X 10-5 Pa, and the Ar
pressure in deposition was set at 2.4 X 10-2 Ppa.
A permanent magnet was set on the lower surface of
the disk to apply a magnetic field in the tangential

25 direction in rotating the disk about its axis.

Under the conditions'in.which the acceleration voltage

was 700 V and the beam current was 30 mA, alternate



recordi ng | ayer upon recording was observed with an MFM a sharp
bit pattern free fromany transition fluctua- 5 tion between
recording bits was confirnmed. Exanmpl e 2C . A gl ass di sk
substrate, an Si disk substrate (both had a dianeter of 2.5 inch),
and Co, Fe, and Al targets were set iéya_rragnetron Sputtering
apparatus. Ternary 10 co-sputtering was perfornmed in an Ar atnosphere
cont ai ni ng 10% oxygen to forma 50-nmthick magnetic recordi ng

| ayer on each substrate. The obtai ned magnetic recording |ayer had
a structure in whispnthswing was pepfomedute PP Jergnetic nneePXdradi ng
a conposition 15 of nearly Allerr](err]. . As a result of
TEM observati on ofla¥Rr magHettltis time, it arpratiey oL peefesréngrain had

a spheroi dal shape. . The average | engths of the na{_ﬂgr and_m nor axgs
wer e r especIBWISF G HsiRg ThenC 186%5 1T Hat0D. 3B. Segg an

Ihe average spac g bPLYEED, Uic A% LI L0 S RETNn, apaneokEEL TS pee o
(he 1TPLanS O CCLO P Bl B 10 cer v, <P ihEndTO RS0, B,
25 0 plnte L PR SR BISld SRy oy AR ppicipabdOBe0)
magnetic cluster, g zg, was _

FIG. 23 schematically shows a TEM image of -

é section of the magﬁéfic recording layer formed on

10 the glass disk. As shown in FIG. 23, a magnetic
recoxrding layer 2 is formed on a glass disk 1, and has
a two-layered structure in which frustoconical magnetic
grains 22a are dispérsed in a nonmagnetic matrix 21
formed from Si3N4g. In the frustoconical grain 22a

15 present in each layer, the average size of the bottom
surface was 7 nm, and the average height was 6 nm.

This magnetic recording layer had in-plane
magnetic anisotropy} a coercive force of 176 kA/m
(2.2 kOe),.a saturation magnetization of 0.56 Wb/m2

- 20 (448 G), and a magnetic coercive'eﬁergy of |
3.2 X 106 g/mM3.

A lubricant waé applied on the magnetic recording
layer forﬁed on the Si substrate, and recording/
reproduction was performed to measure the noise level.

25 The noise level upon DC erasing was almost thé same as
that upén recording at a prédetermined frequency, and

the transition noise upon recording was nearly 0.



- 51 - 105 nm which was 10 tines or nore the | ength of the
maj or axis of the CoFe grain. A |l ubricant was applied on the
magneti ¢ recording | ayer fornmed on the Si substrate, and recording/
5 reproduction was perforned to neasure the noise |evel. The
noi se | evel upon DC erasing was al nost thq_sqﬁ? as t hat upon
recording at a predeterm ned frequency, and the transition noise
upon recording was nearly O. The erase rati o obtai ned when
overwite recording 10 was perforned at 120 kfci after recording at a
track densThe exfas3d detio st aineB; whgmooveevnteerefardéng was
teristics were attai ned. Wen the nﬁggptic recordiqg_ | ayer upon
recordi ng was obserexkPimet ath MMkEEsmafker recording ahteEkefkee from
any transition fluctuation 15 bet ween recording bits was confirned.
Exanpl e 2D densityy off ot kfick wahst7 A% %?fg%i OYRERT $hBsFRATE Thot h
had a dianeter of 2.5 inch), and crucibles respect.vel . cont.ai ni ng
CoPt and Si O as antee’\‘/’aﬁfolr‘:g i“EﬁF%cﬂﬁ%ln%g' %et%%tmgﬂn%ﬁl‘él EEEPHABEam
evapor ati on appar at us. Co-evapaorati gn was perfor t orm _Qn
cach substrdte . taFer upon, recdRy il e eB N O Pl et fgRre
structure in whic ' .sp ' . S .JRtri x. By
changi ng t he subsﬁ%?ﬁ%ﬁ%&?zﬁ%%efﬂ@ n%gfg%é&fﬁ%&m%%?%??gﬁgﬁt he
di spersed form of ghe (Pt ral{Sq bit 44 & f}&%@ptrix coul d be

B * &Eﬁxﬁ%gﬁéfsvv é%ﬁng

variously changed. | C recor ayer obtai ned when the
Example 3D

A glass disk substrate, an Si disk substrate

10 (both had a diameter of 2.5 inch), and Co, Fe, and Al

targets were set in a sputtering apparatus. Ternary
, co;sputtering.was performed in an Ar atmosphere

containing 10%-oxygen to form a 10-nm ﬁhick magnetic
recording layer.

15 When the fine strﬁcture of the magnetic recording
layer was examined, the magnetic recording layer had
a structure in which frustoconical CoFe grains and
spheroidal CoFe grains flat along the in-plane
direction were disperséd in an Al903 matrix. In the

20 frustoconical grain, the average size of the bottom
surface was about 11 nm, and the average height was
about 7 nm. In the spheroidal grain, the average size
in the in-plane directibn was about 7 nm. The average
spacing between the frustoconical grain aﬁd the

25 sphefoidal grain was about 1.7 nm. The volume fraction
of the magnetié grains was 55%.

This magnetic recording layer had in-plane



- 52 - substrate tenperature was set at 100[ err] C exhibited the

nost excel l ent noise characteristics. The neasurenent results of
this magnetic recording |layer will be first descri bed. 5

As a result of TEM observation of the nagnetic recording | ayer, the
‘CoPt grain had a spheroi-dal shape. -. Thyy average | engths of the major
and m nor axes were respectively 6.5 nmand 2.0 nm and their ratio
was 0.31. The average spaci ng between the grains in the 10

perpendi cular direction was .0.8 nm and the aver age spaci ng
bet ween the grai nBagRetie BRiFGHRORY + &ctgeRrcive forggod YBhHkA/m

Thi s magnetic recording | ayer had in-plane . hagnetjc_anjsotropy, a
coercive force of (248 K&eh: f5Satuq%ﬁx?qdﬂﬁqnﬁf%ﬁﬁﬁﬁ%ﬂiQ#l%BS@éW?é%?ion of

0.50 W/ n2 398 G, and a nagnetic ani sotropy energy pf 1.2
X 106 J/nB8. The a\ﬂé&’égé;)ma i% I‘tﬁi{gﬁférc SIS UFLP e“ergfglmﬁm whi ch was

10 tines or nore the,l engt hgof t Be maj or axis of the CoPt grain.
20 A IubﬁT?gnﬁxmgg ahé I éd on the nagnetic recording | ayer

fornmed on tge Si S“bS”atl‘?ibﬁ'EC%r{@q,fééjia{}%lied n thERRL IE”ré-’z‘@éJE%ing

perforned to neasure the noise Tevel. e noi se 1evel upon
erasing was al mosth ,lRe $3¥Re?S on the Si substrate, and recording/

reproduction was performed to measure the noise level.
The noise level upon DC erasing:was almost the same
‘as that upon recording ‘at a predetermined frequency,
10 and the transition noise upon recording was nearly 0.
The erase ratio obtained when overwrite recording
was pérformed at 120 kfci after recording at a track
density of 30 kfci was 38 dB; good overwrite charac-
teristics were attained. When the magnetic recording
15 layer upon recording.was observed with an MFM, a sharp
bit pattern free from any-transition fluctuation
between recording bits was confirmed.
Example 3E _
A glass disk.substréte, an Si disk substrate (both
20 had a diameter of 2.5 ihch), and crucibles respectively
containing V, CégoPtzo, and Si0O as an evaporation
source were set in an electron beam evaporation
apparatus. First, V was deposited to 100 nm at
an ultimate vacuum degree of 6 X 10-6 Pa to form an
25 underlayer. Next, Cosngéo and Si0O were co-evaporated
to form a 18-nm thick magnetic recording layer.

At this time, CoggPtg grains could be dispersed in



that upon recording at a predeterm ned frequency, and 25 t he
transition noi se upon recording was nearly 0. . The erase ratio
obt ai ned when recordi ng was performed at 80 kfci after recording at
a track density _ - 53 - of 20
kfci was 38 dB; good overwite characterl—st|c$ were attained. \Wen
the magnetic recording | ayer upon reco ginﬁ was observed with an
MFM a sharp bit pattern free fromany transition fluctuation

bet ween recording 5 bits was confirned.- Exampl e 3 Exanpl.e
3A - A pras3itlisktsiksinavarioms Sfodinskbygubbangisg( bbeh

had a dianeter of 2.5 inch), a O target, a Co80Pt20 10 target, and an
Si 2 target were s%@bstratenﬁ¢mp@n¢g@re durlngndgﬁéﬁiﬁhogputterlng

apparatus. The C target was sputtered to forma 60-nmthick Cr
under | ayer on each Of %ﬁ%s@?’é@éﬂe@\hmﬁgnﬁtéﬁb§?F8F€lBHa§a81er§00aWwas
applied in an Ar. atnosphere at_0.27 Pa, the CbﬂgPtZO and Si C%
targets were subj SRAERERAF bF §d%%95bﬁY?Er?HEa%Be@oP er the §°B§ ﬁPPhlck

o ST Ao B R GonporectSSEL TV aonsussattg e

recording |ayer fc”éggﬁfént gblse reduction characteristics, so the

results of this magnetic recording layer will be first
described.
When the fine structure of fhis.magnetic recording
10 ‘layer was examined, the magnetic recording layer had |
a structure in which frustoconical CoggPty(p grains were
dispersed in the SiO matrix. In the frustoconical
grain, the average size of the bottom surface was
about 14 nm, and the average height was about 13 nmn.
15 The volume fraction of the CoggPtag grains was 60 vols%.
This magnetic recording layer had in-plane
magnetic anisotropy, é coercive force of 141 ka/m (1.8
kOe), a saturation magnetization of 0.50 Wb/m?2 (398 G).,
and a magnetlc anlsotropy energy of 1.1 X 106 J/m3.
20 A lubricant was applled on the magnetic recording
layer formed on the Si substrate, and recording/ |
.reproduction'was peiformed to measure the_noise level.
The noise level upbn DC erasing was almost the.same as
that upon recordiﬁg at a predeterminéd frequency, and
25 the transition noise upon recording was nearly 0.
The erase ratio obtained when recording was performed

at 80 kfci after recording at a track density of



20 glass disk. As shown in FIG 20, a O underlayer 3 is

formed on a glass disk 1, and grain boundaries exi st I nside. A
magnetic recording layer 2 is forned on the’ ~under | ayer 3. The
magneti c recording layer 2 has the following fine structure. That
I's, conical magnetic 25 grai ns 22a each girectly grown on the
under |l ayer 3 and havi ng an inclined g rface with respect to the
substrate surface, and spheroidal nmagnetic grains 22b

- 54 - separated fromthe conical magnetic grains 22a are

di spersed in a nonﬂagﬁenlwaaaBBldelngdnB&etW6¢tslG@araCterlth$&lﬂ?re
conical grain 22a, the average size of the bottonlsurface was about
16 nm and the avetagenadgleWheE the paprgtdchyeregdinge layeTad®%hd t he
substrate surface . was 690. In the spheroidal grain 22b, the aver age
si ze i n t RecPRApnEnwag; Pééﬁmﬁdmﬂétg‘bw? yFPﬁn aaﬁch‘atrwe

average spacing fromthe conical grain 22a wa ¥ﬁ nm__The
vol ume fraction oPaFﬁérEb§GPF2§r8WaPH¥ thHSltWPPh BEﬁB@FHﬂ?iH%?Wﬁﬁqre
magneti c recordin When t he

nmagnet i c ch%racteg? ¥§%n8fg%ﬁ§ WﬁﬁnEPPélrmed recording | ayer were
d, th t di
i sotropy. a coorai veFoFseonpasson . hes ¥eERrtied Bl S °

agnetization reproduction characteristics of a magnetic recording

layer obtained under the conditions in which the
substrate temperaturé was 200°C were examined.
10  This magnetic recording layer had a structure in which
a continuous CoggPtyq film was formed on an underlayer.
This magnetic recording layer had a coercive force as
large as 3 kOe, but also had very strong transition
noise. Therefore, the magnetic recording layer formed
15 from the continuous magnetic film is not suitable for
a high-densitj magnetic recording medium.
Example 3F
A substrate on which a thermal_oxide film was
formed on the surface of a 2.5" Si disk, a Pt target,
20 an Smy7Cg3 target, and a BN target.were set in a
multi-target magnetron sputtering apparatus. A 50-nm
thick Pt undeflayer was formed on the substrate.by
using the Pt target. While the substrate bias was
applied, the Sm17C083 and BN tafgeté were subjected to
25 binary co-sputterihg to form a 13-nm thick magnetic
recording layer on the Pt underlayer.

When the fine structure of this magnetic recording



of 0.53 W/n2 (424 G, and a magnetic éni sotropy energy of 2.1 X

106 J/ n8B. A lubricant was applied on the surface of the
magnetic recording |layer formed on the Si substrate 20 via the Cr
under | ayer , and recordi ng/reproduction was performed to nmeasure

t he noi se | evel. The nuneri cal data ogyl the test conditions at this
time are the sane - as those in Tables 1 and 2 descri bed above. The
noi se | evel upon DC erasing was al nost the same as that 25

upon recording at a predeterm ned frequency, and the transition

noi se upon recor dikRysigas xamiard, frus °°°nl°akl%‘12q°&3lo%a%ﬂx‘§ were
overwite spectrum obtai ned when -

55 - over@ﬁﬂ%ﬁ%oﬁ*’ﬂﬁ@%%*orn@ﬂ the ghragtecopical grain,
Good overwrite chatif REAGe Bk SF the BOLTGR Turface grab g ﬁ%?er‘l‘%sdB
/SA\a%SS; ﬁgdt :;gﬂ] %?gr}%‘n A1203 ta‘rgq% "%ere D offmagnet?c recorrgl nQ leyérg
e e g e %@%%%%@%%%ﬁ%twnshé“
The shape of - an | {Angsd 'nisegx{e%% CAlcHaidd'SIARANIGA )ag vols. |
This magnetlc recording layer had a coercive force
of 3.1 kOe. Such a large coercive force was obtained
probably because the oxygen concentration decreased in
10 the magnetic metal since BN as the nqnmagnetic matrix
had high reduction properties and waé not contained in
Smj7Cog3 as a solid solution.
A Jubricant was appliedfon the magnetic recording
layer, and recording/reprodﬁction was performed to
15 measure the noise level. The noise level upon DC
erasing was aimost the same as that upon recording at
a predetermined frequency, and the transition noise
upon -recording was nearly 0. The erase ratio obtained
when overwrite recording was performed at 150 kfci
20 after recording at a track density of 50 kfci was
39 dB; good overwrite charactéristics were éttained.
When the mégnetic récording layer upon recording was
observed with an MFM, a sharp bit pattern free from any

transition fluctuation between recording bits was

25 confirmed.



magnetic grain could be changed by changing the type of rare gas
and the pressure during deposition, the substrate tenperature, the
substrate bias conditions, 15 the type and thickness of underl ayer,
and the |ike. The thicknesses of the formed magnetic recording

| ayer's fell within the range of 10 tag 40 nm A section
of each magnetic recording |layer formed ~ on the glass di sk was
observed with a TEMto obtain the 20 average val ue of the angle * the
side surface of the i sland-1i ke grain nakes with the substrate
surface. Ax=epQiedigng/ reproducti on test was performed for each
magnetic recording layer fornmed on the Si disk to obtain the
transition noi se pamplecdading at a 25 recordi ng density of 150 kfci.
FIG 22 shows the rel ati onship between the angle * defined by the
si de surface ofBimary siamputiteripaivaamerinrredusbng a glass

- 56 - surface, and the transition noise. . In FIG 22,
the case of 4 = 90@-5&kSUPSFFIISt @ COoPt targeipgddnd @n &tifizli tRFIey el 3
contai ni ng col umar grai ns, : and the case of ) = 00 corresponds to a
magnetic 3 A8 SrdBAFIOSRIET S Grtndht ¥ Eomt® dOt Ruals g film
From FIG 22, the transition noise en 4.is smal | er

, ual, to Qr
than 750 is greatW?9§ﬁ§PFeF%ﬂ%ﬁ?%ﬂéﬁlﬁﬂﬁﬁT1461 Yidtince (T5) between

the targets and the substrate in sputtering was set at
200 mm or S50 mm.
This magnetic.récérding layer was constituted by
10 CoPt grains and an Si-O matrix. The matrix had a
composition of nearly SiOj, and had a Vickers hardness
of 2 GPa in bulk. When this magnetic recording layer
was immersed in aqua regia to selectively dissolve only
CoPt, only the matrix portion was left maintaining the
15 shape of the original magnetic recording layer, and the
matrix continuously existed in the perpendicular and
" in-plane directions of the magnetic recording layer.
A composition analysis was performed for these
magnetic recording layers by using an analytical
20 transmission electron microscope (analytical TEM).
As a result, in thé:magnetic recordiné layer obtained
under the condition of TS = 50 mm, the Si content in
the central region of the CoPt grain was 10 atomic% or
less, and the O content in that region was 28 atomic$}
25 or less. In the magnetic recording layer obtained
under the condition of TS = 200 mm, the Si content in

the central region of the CoPt grain was 5 atomic% or



Is 90 to 800. Particularly, the transition noise when 4 Is 70 to
450 i s about 1/10 that when 4 is 90 to 80. 10 In this manner,
evidently the transition noise could be greatly reduced in the
magneti c recordi ng | ayer containing the island-like grain in which
the angle [err] defined by its si-de surface and the substrate
surface was 75[err] or less. 15 ~ @&aﬁple 3C A

gl ass di sk substrate, an Si disk substrate (both had a di aneter of
2.5 inch), a Co[err]Pt[err]Cr[err] target, and an Si3N4 target were

set in an ion beame&ddlf tid Nthe 0 contéppaimititat ddgisnriaselof atbmics
substrate was ion-etched. 20 The ulti mate vacuum degree i medi ately
before the start or lessof Iepabthém®rcass, sthe o 6aﬂd)@ﬁ0¢ent¢n’€a ianthehe
Ar pressure in deposition was set at 2.4 X 10-2 Pa. A

per manent nagnet veentssHl aredimn |afwerhe Bi«@enafrix were 3% hatdinik¥t orapply
a magnetic field in the tangential 25 ~direction in rotating the disk
about its axis. less. Under the conditions in which the acceleration

vol t age ~was 700 V and the beam current was 30 mA, alternate

S 57 - 5 sputterhep ke pragretie CRR¥FeRiITRiGEt PE EBESRdI ng
-layer. At this tine, an operation of performn gputtering usi ng
the Co[err]Pt[err|R3qUEHHC ZAGRRAING TAYRGR W measured, ln-plane

magnetic anisotropy was exhibited. The coercive force
Hc ahd saturation magnetization Is of the magnetic
recording layer obtainéd under the condition of ‘each TS
10 were as follows.
- TS He ' Is
50 mm =~ 160 kA/m =~ 0.5 Wb/m2
(2000 Oe) (400 G)
200 mm =~ 80 kA/m =~ 0.6 Wb/m2
(1000 Oe) (480 G) |
A sample fabricated under'fhe condition of
TS = 50 mm was selected, and the following experiment
was performed. The magnetic recording layer was
observed with a TEM, and the volume packing ratio of
15 the CoPt grains was calculated to be about 0.5 over the
entire recording layer. The average volume of the CoPt
grain was 4 X 10-24 @3, |
The average in-plane size of the CoPt grain
measured from the surface of the magnetic recording
20 | layer was 6 to-9-nm; The average magﬁetic cluster
size obtained when this sample was AC-demagnetized was

"about_loo nm. The shape magnetic anisotropy calculated -



perform ng sputtering using the Si3N4 target for 25 sec 5 after a

| apse of 10 sec was repeatedly executed to form a magnetic
recordi ng |layer having a total thickness of 20 nm

FIG 23 schematically shows a TEM inage of a section of the
magnetic recording layer formed on 10 - the glass disk. As shown in
FIG 23, a magnetic recordi ng | ayer s Tormed on a glass disk 1
and has ' a two-layered structure in which frustoconi cal nagnetic
grains 22a are dispersed in a nonmagnetic matrix 21 formed from
Si[err]N err]. |n fum forhstenragsal slippe o2 2she 1GoPt gyabseamdi bheach

| ayer, the average size of the bottom surface was 7 nm and the
aver age hei ght wasngynehization of the Wwainmmpieinatedchromnghe ayhelaad

i n- pl ane magnetic ani sotropy, a coercive force of 176 @ﬁ/m
(2.2 kOe), a sat umegnetimghatactenisbics wes By hite r3.2 28 102 (W8 ),
and a magneti c coercive energy of - 3.2 X 10[err4_J/h4err].

A | ubricant was.afpie angnetarryaignetine ranioreirrpy estimatedefrPBr ned on
the Si substrate, and recording/. reproducti on was rf;wyed to
measur e t he hoi se 3 &agnetin; torque, deasureneRte Wahoh DC asl/My was al nost

e S o o el i e 5 A S L SRR e
contact with the surface of the magnetié recording
layer to obtain about 10 Q - cm.

Example 4B ’

10 A magnetic recording layer containing magnetic
grains doped with boron was fabricated in the same
manner as in Example 4A except for the use of a CoPt
target doped with boron at 8 atomic%. The coercive
force of the obtained magnetic recording layer

15 increased to 220 kA/m. When the composition was
analyzed using an analytical TEM, the average boron
concentration in the nonmagnetic matrix was 1/50 or
less that in the magnetic grains.

Example 4C

20 A magnetic recording layer containing a non-
magnetic matrix dopgd with Ta was.fabricnted in the
same manner as in Exéﬁple 4A except for the use of
an Si-O0 target doped with Ta at 7 atomic%. The
resistivity of the obtained magnetic recording layer

25 decreased to about 102 Q-cm. This is advantageous to

- decrease the probability of damage to the element by a

leakage current from the MR head. - When the composition



- 58 - The erase rati o obtained when overwite recordi ng was

performed at 120 kfci after recording at a track density of 30 kfci
was 42 dB; good overwite charac- teristics were attained. Wen the
magneti c recording 5 | ayer upon recording was observed with the MM
a sharp . bit pattern free from any tr385|t|on fluctuation

bet ween recording bits was confirned. nmple 3D . A

gl ass di sk substrate, an Si disk substrate 10 (both had a di aneter of
2.5 inch), and Co, Fe, and Al : targets were set in a sputtering
apparatus. Ternaryas analyzé@-spthtani agalmsipelf DEMpdthe avemagst F@sphere
contai ning 10% oxygen to forma 10-nmthick nmagnetic recordi ng

| ayer. 15 colfenttravidnnénsthecnageebict graingneesc I/d@ood A§ss

| ayer was exami ned, the nmagnetic recording |ayer had a structure in
whi ch frust oconi ckhatofs fhai nenmagnetic matspker oi dal CoFe grains flat

al ong the in-plane direction were dispersed in an A1203 matrix. In
the 20 frust BEamP&al 4Brain, the average S|ze of the bottom

surface was about 11 nm and the avera e hei W%F
t he spheroi®al grain, ﬁh@aEVGF&Ser§FE€ ing 1 YeF WéWQ1WﬁQQ%%%ﬂIQ§ﬁHQ§1

was about 7 nm The average acin t ween .t he stoconical grain
and the 25 sBﬁ@rélB%Pmﬁgﬁ?ﬁlﬁa§agﬁbﬁtgﬁgg ﬁe edri g&ﬁ?”f?%gﬁlon

ﬁ;dt Ihﬁ g}agzgt 'c oy ai)rlcm@edSE)% the same manneI ag J.ngﬁggm%l AT @g&ﬂtayer

for the use of a CoPt target doped with boron at
5 atomic% and an Si-O férget doped with boron at
- 10 10 atomic%. The coercive force increased td 220 kA/m
| by doping boron into the magnetic grains. The strain
of the entire magnetic.recording layer was reduced by
doping boron into the nonmagnetic matrix. This is
advantageous to improve the durability of the magnetic
15 recording layer.
The noise level and durability of each of the
magnetid recorging layers in Examples 4A to 4D were
 examined. A lubricént was applied on the magnetic
recording layer formed on a 2.5" glass disk, and
20 recording/reproduction was performed to measure the
noise level by using a spectrum analeer.. In any of
magnetic récording layers, the noise level upon DC
erasing was almost the same as that upon signal
recording. The slidihg characteristics between the
25 head and the medium were evaluated by a contact-start-
stop (CSS) test. Any of the magnetic recording

layers could withstaﬂd.SOO,OOOItests or more though no



- 59 - magneti c ani sotropy, a coercive force of 181 kA/m

(2.3 kCe), a saturation magnetization of 0.50 Wb/ nferr] (405 G,
and a magnetic ani sotropy energy of 1.22 X 10[err] J/nmerr]. 5

A lubricant was applied on the nmagnetic recording | ayer fornmed on
the Si substrate, and recording/ : —reproaduction was perfornmed to
nmeasure the noise | evel. The noi se | eVel upon DC erasing was al nost
t he sane as that upon recording bat a predeterm ned frequency, 10
and the transition noise upon recording was nearly O. The erase
rati o obtai ned wherabesive e irlax ovali rgprmed. was performed at 120 kfci
after recording at a track density of 30 kfci was 38 dB; good
overwite charac-Example 4Feristics were attained. When the nmagnetic
recording 15 | ayer upon recordi ng was observed with an MFM a sharp
bit pattern free from dh -t5'ér%1%$-°orﬂlf¢'r]ﬁc°t%fr%ter a Cr Ba¥YREN recording
bits was confirmed. | ass dISk substrate,

an Si disk substr & £9@mRtR0 Z?rget'hé’d‘daad"r a?ﬂé?krt%ﬁg - BYPRh§ST ahy
SFRARS LAl NI R g R
apparatus. First, tarvc\glaeﬁ: %%Osffr(asq: tsopu]tQ:Oer.IgH afn an Ar atmosphere at
| 0.3 Pa to form a 60-nm thick Cr underlayer on the glass
disk. While a sﬁbstrate bias of 400 W was applied,
the CoggPtyp and SiOj fargets were'subjected to binary.
10  co-sputtering to form a 15-nm thick magnetic recording
layer on the Cr ﬁnderlaye;.
Variations in.size of CoPt grains in the
perpendicular direction were reduced by bias sputtering.
In the_centrél region of the CoPt grain, the Si content
15 was 10 atomic% or less and the O content was 35 atomic%.
The Co content in the central'region of the Si-0 matrix
was 5 atomic% ér'less. The crystal orientation of the
CoPt grains was improved by the presence of the Cr
underlayer. As a result, a large coercive force 6f
20 220 kA/m could be obtained thoﬁgh the thickness of
the magnetic recbrding layer was as small as 15 nm.
A coeféivity squarehess S* increased from 0.6 in
Example 4A to 0.8. |
| A lubricant was applied on the magnetic recording
25 layer formed on the glass disk, and recording/
reproduction was performed to measure the noise level

. by using the spectrum analyzer. The noise level upon



an ul ti mate vacuum degree of 6 X 10[err] Pa to forman 25 under | ayer.

Next, Co[err]Pt[err] and Si O were co-evapor at ed , to forma 18-nm
t hi ck magnetic recording | ayer. At this tinme, Co[err]Pt[err] grains
coul d be dispersed in - 60 -

an SiOmatrix in various fornms by changi ng tgea _ Substrate
tenperature during deposition. T t he obt ai ned magnetic

recordi ng | ayers, a magneti c recording | ayer obtained under the
condi tion 5 of a substrate tenperature of 100[err]C exhibited the
nost excelDCerirasdinge waad udiniost dites axemes iad itdsyt supoemesignal
results of this magnetic recording |ayer will be first descri bed.
Wien the fine str oecoreliofg.t hithersgreste cateiopridionpasiel to $@ydB Hheugh
exam ned, the nmagnetic recording |ayer had . _.a structure _in which
 frustoconi cal (] edit] maserd] & viey @xample 43jjigperisich inP tGe WESHRAYER. In
- the frustoconical grain, the average size of the pbotfomsurface was

about 14 nm and M36 dParege hithgh thes slidling Thagacteristigs RebyRRn
~fraction of the Co err]PtdLerrcg rains, was 60 vol %
: vead apd

magnetic recor di n§ Jipdium were r?avg‘#é'l"’ftce%rﬁ%o? r%%%f]{%sf’

Ot 1Y L ek Sagpraing, SBlon SATLL TSR0 7066 07,

10ferr] J/n{err]'tests or more though no protective film was formed.

Example 4F

A magnetic recofding layer made of CoPt grains and

.10 a TiN matrix was fabricated in the same manner as in
Example 4A except for the use of a TiN target. The
magnetic characteristics of this magnetic recording
layer were almost the same as those in Example 4A.
This magnetic recording layer was immersed in aqua

15 regia to selectively dissoive only CoPt. Only the
matrix portion was left maintaining the shape of the
original magnetic recording layer, and the matrix
continuously existed in the perpendicular and in-plane
directions of the magnetic recording layer.

20 ' The disks in Ekamples.4A and 4F were loaded into
a hard disk drive. The MR head was brought into
contact with the disk of Example 4F in a still state,
and the resistances between a plurality of portions in
the head and the spindle‘were measured and converted

25 into resistivities. 1In any of the measurements;

a value of 5 X 102 Q- cm or more was obtained.

Next, reproduction was performed with the MR head.



20 A lubricant was applied on the magnetic recording | ayer
formed on the Si substrate, and recording/ repr oducti on was
performed to nmeasure the noise |evel. The noi se | evel upon DC
erasi ng was al nost the sane as that upon recording at a
predet erm ned frequency, and 25 the tran &tion noi se upon recording
was nearly O. The erase rati o obtal ned” whén recordlng was perfornmed
at 80 kfci after recording at a track density of

- 61 20 kfci was 38 dB; good overwite characteristics were

attai ned. Wien t herherghelisch®egs drdg foyeiblporaused betweenr thagmedium
observed with the MFM a sharp bit pattern free fromany transition
fluctuati on bet wemd he heatdryli hngjddt sngaslecttfic nebarges from the For
conparison, the structure and recording/ reproducti on
characteristics oftheadwigriz ithe evagnikthic recordihgybayebi abnddsomegbinede
“conditions in which the substrate tenperature was 200[err] C were
exanmined. 10 . bmingingithe headoirioconyeet Hatitlh the sagnpetia which

a continuous Co[err]Pt[err] filmwas formed_on an_underl| ayer. Thi s
magneti c redor di n&qwl%dlaaY%ercx’%’etl?%r‘%bS%SOf ExamPl?a?ﬁe BBe3 koe,

but al so had very stro ranS|

Th f
recording | ayer f&HARE r?i%?¢ﬁpﬁﬁﬁﬁ+?ué%%tﬂ%§%g?$ggfiFﬂ?igﬁgﬁ?a :

suitable for was high. In the disk of Example 4F, the probability
of electrostatic destruction of the MR heaq was reduced
by half.
10 Example 4G
A magnetic recording layer made of CoPt grains and
an InSn0 (ITO) matrix was fabricated in the same manner
as in Example 4A except that an InSnO target was used
instead of the sioz target, and Ar + 10%-oxygen was
15 used instead of the Ar atmosphere. The magnetic
characteristics of this magnetic recording layer were
almost the same as those in Example 4A.
The obtained disk was loaded into the hard
disk drive, the head was brought into contact with the
20 disk in a still state, and the resistances between
a plurality of portions in the head and the spindle
were converted into resistivities. In any of the
measurements, a value of 10~3 Q-cm or mofe was
obtained. When a forcible discharge experiment was

25 performed, the MR head was hardly damaged.



a high-density magnetic recordi ng nedi um Exanpl e 3F A
substrate on which a thermal oxide filmwas formed on the surface
of a2.5" Si disk, a Pt target, 20 an Snferr]Cferr] target, and a BN
target were set in a mul ti-target nagnetron sputtering apparatus. A
50- nm thick Pt underlayer was formed on the substrate by

using the Pt target. While the substrate bt as’ has applied, the
Smerr]Co[err] and BN targets were subjected to 25 “binary
co-sputtering to forma 13-nmthick.nmagnetic recording |ayer on the
Pt underl ayer. Example 5 Wen the fine structure of this nagnetic
recordi ng - 62 - | ayer was
exan ned, frustocgmam@leSmherr]]Cb[err] gralns wer e di spersed in a
BN matrix. In the frustoconical grain, t he average size of the
bottom surface was aboerhawy co-sputteanichg WSlmmtﬁd watnabhduglags nm
The vol une 5 fraction of the Sn{err]Cb[er‘L ains with respect to

t he ent i r elimdgsadisd-nadeor dndy Gy &S men Siglvd}a%gets in an Ar Thjg
magneti c recording |ayer had a coercive force of 3.1 k Such a

| arge coer cBve f oB¢EOzRhesIR a-'lq{lé'tflnlng 10%st &?abﬁ%/%"d?é%‘@f’s’e 17(‘f‘1 ‘b’ﬂ/gen

concentration decreased in the ma netlg met_al S|nc

nonnmagnetic matri@ 20-nm thﬁé‘d‘ magnsEd AV a e?/va %‘b e

contained in (TS) between the targets and the substrate in

sputtering was set at 200 mm or 50 mm. This magnetic
recording layer was fofﬁed from FeCo grains and a

10 matrix having a cemposition of nearly Al;03. In the
bulk state, this matrix material had a Viekers hardness
of 12 GPa. Thislmagnetic recording layer was immersed
“in agua regia to selectively dissolve only the FeCo
grains. As a result, only the matrix portion was

15 left maintaining the shape of the original magnetic
recording layer, and the matrix continuously existed
in the perpendicﬁlar and in-plane directions of the
magnetic recording layer.

-The composition of the fine region of the magnetic

20 . recording layer was analyzed using an analytical TEM.
In each magnetic recording layer obtained under each of
the conditiens of TS and the Op partial pressure, the
Al and O contents.in the-centrai regione of the FeCo

grain were as follows.



Smferr]Co[err] as a solid sol ution. - A lubricant was applied on

t he magnetic recording | ayer, and recordi ng/reproduction was
performed to 15 measure the noise level. The noise |evel upon DC
erasing was al nost the sanme as that upon recording at a
predet erm ned frequency, and the transition noise upon recording
was nearly 0. The erase rati o obtained - Tlwhen overwite recordi ng was
performed at 150 kfci 20 after recording at a track density of 50 kfci
was 39 dB; good overwite characteristics were attained.
When the magnetic reggrdi ngd-ayer ug@n recordpng was observed with
an MFM a sharp bit pattern free from any transition fluctuation
bet ween recordi ng 80 sunas1i02% < 10oatikrnBad. at%
63 Exanpl e 4 Exanpl e 4A : Bi nary co-sputtering
was perforned usinpanghas30 % < 10desR sGfsat&t e, a CoPt target, and an
SiQ2 target in 5 an Ar atnosphere at 0.3 Pa to forma 50-nmthick
magnetic recordi n20Gyer. IBetdi st ahcet@TSHLObetdeen the targets and
the substrate in sputtering was set at 200 nmm or 50 mm
(JhﬂrmWIa.%r%ma§ c8natit utéd abp

This magnetic rec

In any of the magnetic recording layers obtained
under the respectivé conditions, the Co and Fe contents
in the central region of the Al-0 matrix were 5 atomic%’
or-less;

-5 When the magnetic characteristics of the magnetic
recording layer were measured, in-plane magnetic
anisotropy was exhibited. The coercive force Hc and
saturation magnetization Is of each of the magnetic

recording layers obtained under the respective

10 conditions of TS and the O, partial pressure were as
follows.
TS 09 Hc Is
50 mm 10 % =~ 160 kA/m =~ 1.0 Wb/m?2
50 m 30 % ~ 60 kA/m = 0.5 Wb/m?

200 mm 10 % 100 kA/m =~ 1.0 Wb/m2

2

200 mm 30 %

2

60 kA/m =~ 0.7 Wb/m2
A sample obtained under the conditions in which
TS was 50 mm and the O3 partial preésure was 10% was
selected, and the follOwing experiment was performed.
15 = The composition of the interface region between FeCo
‘and Al-0 was analyzed to find the presence of a very

thin FeCo-0 phase. This interface phase has a function



10 CoPt grains and an Si-O matrix. The matrix had a

conposition of nearly Si @2, and had a Vickers hardness of 2 GPa in
bul k. When this nagnetic recording |ayer was i mersed in aqua regia
to selectively dissolve only . CoPt, only the matrix portion was |eft
mai ntai ning the 15 shape of the original magnetic recording |ayer, and
t he matri x continuously existed i mth&2 perpendicul ar and

i n-plane directions of the magnetic recording | ayer. A
conposition analysis was performed for these magneti c recording

layers by using anpanalydhg@henty the lESHITdE S5 bEtRESH Obhd1 BEOSCEPEIn
(anal ytical TEM. aresult, in the magnetic recording | ayer

obt ai ned e rtidearandid t0ix of dénerdidinot henis tovéefacen

the central region of the CoPt grain was 10 at om c% or | ess, and
the 0 content in tplsdse eis cdwast Zfeai®ntc%nPdnce the te@sghness ofiethe
magnetic recording | ayer obtained - ~under the condition of TS = 200
mm the Si contentmagnetic recotrdimgntayer rand cimpfotéctigpRlugrbihitis 5
atom c% or . - 64 - .l ess,
and the 0 cdntent in thBee rmageatinsrecording cleyer was opseregd Vithit her

case, the Co and Pt contents in the - _central region of the Si-O .
matrix were 5 at ord cBE¥y and the yekume parking of thgFpGhIR3Ret V@S

characteristics of these ' .
calculated to be about 0.65 over the entire recording

layer. The average volume of the FeCo grain was
4 X 10-24 m3. From the surféce observation of the

10 magnetic recording layer, the average in-plane size of
the grain was 7 to 8 nm. The average magnetic cluster
size obtained when this sample was AC-demagnetized was
about 120.nm. Thé grain had a spheroidal shape, and |
the ratio of the major axis/minor axis was 2 to 5.

15 The shape magnetic anisotropy was 5.4 to 8.2 X 105 J/m3.
The magnetocrystalline anisotropy estimated from
a magnetic torque measurement was 106 J/m3. |
The resistivity was measured by bringing a probe into
contact.with the surface of the magnetic recording

20 | layer to obtain about 10 Q- cm.
Example 5B |

A 20-nm thick magnetic recording laye: was formed

in the same manner as in Example 5A except that a cr
target was used in addition to the three kinds of

25 targets in Example 5A. This magnetic recording layer
was constituted by FeCon grains and an Al-O matrix

having a composition of nearly A1203. "The coercive. .



magneti c recording | ayers were neasured, in-plane magneti c

ani sotropy was exhibited. The coercive force Hc and saturation
-magneti zation |Is of the nagnetic recordi ng | ayer obtained under the
condition of each TS 10 were as follows. TS Hc

I's 50 mMm 160 KA/'m 0.5 W/ (2000 Ce)

(400 G 200 mm [err] 80 KA/m ; 0. 6 3w/ (1000
Qe) (480 G A sanpl e fabricated under the condition of

TS = 50 nm was sel ected, and the foll ow ng experinent : was
perfornmed. The nmaghetde HEGof dilg Myt WaSrecording dbsper eilneréasadTEM
and the volune packing ratio of 15 - the CoPt grains was calculated to
be about 0.5 over tdieabout 180 éiifme rEuorabmppsdyiyn dhetbheeingerfarane of
the CoPt . grain was 4 X 10[err] nmerr]. The average

i n-pl ane size of tiegiCuPtbepwgen FeCo andadskr@dwds analigzedrtacéind Fgé
magnetic recording 20 | ayer was 6 to 9 nm The average magnetic

cl uster sipresanes el anery Hikin figle- aphase R ghetr ZBE268s

about 100 nm The_ shape magnetic ani sotropy cal cul at ed. : )
- 65 - 5  frOmwshdnirriare sharesohavr odpingiien ehgstrengthening

the connection between the FeCo grdain and the A1-0
matrix. Generation of these interface phases is
advantageous to enhance the toughness of the magnetic
recording layer and improve the durability.

10 Example 5C

A magnetic_récording 1ayef was formed by

quaternary co-sputtering in the same manner as
in Example 5B except-that a magnetic field having
an average strength of 40 kA/m was applied from a

15 permanent magnet to a substrate in the perpendicular
direction. The maﬁor axis of a grain in the obtained
magnetic recording layer directed in a direction
substantially perpendicular to the film surface, and
a perpendicularly magnetized film was obtained.

20 _The following experiment was performed for the
magnetic recording layers in Examples 5A to 5C.
A lubricant Qas appiied on the magnetic recording layer
formed on the glass disk, andlrecording/reproduction
was performed to meaéure the_noise_level by using a

25 spectrum analyzer. As a_feé:it, in any of fhe magnetic
recording layers, the noise level upon DC erasing was

~almost the same as that upon signal recording.



magneti zation of the grain estimated fromthe whole magneti c
characteristics was 2.1 to 3.2 X 10[err] J/nferr]. The

magnet ocrystal l i ne ani sotropy estimated from 5 a magnetic torque
measurenent was 2 X 10[err] J/nmferr]. The resistivity was neasured
by bringing a probe into contact with the surface of the nmagnetic
recordi ng | ayer to obtain about 10ﬂ}%§][@rr]cm Exanpl e 4B
10 A magnetic recording | ayer containing magnetic : grains
doped with boron was fabricated in the sane manner as in Exanple 4A

except for the useydn aHeOR1liding chdrdgririapiemss Wdtwden orhat h&adt andlc%
The coercive force of the obtained magnetic recording | ayer 15

increased to 220 kANenmeddhen Wdiee earglasittddbyas CSS test anmhyzefl téng an
anal ytical TEM ‘the average boron concentration in the nonmagnetic
matrix was 1/50 omagnetic desssrdivgy layeree amgiktwithgtand. 500,000 tests
Exanpl e 4C 20 A magnetic recording la contai ning a non-
magnetic matrix dopedorie thtagmnd gndteatEys r’glltlma was forme@dme manner as
in Exanpl e 4A except for the use of an Si-Otarget doped with Ta at
7 atonic% TPhe Bvean sWhGW tBt of St hdVbbt it therabHer | €SFBCcBFEMNGSI Gyer
25 decreased to about. 10-2 [err], cm This js advanta

eou
decrease the probastaniploconstddatting e MAERIHKC Hrain, 7, $+Ea%ag%nd

current fromthe I\t/:%ehel%.qce Vv\zheerne tuhseedc Pl In%a{toeq:lal forming a nonmagnetic

matrix, Ta, W, Hf, V, In, Si, B, and the like were
used as an additive éléhent.to the magnetic grain, and
10 nitrogen gas and an organic gas were used as a reactive
gas, the same results as those in Examples 5A to 5C
wéré obtained.
Example 6
Example 6A
.15 A glass disk substrate, a CoZrNb target, and
a mosaic target made of SmCo and carbon were set in
a sputtering apparatus. The CoZrNb target was first
sputtered in an Ar atmqsphere to form an underlayer
on the substréte._ Then, the SmCo-carbon mosaic target
20 Was.sputtered to form a 50-nm thick magnetic recording
layer. At this time, the distance (TS) between the
targets and the substrate was set at 200 mm or 50 mm.
Thereafter, the magnetic recording layer was annealed
at 400°C for 2 hoursi
25 The obtained.magnétfé recording layer was
constituted by SmCo grains and a carbon matrix.

'As a result of .a structural analysis, the matrix was



- 66 - was analyzed with an analytical TEM the average Ta
concentration in the magnetic grains was 1/10 or | ess that in the
nonmagnetic matri Xx. Exanple 4D 5 A magnetic recording | ayer
havi ng magnetic grains and a nonmagnetic matrix both doped with
boron was fabricated in the sane manner_as in Exanpl e 4A except

for the use of a CoPt target doped with boT on’ &t ~ 5 atom c% and an
Si-O target doped with boron at 10 10 atomc% The coercive force

i ncreased to 220 kA/m - by dopi ng boron into the magnetic grains. The
strain of tfwurehticd bdraditgidnd+Elles dhapdry erwhes tkhdumagnbyic
dopi ng boron into the nonnmagnetic matrix. This is advant ageous to

i nprove the durabitedordiing Heymgnes cimdérsed riatcanli agid ayer selectively
The noise | evel and durability of each of the magnetic recordi ng

| ayers in Exanpl edlisgsalyeiondy ehe SmCo egrained. only ubke caatrivsaagpl i ed
on the magnetic recording |ayer formed on a 2.5" glass disk, and_ 20
recor di ng/ r epr odudtndar W @aoinne t(werrakefe nabntaining phesshppgePipy
using a spectrum anal yzer. In any of magnetic recording |ayers, the
noi se | evel Supon (e original magnptds xEREKILIAGLarsR, andhbheuB8arikgnal
recording. The sliding characteristics between the 5 heaq and ihe
medi um wer e eval uS¥HPPRTIshiekstadin the PerP%Hé%FT%EEDaF stR-RA§EBf

the magnetic reco%ﬁ&%&tions of the magnetic'recording layer.
The composition of the fine region of the magnetic
recoxrding layer was analyzed using an analytical TEM.

10 In the magnetic recording layer obtained under the
condition of TS = 50 mm, the carbon content in the
central region of the SmCo grain was iO atomic%.

In the magnetic reéording layer obtained under the
condition of TS = 200 mm, the carbon contént in the

15 central region of the SmCo grain was 42 atomic%.

In this manner, the results in which the relationship
between Ts and the content of the matrix constituent
element in the central fégion of the'magnetic grain was
reverse to those in Examples 4 and 5 were obtained.

20 This can probably be attributed to diffusion of each
element upon annealing. In either magnetic recording
layer obtained under either conditioﬁ, the Sm and Co
‘contents in the central region of the carbon matrix
were 10 atomic% or less.

25 When the méﬁhéfié éhéfacteristics_of these
magnetic recording layers were measured, perpendicular

. magnetic anisotropy was exhibited. The coexcive. force



| ayers coul d withstand 500,000 tests or nore t hough no

- 67 - ..».. protective filmwas forned.® Exanpl e 4E.

A 2.5" glass disk substrate, a C target, a Co[err]Pt[err] target,
and an SiJerr] target were set in 5 a nmulti-target magnetron
sputtering apparatus. The Cr target was first sputtered in an Ar
at nosphere at 0.3 Pa to forma 60-mmthick O under| ayer .on the

gl ass disk. While a substrate bias of 400 Wwas applied,

the Co[err]Pt[err] and SiJerr] targets were subjected to binary 10
co-sputtering to fuy ramd Eatupdtick negeet i£atomors ngf the maghayge on the
Cr under | ayer. . Variations in size of CoPt grains in the

per pendi cul ar di r esddardiney el ayesiticant dindy asndsatttles iogpndition of| @acheTS
central region of the CoPt grain, the Si content 15:- was 10 atom c% or

| ess and the 0 comwesre asastgElaw=oim c% The Co content in the
central region of the Si-O matrix was 5 atomc%or |ess. The
crystal orientation B% the Hc  CoPt graffs was i nproved by the presence
of the Cr underl ayer. As a result, a |large coercive force of 20
220 kA/ m coul d be Jtft @hed tHRUJRAMe £h0cln¥odmst t he magnetic

recording layer was as snmall_as 15 nm Azcoercivity squar eness S*
i ncreased from 0. @qthmm =~ 220 kA/m = 0.5 Wb/m

A sample obtained under the condition of

.5 TS = 200 mm was selected, and the following experiment
was perfbrmed. The maénetic’recording layer was
observed with a TEM, and the volume packing ratio of
the SmCo grains was calculated to obtain about 0.5 over
the entire magnetic recording layer. The average

10 - volume of the grain was 4 X lb“25 m3. The average
in-plane size of the grain obtained from the surface
observation of the magnetic recording layer was 3 to
4 nm. The average magnetic cluster size obtained when
this sample was AC-demagnetized was about 50 nm.

15 The grain had a spheroidal shape, and the ratio of
the major axis/minor axis was 2 to 5. The shape
magnetic anisotropy was 1.7 to 2.6 X 105 J/m3.
The magnetocrystalline anisotropy estimated from
a ﬁagnetic_torque measurement was 8 X 106 J/m3.

20 Example 6B

A 70-nm thick magnetic recording layer was formed

in the same manner as in Example 6A except that an MnBi
target was used instead of the SmCo target. This

magnetic recording layer was constituted by MnBi grains



Exanpl e 4A to 0. 8. : A lubricant was applied on the nmagnetic
recording 25 | ayer fornmed on the glass disk, and recording/
reproduction was perforned to neasure the noise |evel by using the
spectrum anal yzer. The noi se | evel 'upon

- 68 - DC erasi ng was al nost the_sane as that upon 5|gnal
recordlng The erase ratio increased to 50-dB’{hough it was 40 dB
. in-exanple 4A in which no Cr underl ayer was formed. Wen the

- sliding characteristics between 5 t he head and the nedi um were

. evaluated by a CSSiA®S4 .carbon mat&fi&PONEA4 Cal££OLTENGs! aY8traethdal
- w thstand 500, 000 tests or nore though no protective filmwas

f or med. | Exai@lys #8, the matrix wds MBGed i €o s oddafentiayekenade of
CoPt grains and 10 a TiN matrix was fabricated in the same nmanner as

I n . Exanpl ecadbexcept for the use of a TiN target. The

magneti c characteristics of this nmagnetic recording | ayer were

al nost the sane as thoséhem Ehanmpagnd#ic charactdhistirmmgnefi thiscmadnegic
| ayer was inmersed in aqua 15 regia to selectively dissolve only CoPt.
Only the 5 metedorgiong i avewnswexs tmeas wred ni perpend stnaparohaghetic
original magnetic recording layer, and the matrix . continuously
existed in the perdieRtinEy wasl ¢¥hibpigrd, the coercive force Hc was

about 160 kA/m, and the saturation magnetization Is
was about 1 Wb/mZ2. The magnetic recording layer was
observed with a TEM,'aﬂd the volume packing ratio
10 of the MnBi grains was calculated to uniformly
obtain about 0.65 over the entire recording layer.
The average volume of the grain was 4 X 10'_24 m3.
The noise level and durability of each of the
magnetic recording layers in Examples 6A and 6B were
is examined. A lubricant was applied on the magnetic
recording layer formed on a 2.5" glass disk, and
recording/reproduction was performed to measﬁre the
noise level by using a spectrum analyzer. In either
of the ﬁagnetic’reéording layers, the noise level upon
20 DC erasing was almost the same as that upon signal
recording. ' When a CSS test was run, either of the
magnetic recording layers could withstand 500,000 tests
- or more though no protective film was formed.
Example 7
25 Example 7A
A glass_disk sﬁbstrate, and CoPt, CrTé, and Si

.targets were set in a sputtering apparatus.



directions of the magnetic recording |layer. 20 The disks in _
Exanpl es 4A and 4F were | oaded into a hard disk drive. The MR head
was brought into ~contact with the disk of Exanple 4F in a stil

stat e, and the resistances between a plurality of portions in

the head and the spindl e were neasured and co_pgerted 25 into
resistivities. 1In any of the neasurenents, - a value of 5 X 10[err]
[err] cmor nore was obtained. Next, reproduction was perforned
with the MR head. ' - 69 -

Then, di scharge waBedmary (i iased seok-det teeni b ewaedpenformed inasd fle head
by injecting electric charges fromthe head into the magnetic
recordi ng | ayer, arinespletrerssontaining bifhehigrogenhtadfommoacwagaetidith
t he magnetic 5 recording layer.” In the disk of Exanple 4A, the
probability of el ecaqarding claier rertths sbsheatR. heAll this timgasthpgh.
In the disk of Exanple 4F, the probability . of electrostatic
destruction of thedgtanag (BS) rketwesn the targgtsappd the subsgxghg) wagc
A magnetic recording |ayer made of CoPt grains and an I nSnO (I TO
matri x was fabri caﬁegﬂ a4t 40 ™ Rnderth as in Exanple 4A except

agggoiggLRSag;target Vw%hgsggtained maéﬂgéfgdrgéoi Engl ayg%r%%%,-and Ar+

constituted by CoPtCrTa grains and an Si-N matrix.
When the magnetic recording layer was immersed in aqua
regia to selectively'dissolve only CoPtCrTa, only the
10 matrix portion was left maintaining the shape of the
original nagnetic recording layer, and the matrix
continuously existed in the perpendicular and in-plane
directions of the magnetic recording layer.
The composition of the fine region of the magnetic
15 recording layer was analyzed using an analytical TEM.
In the magnetic recoxrding layer obtained under the
condition of TS = 50 mm, the Si content in the central
region of the CoPtCrTa grain was 10'atonio% or less,
and the N content in that region'was 30 atomic%.
20 In the magnetic recording layer obtained under the
condition of TS = 200 mm, the Si content in the central
region of fhe CoPtCrTa grain was 5 aﬁomic%, and -the N
content in that region was 10 atomic%. In either
magnetic -recording layer, the Co and Pt contents in the
25 - central region of the Si-N matrix were 5 atomic% oxr
less.

~ When the magnetic characteristics of. these.



15 used instead of the Ar atnosphere. The magnetic

characteristics of this magnetic recording | ayer were al nost the
same as those in Exanpl e 4A , The obt ai ned di sk was | oaded into
t he hard di sk drive, the head was brought into contact with the 20
disk in a still state, and the resistances b65 en a plurality of-
portions in the head and the spindle - re converted into
resistivities. In any of the nmeasurenents, a value of 10[err]
[err]cm or nore was obt ai ned. When a forcible discharge experinent
was 25 per f omaghetire Mtdedingatapersdl yedanmgesdured, in-plane

- 70 - Exanple 5 Exanpl e 5A Ter nary
co-sputtering was Magnetierutseropyl vas exhibited; skThabsepxcdveafares,
Fe, and Al- targets in an Ar 5 atnosphere containing 10% or 30% oxygen
to form a Ho-and tntucabiprimeonetbzatrhon| 25epf the wpgnghde

(TS) between the targets, and the substrate in sputtering _was set at
200 mm or 50 nm TR©CTHEiiaYer obtaipedppdey Fhgeronditisprned £RGH E8Co
“grains and 10 mat ri x ving a conposition of nearly Al[err](err].

I'n the 3 knﬂW?Eﬁeﬂ%zfgih%W%atrix material had a Vickers hardness

of 12 GPa. This nagnﬁéic recorq&pg | ayer maisinnersed

50 mm =~ 200 kA/m =~ 0.8 Wb/m?2
200 mm =~ 80 kA/m =~ 0.8 Wb/m?2
A sample obtainéd under the condition of
TS = 50 mm was subjectéd to the foliowing ekperiment.
The composition of the interface region between
CoPtCxrTa and Si-N was analyzed to find the presence of

10 a very thin Cr phase. This Cr phase has a function of
strengthening the connection between'the CoPtCxrTa grain
and the Si-N matrix. Generation of this interface
phase is advantégeous to enhance the foughness of the
magnetic fecording layer and improve the durability.

15 In addition, the Cr_interfade phase has a function of
modulating compositibn in the grdin, and improving the
magnetic characteristics, and particularly the coercive
force.

The magnetic recording 1ayér-was observed with

20 a TEM, and the volume packing ratio of the CoPtCrTa
grains was calculated to uniformly obtain about 0.5
over the entire magnetic recording layer. The average
volume of the grain was 10-24 m3., The average in-plane

size of the grain obtained from the surface observétion



In aqua regia to selectively dissolve only the FeCo grains. As a
result, only the matrix portion was 15 | eft maintaining the shape of
the original magnetic recording |ayer, and the matrix continuously
exi sted in the perpendicular and in-plane directions of the
magneti c recording | ayer. The cgﬁposition of the fine region
of the magnetic 20 recordi ng | ayer was al yzed using an anal yti cal
TEM I n each nagnetic recording | ayer obtained under each of
the conditions of TS and the (Jerr] partial pressure, the Al and O
contents in the ceft thle magnetdcoirddvadieldo layer wasgriaito viermmas fol | ows.

71 TS Jerr] Al 0 50 mm 10 % < 10
at% 32 at%. The averagie daghetdcl@latsterS5@imedobtained 28mm 10 % <
5 at% 10 at% 200 mMm 30 % < 5 at% 45 at% In any of
the magnetic recottisgshapdes walst ACreemagnetizednde@s tdutesiiittive :
conditions, the Co and Fe contents -in the central region of the
Al -O matrix were Fhet gmady had a spheradigled shape, and thenyatihefmagnetic
characteristics of the magnetic - recording Iayer wer e neasured,
“in- plane naénetlcthe major axis/minor axis was 2 to 5. The shape
magnetic anisotropy was 3.4 to 5.1 X 105 J/m3. The
magnetocrystalline anisotropy estimated from a magnetic
torque measurement was 2 X 105.J/m3.

The magnetic_reéofaing medium was loaded into

10 a hard disk drive, the head was brought into contact
with the medium in a still state, and the resistances
between a plurality of portions in the head and the
spindle were measured and. converted into resistivities.
In any of the measurements, a value of about 10 Q - cm

15 or more was obtained. The coercive force of this
magnetic recording layer was 200 kA/m. With the use
of a recording'head_having a pole saturation magnetic
flux density Bs of 0.4 T, the SNR was small, and high-
density recording could not be performed. With the use

20 of a recording héad-having Bs of 1 T, the noise reduced,
and the SNR increased by 8 dsB.

When the sectional structure of this magnetic
recording layer was observed using a TEM, many voids
having a radius of about 2 nm and a depth of about 3 nm

25 were found in the surface. These voids have a size

large enough to allow entrance of a lubricant molecule

having a diameter of several A and a length of



ani sotropy was exhi bited. The coercive force Hc and saturation

magneti zation |Is of each of the magnetic . ~recording |ayers obtained
under the respective 10 conditions of TS and the Jerr] partial
pressure were as fol |l ows. TS gerr] Hc

I's 50 mm 10 % 160 kA/m - [err] 10V\b/mZ 50 nm 30
% 60 kA/ m 0.5 W/ n2 200 MM~ 1F% ~ 100 kA/ m 1.0 W/ n2

200 mMmm 30 % 60 KA/m [err] 0.7 W/ nferr] A sanmpl e

obt ai ned under the conditions in which TS was 50 nmand the Jerr]
partial pressure vasve¥b was. Furthesgledarhemnduilier fof | badggr expedsment
was perforned. 15 The conposition of the interface region between FeCo

and Al -O was anal yzed e foxrmed hin priesencefafe oW erthe recordingi hafeco- O
phase. This interface phase has a function

72 of st resmpEmniHe thrgnehie Y oim Fndwdie thenregeegiaipatrix
and the Al-O matrix. Generation of this interface phase is
advant ageous to efRaROUthen cﬁPgﬁ*ifr%'%%“*oﬂ“%Wrs in vangging cPeERERdi ng
| ayer and inprove the durability. The magnetic recording |ayer
was observed witha lub rlcaélﬁ'mplérﬁ?ﬁ% Vi&Rre packing of the FeCo grains
was calculated to he ab 65 over éfe entire, éeCf E g

On the ot hand, hardly any voids lIike the one

described above were found in the surface of a magnetic
recording layer formed from a CoPtCrTa thin film which
was fabricated for cdmﬁarisbn. Since a thin metal
10 film uniformly wears in the perpendicular direction in
vanishing, voids for allowing the lubricant to enter
cannot be formed. |
A lubricant was applied on each of £hese magnetic
recording layers, aﬁd the durability was examined by
15 ‘'scanning the head in a contact state. As a result,
the magnetic recording layer of EXample 7A exhibited
durability superior to that of the CoPtCxrTa film.
This is because the adhesion properties of the
lubricant are improved in the magnetic recording layer
20 of Example 7A.
Example 7B
A magnetic recording layer formed from CoPtCrTa
grains and an.Si-O-Si-N matrix was fabricafed in the
same manner as in Example 7A except that quarternary
25 biased co-sputtering was performed in an Ar atmosphere
containing 10%-nitrogen by using CoPt, CxTa, Si-O,

and Si targets in order to improve the magnetic



| ayer. The average volune of the FeCo grain was 4 X 10[err]
nferr]. Fromthe surface observation of the 10 magneti c recordi ng

| ayer, the average in-plane size of the grain was 7 to 8 nm The
aver age magnetic cluster si ze obtai ned when this sanple was

AC- demagneti zed was about 120 nm.. The grain had a spheroidal shape,
and : the ratio of the major axis/mmnoBZaxis was 2 to 5. 15 The
shape magnetic anisotropy was 5.4 to 8.2 X 10[err] J/nferr]. - The
magnet ocrystal l i ne ani sotropy estimted from a magnetic torque

neasurenment was 1Q@GadatBeristics ofh@heeHaynediley reroiEasyralydy. bri ngi ng
a probe into contact with the surface of the magnetic recording 20

| ayer to obtain about ¥Hhdrerhd @fdgne®Bic charactewimticSE this magnetic
20-nm t hi ck magnetic recording | ayer was forned in the sane manner
as in Exanpl e 5A excepdinkall ayer were meashaeght iwng lsged nagreftic¢ion to
the three kinds of 25 targets in Exanple 5A. This nagnetic recording
| ayer was andssitirioplye talsy ekbh@bartegh aithe averoival -orge i was
havi ng a conposition of nearly Al[err](Jerr]. The coercive, .

- 73 - 5 f ehoatH228f kdHe . magdetthe satovrditi®n Mpgnetigaiaiery Is

to about 180 kA/m The conposition of the interface regj on.bet ween
FeCo and AI-C)mas“@ﬁaWy?e Agzpin@h@wethe composition of the fine region

of the magnetic recording layer was analyzed using an
analytical TEM, the Si content was 3 atomic% or less,
but the N.content was f5-atomic%, and the O content was
10 25 atomic%, all in the éentral region of the CoPtCrTa
grain. The Co and Pt contents in the central regions
of the Si-0-Si-N matrix were 1 atomic% or less.
Example 8
In forming a maghetic recording layer similar to
15.' that in Example 4A, the ratio of input powers to CoPt
and S5iOj targets was changed by three kinds of methods
as shown in FIG. 24.. Mefhod A periodically changes the
input power ratio in a sinusoidal shape. Method B
gradually increases the ratio of the input power to
20 CoPt with respect to the input power to SiO. Method C
gradually decreases the rétio of the input power to the
. CoPt with fespect.to the input power to SiOj. |
When a magnetic.recofding'layer obtained by each
method was immefsed_in aqua regia to selectively
25 ‘dissolve only CoPt, only the matrix portion was left
maintaining the shape of the original magnetic

 recording layer, and the matrix continuously existed in



presence of a very thin FeCo-O phase and a C phase. 5 These

I nterface phases have a function of strengthening .the connection
bet ween the FeCo grain and the A -0O matri x. Generation of these

i nterface phases is advant ageous to enhance the toughness of the
magneti c recordi ng |l ayer and i nprove 4£e durability. 10

Exanpl e 5C : A magnetic: recording yer was formed by

guat ernary co-sputtering in the sane manner as i.n Exanpl e 5B except
that a nmagnetic field having an average strength of 40 kA/ m was
applied froma 1%he pgrpermlienilamgnei im-plandsdimetions hefpeheendi cul ar
direction. The major axis of a grain in the obtained magneti c
recordi ng | ayer dimagrteddid wrexralidiew ilmyer. substantial ly perpendi cul ar
to the filmsurface, and a perpendicularly magnetized film was

obt ai ned. 20 Nredbionwhthe pragrehic weecpedingmbadyesr obkained
magnetic recording |layers in Exanples 5A to 5C A lubricant was
appl i ed on the nadietsach asdhndgasmprhserved withyaeREMAte H@XglaBe di sk,
and recordi ng/ reprqduction . was perfornmed to neasure the noise |evel
by using a %5 changas dit ARAKNG ratdo £ ddhif 197348 of€he nagneti c

[eoording | avers: (s ol et 2vel, SPALEE SIS MuiBon, che cRAIBEL 11°
teristics such as the adhesion properties of the
magnetic recording layer were examined;

In a magnetic récérding layer obtained by.the

 10 method of changing the input power ratio, like ﬁethod A,
peeling hardly occurred in a peeling test using an
adhesive tape. 1In a magnetic récording layer obtained

by setting the input power ratio constant, peeling
easily occurred. These results indicate that the

15 internal stress of the magnetic recording layer is
relaxed by method A.

In a magnetic recording layer obtained by a method
of changing the input power ratio, like method,B, the
packing ratio of the CoPt.grains increased toward the

20 surface side of the magnefic recording layer. In this
magnetic recording layer, no peeling occurred in

-a'peeling test using an adhesive tape.

In a magnetic recdrding layer obtained by a method
of changing the input power ratio, like method C, the

25 packing ratio of the CoPt grains decreased tdward the

surface side of the magnetic recording'layer. When the

resistivity was measured by bringing a probe into



- 74 - When the sliding characteristics between the head and

the nmedi um were evaluated by a CSS test, any of the magneti c

recording |layers could w thstand 500,000 tests or nore though no

protective filmwas forned. 5 : Even when Pt, Sm N, and the |ike

were used as a material constitutisg a_magnetic grain, Zr, Ti, B,

and - the like were used as a materi afl f%?niﬁg a nonmagneti c

matrix, Ta, W H, V, In, Si, B, and the like were used as an

additive element to the magnetic grain, and 10  nitrogen gas and an

organi c gas were usefit&st awiticth¥esurface ofaghethegaefitcr eegbiraliag t hose

I n Exanples 5A to 5C wer e obt ai ned. Exanpl e 6 :

Exanpl e 6A 15 layer A it asas dabtutsuB8t rthe, raspEiXbtyapfetheamdgnetic

a nosaic target nmade of SnCo and carbon were set in a sputtering

apparatus. The CozZregrxdingtlaperfoptained by septingrthei AnpntApower

at nrosphere to form an underl ayer on the substrate. Then, the

SnCo- car bon nopsai cFakgegongant. was sputtered to forma 50-nmthick

. magnetic recording | ayer. At this time, the distance (TS) between

the - Yargets andThpe2dipsieatrBraperEiespiothenfirgnesdcnrecording
Thereafter, the netic recordi ng | ayer was_anneal ed at 400kerr]C

for 2 hours. 25 L&yer werme inpryed ¥ RREEPENIRe cFATRESPa§BREFEEING

constitut ed by SToe. 4Ll N AN S SR BRNGHBLIE Xsecording fy8r' SRUL' gRhed
disk. For example, even in the magnetic recording
layer obtained by sefting the input ﬁower ratio

10 constant, the peeling ratio in the peeling test
decreased, and the coercive force increased from
160 kA/m to 20b kA/m. These effects are attained
because the surface roughness of the substrate changes
upon irradiating Ar ions on the glass disk in sputter

15 etching, and free_oxygen on the surface.of the
substrate.disappears. The same effects can be obtained
by a surface modification method such as neutron
irradiation or ion plating, in addition to sputter.
efching.

20 The noise level and durability of each of the
magnetic recording layers formed by the three kinds of
methods were examined. A lﬁbricant was applied on the
maénetic recordihg layer formed_oh a 2.5" glass disk,
and récording/reproduction was performed to.measure

25 the noise level by using the spectrum analyzer. Aé a
result, in any of the magnetic recording layers, the

noise level upon DC erasing was almost the same as that



75 found to be dianond-1i ke carbon. When the magnetic

recording layer was inmmersed in an acid to selectively di ssol ve
only the SnCo grains, only the matri x and : under| ayer portions were
| eft maintaining the shape of 5 the original magnetic recording

| ayer, and-the matrix continuously existed in the perpendi cul ar and
I n- pl ane directions of the magnetic r&tording | ayer.

The conposition of .the fine region of the magnetic recordi ng | ayer
was anal yzed using an analytical TEM 10 In the magnetic recording

| ayer obtai ned undgon lsd.gnal recomtidigd orWhen Tihe $Didimgt¢learacbon
content in the central region of the SnCo grain was 10 atomnmi c%

In the magnetic rdeatigitigs dpdwasin dihedieadiaand Hehe mediumcg@Beti on of TS

= 200 mm the carbon _content in the 15 central region of .the fnﬁo
grain was 42 atonie¥®luated by &, GS§ defidhndrhe twli%kﬁf tEeFPrdMne nl ERET

relationship - bet ween Ts and the content of the nmtrix constituent
elenent in the cefordd Mﬁ§i§¥4ﬂdtéh?ihﬂﬂuﬁ?ﬁ?in?ﬁrWQﬁ%nEhoug NPeverse to

those in Exanples 4 and 5 werge obtained. 2 Thi s can probably be
attributed Po dif#: ?_‘(?r‘ftdf"ee m was deIé‘feéﬁ’ent upon annealing. In either
magneti c recordin% e ‘layer obtained under either condition, the Sm
and Co .conﬁ@ﬁ?@ i f the central region of the carbon matrix

Example 9A
A glass disk substrate, a CoggPtyp target, and an
Si0, target were set in a sputtering appératus. While
10 the glass disk was rotated about its axis, the CosoPtég
and SiOy targets were RF-co-sputtered to form a 20-nm
thick magnetic recording layer on the substrate. After
this disk was immersed in dilute nitric acid for 30 sec,
it was dried by blowing drying nitrdgen.
15 Example 9B
A glass disk substrate( a CogpPtyg target, and
an Si3N4 target were set in a sputtering apparatus.
While the glass disk waé rotated about its axis, the
CogpPtyo and Si3Ng targets were RF-co-sputtered to form
20 a 20-nm thick magnetic recording layer on the substrate.
After this disk was immersed in a 5N hydrogen peroxide
solution for'30'séc; it was dried by rotating it at
a high Speed. | |
Example 9C
25 l_ An Si'disk substrate, and a mosaic target.formed
from Co75Ptygs and Al903 were set in the sputterxing

apparatus. While'the Si disk was set immediately above



were 10 atom c% or |less. 25 When the magnetic characteristics of
t hese magneti c recordi ng | ayers were neasured, perpendicul ar
magneti ¢ ani sotropy was exhi bited. The coercive force

76 Hc and saturation nmagnetization Is of the nagnetic

recording | ayer obtained under the condition of each TS . were as
fol | ows. TS He Ts 86 - 50 nm [err] 100
KA/m J[err] 0.7 W/ne : 200 mm J[err] 220 KA/'m [erer] 0.5 W/nt

A sanpl e obt ai ned under the condition of 5 TS = 200 mm was sel ect ed,

and the fol | owi ng thepatdrgat to opposé\/aftpeélﬁ@r]@ﬁdt JP£1pobRéi €argetrdasg
| ayer was observed with a TEM and the vol une packing ratio of
the SnmCo grai ns wRF-cguitieatesi] t@ fdntmaia 2ot €hiclwesignetic retbedéngire
magnetic recording layer. The average 10 ~ volune of the grain was 4 X
10-25 nferr]. Theawesr &ge the substrai ancAfier vietswrfpeenobbthisediskom
the surface observation of the magnetic recording |ayer was 3 to
4 nm The aver age Wafgfdiganed eitdh aineuighhidekexgrat, the diskjwaganpl e
was AC-demagneti zed was _about 50 nm 15 The grain had a spheroi dal
shape, and the quﬁiqﬁ by blowing,03R09r93%i s/ minor axis was 2 to 5. The
shape .
Comparative Example 9D
A glass disk substrate, a CosdPtzo target, an SiO3
target, and a carbon target were set in a sputtering
appafatus. While thé_élass disk was rotated about
10 its axis, the CoggPtjyg and_SiCz targets were RF-co-
sputtered to form a 20-nm thick magnetic recording
layer on the substrate. Then, the carbon target was
DC-sputtered to form a 10-nm thick protective film on
the substrate. The surface of this disk was cleaned
15 with a neutral detergent.
Comparative Example 9E
A glass disk substrate, a CoggPtyg target, and
an SiO3 target were set in a sputtering apparatus.
While the glass disk.was rotated about its axis, the
20 CogpPtyg and SiO; targets were RF-co-sputtered to form
a 20-nm thick magnetic recording layer on the substrate.
The surface of this disk was cleaned with a neutral
detergent.
Comparative Example 9F
25 A glass disk substrate, a CoggPtyg target, and

an Si0Oy target were set in a sputtering apparatus.

While the glass disk was rotated about its axis, the



magnetic anisotropy was 1.7 to 2.6 X 10[err] J/nferr]. The

magnet ocrystal l i ne ani sotropy estimted from : a magnetic torque
measurenent was 8 X 106 J/nferr]. 20. Exanpl e 6B A 70-nm
t hi ck magnetic recording |ayer was forned in the sane manner as in

Exanpl e 6A except that an MiBi tar getgwas used instead of the SnCo
target. This magnetic recording |ayer 'was constituted by MBi

grains _ : : - T7 - and a carhon
material. As a result of a structural - anal ysis, the matrix was
found to be di anpidglgPtey and SiGzartisagets were RF-co-gpattareddghetic
characteristics of this magnetic 5 ‘recordi ng | ayer were neasured,

per pendi cul ar nmagfetc a 20-nm thiicomagne tiks reanasingd lawer ertdi®e force
Hc was about 160 kA/m and the saturation magnetjzation |

was about 1 W/ ni smbstrate nadider thee Sugitage Qfethiss disk was d%‘s%’r’}f’éﬁ

wth a TEM and the volune packing ratio 10 of .the MhBi_ grains was
cal cul ated to uni Wdth @ neutral gatargepiyud dess &F@tatl“}?éltegﬁafsre recordi ng

The noi se | Bvel | aRSTIGHAR ity o ety Aoeetore’ ot ShEE, FoFL Y min,
Lﬂy?LZ Inggﬁ)é?ingl es 6A %[}1% % Encen 5ratioen).<acor¥1i q:ei'tde sxﬁ‘faqpé | SR, MRS APPI | ed
' the obtained magnetic recording layers was measured

with an X-raylelectron spectrophotometer_(XPS).

More specifically; the number of O-H bonds from the
10 surface to a portion about 2 nm deeé was counted to

calculate thé number of O-H bonds per unit area.

After a lubricant was applied on each.magnetic
recording layer,'the disk was loaded into a hard disk
drive. A head capable of operating with a flying

15 height of 10 nm or more was used. While the flying
height of the head was gradually decreased, the héad
was moved over the entire range of the radius of the
disk. When an AE sensor confirmed a collision, the
height of any projéction was measured. The magneto-

20 static characteristics were examined by the VSM.
Recording/reprodﬁction'was performed using a thin film
head to examine the'S/Nm iatio of the medium at a
recording density exhibiting a reéording resolution D7g.

The results of these tests are shown in Table 3.



N )
. recordi ng Iayer formed on a 2.5" glass disk, and

recordi ng/ reproduction was perforned to neasure the noi se | evel by
usi ng a spectrum analyzer. In either - .of the magnetic recording
| ayers, the noise |evel upon 20 DC erasing was al nost the sane as that
upon signal - ‘recording. When a CSS.test was run, either of the
magnetic recording |layers.could w thstand 5003@00-tests or nore
t hough no protective filmwas fornmed. - Exanple 7 25 Exanpl e 7A
A gl ass di sk substrate, and CoPt, CrTa, and Si targets were set in
a sputtering apparatus. - : 78
Ternary bi ased co-sputtering was perforned 1n an Ar - atnosphere
containing 10% nitrogen to forma nagnetic recordi ng | ayer on the
substrate. At this tine, the _ di stance (TS) between the targets and
t he substrate was 5 set at 200 nm and 50 mm , The
obt ai ned magnetic recording | ayer was constituted by CoPtCrTa
grains and an Si-N matri Xx. _ When the magnetic recording | ayer was
i mrersed in aqua - regia to selectively dissolve only CoPtCrTa, only
the 10 matrix portion was |left maintaining the shape of the
original magnetic recording |aydr, and {hg matr} x ) '
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contlnuously existed in the perpendlcular and in-pl ane directions

of the magnetic recording | ayer. ‘The conposition of the fine
region of the magnetic 15 recording | ayer was anal yzed using an

anal ytical TEM In the magnetic recording | ayer obtai ned under the
condition of TS = 50 nm the Si content in.the central regi on of
the CoPtCrTa grain was 10 atonic%or less,- 89 - and the N content in
that region was 30 atomc% 20 - In-the magnetic recording | ayer
obt ai ned under the condition of TS = 200 nm the Si content in the
central regi on (e tie; fIpPtSF T&&rﬁf&{d@&& 34 £80 nAngrt hesd
content in that region was 10 aton1c@6 magneti c recordi ng

layer, the Co and iR EeRipARss 9 ﬁdwgc 2hd Conftdiive atitaipDé 9hp Sholt

matrix were 5 atom c% or | ess. When t he magnetic
characteristics ofis h@sdn Comparative Example 9D, and about 1 pm in79 -
magnetic recording | ayers were neasured, in-plane magneti c

ani sotropy was exl@iompaetht ivtee Em;n]ie/éﬂ‘.ord'm Comparatiiverftkample a%Epnit
magneti zation Is of the magnetic recordi ng | ayer obtained under the
condition of eachiFSsurfised wdat asinsd dies OH concentrggion on the

l's 50 mm[err] 200 kA/m 0.8 W/ n2

surface was hlgh the lubrlcant could not be unlformly
applied to generate hlgh projections. In Comparative
Example 9F, since e'heat treatment was performed to
remove the OH groups, the magnetostatic characteristics
10 deteriorated to decrease the S/Nm ratio.
In Comparative Exaﬁple 9D, the spacing between the head
‘and the medium was large due to the presence of the
carboh.protective film to decrease the S/Nm ratio.
To the contrary, in Examples 9A to 9C, since the OH
15 groups on the surface of the magnetic recording layer
were decreased by an acid or ozone treatment without .
performing a heat treatment, good magnetostatic
- characteristic and a high S/Nm ratio were obtained.
In Comparative Example 9E, when the slider surface of
20 the head was observed.upen measurement, contamination
with.the lubricant.wds found. In the remaining samples,
no contamination'wae found on the slider surface of the
head.
Additional advantages and.modifications will
25 - readily occurs to those skilled in the art. Therefcre,;/i
the invention in its broader aspects is not limited to

the specific details and representative embodiments



200 mm [err] 80 KAAm [err] 0.8 W/ n? A sanpl e obt ai ned
under the condition of TS = 50 nm was subjected to the following .
experi ment. The conposition of the interface regi on between
CoPt CrTa and Si-N was analyzed to find the presence of 10 - a very thin
Cr phase. This C phase has a function af strengt heni ng t he
connecti on between the CoPtCrTa grain - 9%nd-the Si-N matrix.
Generation of this interface , phase i s advantageous to enhance the
t oughness of the magneti ¢ recording layer and inprove the
durability. 15 showh 2@ ldedbr il Heddilrer f acRqtBisRyHAS wafivgsi on of
nodul ating conposition in the grain, and inproving the magneti c
characteristics, ardifddatedmny Imayt It aesteciwithout depdmiriveg from the
The magnetic recording | ayer was observed with 20 a TEM and the
vol une packi ng r atspdxdft tdre scaRieCrofia the genexmglaiimsrexdsivalconceptd 29
uni formy obtain about 0.5 over the entire magnetic recording
| ayer. The aver agslefined bw dihgrapgendes qlaimsyand G-hin{eguivalepets.
average in-plane size of the grain obtained fromthe surface
observat i on - 80 - of the
magnetic recording layer was 7 to 8 run. The average nagnetic
cluster size obtained when this sanple was AC-denmagneti zed was
about 100 nm "



The grain had a spheroidal shape, and the ratio of 5 t he maj or
axis/mnor axis was 2 to 5. The shape magneti c ani sotropy was 3.4
to 5.1 X 10[err] J/nferr]. The magnet ocr yst al

estimated froma magnetic . torque neasurenent
The magnetic recordi ng medi um was | oaded into mq |
t he head was brought into contact wi th The med

and the resistances between a plurality of portions in the head and
t he spi ndl e were neasured and converted into resistivities.

In any of the neasurenents, a value of abograf@s[err] [err]cm 15 or
nore was obtained. The coercive force of this magneti c recording
layer was 200 kA/m Wb themugfetic recosfliagr eppadatbysheanpiraeing:a pol e
saturation magnetic flux density Bs of 0.4 T, the SNR was snal

and hi gh- densatmagaeundlmgcomdhdgnmedbempemerREGHGMPtﬁubﬁér@§€
20 of a recording head having Bs of 1 T, the _noise reduced

t he SNR i ncreasedahg 8 m&gnetic recordlnvhéﬂY?ﬁefgé@?ﬂoﬁaltg?rﬁBP§F§a5F
this magnetic recordi ng | ayer was observed usin voi ds
having a ralli us oﬁnébbévlggnﬁ1ﬁﬁH“ﬁtHEﬁthnthéﬁBu?agnﬁﬁgczgra f ound
In the surface. These voids have a siz | arge enough to aIIow
entrance of a Iub@iﬁﬁﬁ?sﬁﬂléEuPen°nmagnetﬁﬁvWﬁ§réxd|aneter of several [err]
and a | ength of

means for recording magnetic 1nforma%£on on the
magnetic recording medium; and
means for reproducing magnetic information from
10 the magnetic recording medium,
wherein said magnetic'grains are separated from
said substrate by a part of said matrix and form a
substantially single layer parallel to the main surface '
of the substrate.

15 2. The apparatus according to claim 1, wherein
said magnetic grains are buried in said nonmagnetic
matrix.

3. The apparatus éccording to claim 1, wherein
upper portions of said magnetic_grains'are exposed on
20 a surface of said magnetic recording layef.
4. The apparatus.according to claim 1, wherein
‘an average siée of éaid magnetic grains is not more
than 10 nm.
5. The apparatus according to claim 1, whérein
25 said magnetic grains have a larger average size in
a perpendicular direction than that in a in-plane

. direction.



several nm Further, a larger nunber of |arger voids ' can be forned

In the surface of the recording | ayer because -the—wagnetit grain
and the nonmagnetic matrix wear out in different .
vani shing before 5 a lubricant application step. “!ﬁﬁ?ﬂﬁl}ﬂmmﬂ{“\he
ot her hand, hardly any voids |ike the one . descr A res
found in the surface of a nmagnetic r %o?ding l'ayer fornmed froma
CoPtCrTa thin filmwhich was . fabricated for conparison. Since a
thin netal 10 filmuniformy wears in the perpendicular direction in
vani shing, voids for aglowrhg bppakabascastordingtes claim 1,cwheskeile
f or med. A lubricant was.applied on each of these magnetic

~ recording | ayers, oagdofh@igdplabéhehy ofissekdnnagoebjc gBains goanning the
head in a contact state. As a result, - t he magnetic recording | ayer
of Exanpl e 7A exhabpeepgendicularddizection,sapdraotevelt daffgrenge CoPt Cr Ta
film This is because the adhesion properties of the,
| ubri cant are inpbetwdennlowernegdet P Faédrypanetigedradps is HPLEROKF e
TA. Exanpl e 7B A magnetic recording |ayer forned from-
CoPtCrTa 5 ghannd BRd an Si-O Si-N matrix was fabricated in the

o Sput tori ng vas perf Grefnen SERSRRUEPRACHRERINS b claig iy iEFSin
%2%?2L;r?%gnngéng§%gg %QE%étELTgra§LEC%onsist o288 Fh159" 88htaliRifder to
a metal selected from the group consisting of Co, Pt,
Sm, Fe, Ni, Cr, Mn, Bi, and Al.

10 8. The apparatus according'to.claim 1, wherein
said nonmagnetic matrix consists of a material
represented by the géneral formula M-G where M is at
least one material.selected from the group consisting
of Si, Al, %r, Ti, Ta, In, Sn, Ge, and B, and G is at

15 least one material selected from thé group consisting
of oxygen, nitrogen, aﬁd carbon.

9. The apparatus'acéording to claim 1, wherein
said nonmagnetic matrix cqnsists of a maﬁerial selected
from a group consisting of carbon, boron and germanium.

20 - 10. The appafatus according to claim 1, wherein
a content of a magnetic element in a central region of
said nonmagnetic matrix between'said_magnefic grains is
not more than 20 atomic¥.

11. The apparatus.according to claim 1, wherein

25 a concentration of OH groups on a surface of

said magnetiC'recofding layer is not more than

4 X 1014 atm/cm2.



- 82 - characteristics of the nmagnetic recording |ayer.
When the magnetic characteristics of this magnetic recordinglayer

wer e neasured, in-plane nagnetic ani sotropy wa 3

coercive force Hc was 5 about 220 kA/m and the sa’;ﬂm‘i"ﬂﬁl "lluum g
magnetization Is was 0.9 Wi/ nferr] Vh n the co ine
regi on of the magnetic recording Ia?e? was anal yzed using an
analytical TEM the Si content was 3 atom c. % or ‘| ess, but the N
content was 15 atomic% and the O content was 10 25 atomic% all in
the central region ofishe flt{pparatus accoraing GbecTaimndl,Pwhegationts in
the central regions of the Si-OSi-Nnmtrix were 1 atom c% or |ess.
Exanpl e 8 said répréducing meamgninctudesoadhagnetosesiblilvgr to 15
that in Exanple 4A, the ratio of input powers to CoPt and Si Q2
targets was changellegnt hr ee ki nds of nethods as shown in FIG 24.
Met hod A periodically changes the i nput power ratio in_a_ sinusoidal
shape. Method B. 13. gh&dmagnqtiﬁcI%Q@E@lFﬁeaPE?FBtBF Fﬁ@PFﬁﬁﬁngomer to
20 CoPt with respect to the input power to SiJerr] hod @
gradual | y d®creases tha magnetde raeording HSﬂéPmtS°FR§lSlng a St R
respect to the input power to, S

recordi ng | ayer oﬁ?ﬁlﬂéﬁa%?eEéEh§L°°r&lngn%?ﬁﬁﬁ QBEmFggSPsgﬁe gaﬁgaFégla

to selectively

and having a structure in which magnetic grains are
dlspersed in a nonmagnetic matrix;
means for recordlng magnetic lnformatlon on the
10 magnetic recording medium; and
| means for reproducing'magnetic information from
the magnetic recording medium;
wherein said magnetic grains have a flat shape
along a film surface, and an exchange interaction
15 between adjacent_magnetic grains in an in-plane
direction is smaller than that in a perpendicular
direction.
14. The apparatus according to‘claim 13, wherein
a'spacing between adjacent magnetié grains is less than
20 2 nm in the perpendicular direction, and 2 to 15 nm in
| the in-plane direction# | |
15. The apparafus according to claim 13, wherein
a ratio of lengths of minor and major exes of each
magnetic grain is 0.3 to 0.9.
25 : 16. The apparatus according to claim 15, wherein
the ratio of the lengths of the minor and major axes-of

said magnetic grain is 0.3 to 0.5.



25 ~dissolve only CoPt, only the matrix portion was |eft
mai nt ai ni ng the shape of the original magnetic recordi ng layer, and

the matrix continuously existed in
83 - t he perpendi cul ar and in-plane directions HIII"HH’"“I" "Ill(ﬂl!_l
magneti c recording | ayer. A section of the nagneti e recosdi :
| ayer obtai ned by each net-hod was Dbeérved with a TEMto exam ne

5 changes in packing ratio of the grains in the - per pendi cul ar
direction. In addition, the charac- ‘teristics such as the adhesion
properties of the 17. HNogaghétic eeecdrdgngagppanataseranpniding:

In a magnetic recording |layer obtained by the 10 nmet hod of changi ng the

i nput power ratio, |ike m®ghetié, recordingpmeling bemgirjsdogu er sybskrate
peeling test using an adhesive tape. In a magnetic recording |ayer

obt ai ned ayd sethaquetbe repardpogelayeri forwed: ant thgespbggrate
easily occurred. These results indicate that the 15 I nternal stress of
the magnetic recoamd ngaviyg@raistructure in|whéghppagaeksg grains are

~In a magnetic recording |ayer obtained.bz_a met hod of changing the

i nput power5rati odispeesedt Hayda pnopRagnetic mapgrdking rati o of the CoPt

grains increased toward the _20 surface side of .t he nmagnetic rqﬁprding
layer. In this means for recording magnetic informailion on the

magnetic recording medium; and
means for reproducing magnetic information from
the magnetic recbrding medium,

10 : wherein said magnetic grains inqlude island-like
magnetic grains, and ah average value of angles defined
by side surfaces of éaid island-like magnetic grains
.and a surface of said subsﬁrate is not more than 75°.

18. The apparatus according to claim 17, wherein

15 ' the angle defined by said side surface of each
island-like magnetic-grain and the surface of said
substrate is 30 to 70°.-

19. The apparatus according to claim 17, wherein
said island-like magnetic grains grow in contact with
- 20 an underlayer formed'on said substrate. |
20. The apparatus according to claim 19, wherein '
said underlayer conéists of a material_seiected from
the group consisting of Cf, v, Ti, Pt, Pd, Ir, andlZnO.
21. The apparatus according to claim 17, wherein .

25 . magnetic grains constituting said magnetic recording

layer include said islaﬁd-like magnetic grains, and

in addition flat magnetic grains separated from said



magnetic recording |layer, no peeling occurred in a peefTtng test

usi ng an adhesi ve tape. ' “In a magnetic recof”i i ned
by a met hod of changi ng the input power ratio, | Eu'ﬂrm.mnmﬂmu
25 packing -ratio of the CoPt grains decreased toward €c L m s ace
side of the magnetic recording |ayer. Wen the resistivity was
nmeasured by bringing a probe into - 95 -

- 84- contact with the surface of the magnetic recording :

| ayer, it was about 80%the resistivity of the magnetic recordi ng

| ayer obtained by jgakindld ikRe rapidt iROWains by sdidf ifdrifictic mabrix.
The adhesi on properties of the magnetic recording l'ayer were

i mproved by perform ngar.evahee appdriatusGiccording S @laaindrau Ngvlidweein
magneti c recording | ayer on a gl ass . di sk. For exanple, even in the
magneti c recordi ngaid flat meagmetdlt gyrecdchshyhaset td idehef rputo pbdvem riat i 0
10 constant, the peeling ratio in the peeling test -decr eased,
and the coercive for da-planeasdadeiotdan. 160 kAAmto 200 kKA/m These
effects are attained because the surface roughness of the substrate
changes 5 upon ReradiPafiagpesic qiesanding apparatdissk substantiallns
etching, and free oxygen on the surface of the Substrate

di sappears. The s&feleredabefore slessgibedkith reference to FIGS. 1 to

11 of the accompanying drawings.



by a surface nodification nmethod such as neutron _ irradiation or ion
plating, in addition to sputter etching. 20 ' The noi se

| evel and durability of each of the ° ~~ ~magnetic recording layers forned
by the three kinds of met hods were exam ned. A lubricant was applied
on the _ magnetic recording |ayer forned on a 2.5"1 glass di sk,

and recordi ng/ reproduction was perforned to ABasure 25 - the noise |evel
by using the spectrum anal yzer. As a - result, in any of the nagnetic
recording |layers, the _ noi se l.evel upon DC erasing was al nost the
sane as that ABSTRACT OF THE DISCLOSURE- $BIG. 1) upon
signal recording. Wien the sliding charac- - _teristics between the
head and the medi um were *MAGMB{rIgt BRECORDANGSEPPARATUSHe nagneti c
recording | ayer could withstand 500,000 tests or nore though no 5
protective filmwas foamegnetic recBradimoe apparatus imcdmdes @Amagnetic

A gl ass di sk substrate, a Co80Pt20 target, and an : Si 2 target, were
set in a sputteringcapgangt nediwm lipcluding sheuphsixatgi apdnds Magnsitdd
about its axis, the Co8CPt20 and Si Q2 targets were RF-co-sputtered
to forma 29-nm recordipgj ¢rygiEghermed Q%Féﬁnﬁugéﬁéf“&naf‘ﬁeh?m}?ﬂ ate.

After . ) ) )
’ a.structure in which magnetic grains are dispersed in
a nonmagnetic métfix; a means for recording magnetic
information on the magnetic recording.medium, and
a means for reprbducing"magnetic information from the
10 magnetic recording medium wherein the magnetic grains
are separated from the substrate by a part of the
matrix and form a substantially single layer parallel

to the main surface of the substrate.



this disk was immersed in dilute nitric acid for 30 sec, it was

‘dried by blowng drying nitrogen. - 15 Exanple 9B . A gl ass
di sk substrate, a Co80Pt2Q target, and an Si3N4 target were set in
a sputtering apparatus. ~ Wiile the glass disk was rotated about its
axi s, the Co80Pt 20 and Si 3N4 targets were RF-co-sputtered to form
20 a 20-nm thick magnetic recording |layer on the substrate.

After this disk was i mMmersed in a 5N hydrogen peroxide solution for
30 sec, it was dried by rotating it at 1/11 a high speed. - Exanpl e
9C 25 An Si disk substrate, and a nosaic target fornmed

from Co75Pt 25 and A1203 were set in the spu1@§ring ~apparatus. Wile
the Si disk was set immedi ately above

- 86 - the targe | St e target was
RF-sputtered to forma 20f nmthi mag cording . layer on the

~substrate. After-thﬁﬁfurfac W&L t hi was cleangd with a

. neutral detergent, e o N oW ng ozadyne gas. .

- Conpar ative Exanple 9D 7 L at e, Co80Pt 20
target, an Si Q2 :

3o\ 2

sputtering _ oo

lll..l" _ . ™
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apparatus. Wiile the glass di sk was rotated about 10 Its axis, the

Co80Pt 20 and Si 2 targets were RF-co- _ sputtered to forma 20-nm
t hi ck magnetic recording | ayer on the substrate. Then, the carbon
target was DC-sputtered to forma 10-nmthick protective filmon
the substrate. The surface of this disk was cleaned 15 wi th a neutral
det er gent . _ . Conparative Exanple 9E . A gl ass di sk
substrate, a Co80Pt20 target, and - an Si2 target were set in a

sputtering apparatus. Wi | e the

jbass di sk was rotated about its
axis, the 20 - CoBOPt 20 and SIi Q2 tar&gf1 were RF-co-sputtered to form
a 20-nm thick magnetic recording |ayer on the substrate. The
surface of this disk was cleaned with a neutral det ergent.
Conpar ati ve Exanmple 9F 25 A gl ass di sk substrate, a :
Co[err]Pt[err] target, and an SiQ2 target were set Lnh a sputtering

appar at us. Wi | e t he Igrad7 v 20/ as /"/.’/Vf,i'f:"i Intls axis, the
- 87 - Co[err]Pt[er ‘é gZ ttered to
forma 20-nmthick magnetic J 7 /7

Y AL Lo 508

8%
A

%1 ubstrate. After
the surface of this disk wa utral Jdetergent, a

heat treat ment was

2%
Ak

4.




5 performed in a nitrogen atnosphere at 200[err]C for 30 mn.

. The OH concentration on the surface of each of t he obt ai ned
magneti c recording | ayers was neasured wth an X-ray el ectron

spect rophot onet er (XPS). More specifically, -the nunber of O H bonds
fromthe 10 surface to a portion about 2 nm deep was counted to -
cal cul ate the nunber of 0-H bonds per unit area. After a

| ubri cant was applied on each magnetic - recordi ng | ayer, the disk
was | oaded into a hard disk dri§§ A.-head capabl e of operating with
a flying 15 hei ght of 10 nm or nor m&s used. Wiile the flying

hei ght of the head was gradual |y decreased, the head was noved over
the entire range of the radius of the . di sk. When an AE sensor
confirmed a collision, the hei ght of any oj ecti on was neasur ed.
The magneto- 20 static characteristics were xam ned by the VSM

Recor di ng/ r epr oduct i on WAS7RRPIBy RO AUA RU7a7 A 7 iy 2 ead to
exam ne the S/Nmratio Md. / ? ”W @’ﬂ rﬁity
exhi biting a recording rd€al i fn/Lye //// Ao/t S of these
tests are shown in Tabl e [/ ’ 39 // /

.
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The height of the projection was 10 nmor |ess ©oin Exanples'gA to 9C

and Conparative Exanple 9F, about 15 nmin Conparative Exanple 9D,
and about 1 [err]min Conparative Exanple 9E. I n Conparative
Exanple 9E, it 5 is surmsed that, since the OH concentration on the
surface was high, the lubricant could not be uniformy applied to
generate high projections. In Conparative Exanpl e 9F, since a heat
treatment was perfornmed to renogz éhe OH groups, the magnetostatic
characteristics 10 deteriorated to°4&drease the S/Nmratio. In
Conmpar ati ve Exanpl e 9D, the spacjng between the head and the nedi um

ve filmto

s 9A to 9C

Fecordi ng | ayer
performng a .

nd a high S/ Nm

1 t he sl i der

was | arge due to the presence of
~decrease the S/Nmratio.

-~ since the OH 15 groups on t
wer e decreased by an acid or ozo
. heat treatnent, good nmagnet ost at
rati o were obtai ned.

In
aF{Lafﬁeorubrlc tlgi EEEL&BI

contam nation was found on the s
Addi ti onal advantages and nodifi
those skilled in the art. There
aspects is not limted to

enbodi nent s

head.

occurs to
in its broader
[ epresentative
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- 90 - shown and descri bed herein. Accordingly, various rodifications
may be made without departing fromthe spirit or scope of the general
i nventive concept as defined by the appended clainms and their equival ents.

-91 - . CLAI VS - .~ 1. A magnetic
recordi ng apparatus conpri sing: “a magnetic recordi ng nedi um
conprising a substrate . and a magnetic recording |ayer forned on the
substrate 5 and having a structure in which nagnetic grains are
di spersed in a nonnmagnetic matrix; 6/11 means for recordi ng nagnetic
information on the ~magnetic recording nedium and means
for reproducing magnetic information from 10 t he magnetic recording
medi um wherein said nagnetic grains are separated from
said substrate by a part of said matrix and form a substantial ly
single layer parallel to the main surface of the substrate.
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15 2. The apparatus according to claim1, wherein said

magnetic grains are buried in said nonmagnetic matri X.
3. The apparatus according to claim1, wherein upper portions of
said magnetic grains are exposed on 20 a surface of said magnetic
recordi ng | ayer. 4. The apparatus according to claiml1,
wher ei n an average size of said nmagnetic grains is not nore
than 10 nm . 5. The apparatus according to claim1l, wherein 25
sai d nmagnetic grains have a |l arger average size in a perpendi cul ar
direction than that in a in-plane 7/1di rection.
- 92 - 6. The apparatus according to cIa|n11 wherei n
one of displacenent of said magnetic grains in a perpendi cul ar
direction, and a level difference bet ween | ower ends of said
magnetic grains is not nore 5 than 4 nm 7. The apparat us
according to claiml1, wherein sai d magnetic grains consist of an
al l oy containing, a metalSsel ectyed fromthe group consisting of Co,
Pt Sm Fe, Ni, C, M, B, anq Al. 10 8. The apparat us
accordlng to claim1, mhereln ‘ : o

10 : o

FIG. 17A
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said nonmagnetic matrix consists of a materi al | represented by the

general formula MG where Mis at | east one material selected from
t he group consisting - of Si, A, Zr, Ti, Ta, In, Sn, Ge, and B, and
Gis at 15 | east one nmaterial selected fromthe group consisting

of oxygen, nitrogen, and carbon. 9. The apparatus according to
claim1l1, wherein sai d nonmagnetic matri x consists of a material
sel ected froma group consisting of carbon, boron and germani um

20 10. The apparatus accordinggt@iclaim1, wherein a
content of a magnetic elenent in a centr regi on of sai-d _
nonmagneti c natrix'beEMﬁ n said magnetic grains is not nore than 20
atom c% ' 1.

a concentration of OH grdups on a surface of .ﬁaid magneti c
recordi ng | ayer iﬁn«at gmre t han 4 X 1(?[%? -]8 tmcnigrr].
- 93 - < '9 .{ The apparatus according {osclaim1l} wherein
Bs=1. & ¢ment.

/ a agnetic
a nagﬂ@giv recordi ng

S [Bs=1.2T

The apparatus according to clain11,imherein 25

S’

sai d reproduci ng neans irncl udes a nagnetoresistive
13. A magnetic reEbr 'ﬁg apparatus conprising: 5
recor di ng nediun1§bng*| i[ig a substrate

| ayer fornmed on tEf substjrat e
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and having a structure in which nagnetic grains are di spersed in a

nonmagnetic matri x; means for recording magnetic information on
the 10 magneti ¢ recordi ng nmedi um and means for reproducing
magnetic information from t he magnetic recordi ng medi um '
wherein said magnetic grains have a flat shape along a filmsurface,
and an exchange interaction 15 bet ween adj acent magnetic grains in an
i n-pl ane direction is smaller than that in a perpendicul ar
di rection. 14. The apparatus according to claim 13, wherein
a spaci ng between adjacent nmagnetic graPpilis |less than 20 2 nmin the
perpendi cul ar direction, and 2 to 15 nmin the i n-plane direction.
15. The apparat us accordlng to claim 13, wherein a ratio of lengths
of mi nor and naj or axes of each nagnetlc grainis 0.3 to 0.9. 25
. 16.  The apparatL . o ' 1 Whe ratio of the
~lengths of the mjnor and naj or axes of gdti'c grainis 0.3
- to 0.5. - 17. A
. magnetic recordirg apparatus conprising: : a nggnetic recording
- medi um conprising a substrate
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and a magnetic recording layer formed on the substrate and having a

. structure in which nagnetic grains are 5 di spersed in a nonmagnetic

mat ri x; means for recording nagnetic information on the
magneti c recordi ng medi um and : "~ means for. reproduci ng magnetic
information from the magnetic recording nedium 10 wherein
said magnetic grains include island-Ilike magneti c grains, and an
aver age val ue of angl es defined by side surfaces of said island-Iike
- magnetic grains and a surface of said substrate is not.nore than 75.
- 18. The apparatus according to claim 1740hkrein 15 t he angl e defined
by said side surface of each i sland-1i ke magnetic grain and the

. surface of said substrate is 30 to 70[err]. _ 19. The

- apparatus according to claim17, wherein : said island-Iike magnetic
~grains grow in contact with 20 an under| ayer fornmed on said substrate.-
+ 20. The apparatus according to claim 19, wherein -atgpid'underlayer'

. consists of a material selected from t he grouponsisting of Cr, V,
+Ti, Pt, Pd, Ir, and ZnQ : ' 21. The apparatusgdccording to claim
17, wherein 25 magnetic grains constituting said gnetic recordi ng

- layer include said island-Iike magnetic grains, - and in addition

. flat magnetic grains separated fromsaid
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- 95 - S i sl and-1i ke magnetic grains by said nonmagnetic matri x.

- 22. The apparatus according to claim2l, wherein said flat nmagnetic
~grains have a size of 5to 10 nmin an in-plane direction. 5
23. A magnetic recordi ng apparatus, substantially . as hereinbefore
described with reference to FIGS. 1 to 11 of the acconpanying
dr awi ngs. - ' o :
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