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Thechnical field of the invention The present invention relates in general
to a nagnetig.rﬁfording 5 10 mediumand in particular to '
recordi ng medi untthat exhibits excellent nmagnetic propertﬂ”ﬁMﬂ“@m“mm“m
el ectromagneti c conversion characteristics, stability against*5 ﬁ ma
di sturbances, and allows high recording density. Background of ' Re

i nvention A l.e: Storag ' .5, one of information r i ces
15 20 that sﬂﬁg%§§5ﬁ¥5ﬁ$ ' %gfﬁgﬁi% society in recent ymmmﬁmmu%mmmw

I ncrease of information to vast anounts, magnetic recordi ng nmediggoesised in
magneti c storage devices are forced towards hi gher recordi ng density and

| ower noi se. Achieving_high recording density needs minimzation of a unit
si ze of iﬁDeebnuuﬂdﬁegigﬁgﬂuzamvenxuuhich in turn requires mnute nagnetic
grain size. Lowering of noises needs reduction of fluctuation of

magnet i zat i onTheepresonyiavientiohaedatésindnesal oo a neagnhetieddicordingo
the mnute grain size. To address these problens, a variety of proposals

h : : > ) o] 1
and ot or Papany G LD ERTRORI bORCpANete Fch Mg mb dRaANA YT
t f di has_b .havi . | od .1 I ti

| Syer conrBiPHS SxoalsREePEER)IS Hrophetiftardl el Romasnetite macrix of
an oxide or a nifride surrounding the crystal, grains. | rl&@[r{edibum i ncl udi ng
a granul afOBVELSIQR &) &nﬂ&tﬁﬁms,@f@iﬂfhﬁy againgdathormal distuybannes; ed

magnetically fromeach other by i
and allows high recording density. \

10 Background of the invention
A magnetic storage device is one of information recording devices
that support highly informational society in recent years. With
increase of information to vast amounts, magnetic recording media
used in magnetic storage devices are forced towards higher recording
15 density and lower noise. Achieving high recording density needs
minimization of a unit size of inversion of magnetization, which in
turn requires minute magnetic grain size. Lowering of noises needs
reduction of fluctuation of magnetization due to magnetic interaction
between grains, in addition to the minute grain size.
20
To address these problems, a variety of proposals have been
made including compositions and structures of a magnetic layer, and
materials for a nonmagnetic underlayer and a seed layer. Among

them, a type of medium has been proposed having a so called



5 virtue of the interveni ng nonmagneti c substance. Since the m ni num
ragneti zation unit can be the size of individual grain, whichis 4 to 10
nm hi gh recowdipg density is Eossible to at least this m nute dinension.
Besi des, exchange interacti on between the grains is expected to be
suppressed by the nonmagnetic matrix surrounding 10 each grain. United
States Patent No. 5,679,473, for exanple, discloses that | ow noise is

achi eved ' L s i : 8 EAl :

magnet o efpi iRt At TayedbinaiBLIY o indedtit Ly Sratlinleraifidthd; g
the grain. The granular recording filmin the reference n bg fornmed by
depos 1 oRADAGRGIC RRaLER pb AT ids iy a Wilrisf ShEReHRdBRethe, Sxstal
additive of an oxide such as SiQ2._.In such a granular magnetic film, since
a nonmagn@rainand manmadiumcinsudingry graaularsstrarciuge, shermagpeticc
grain, magnetic interaction 20 between the nmagnetic grains dimnishes. So

the formagrainsfar geaglyqundectlydizoiatedahbgreticallydroed ddvdt othesdy at a
transition region of a recording bit, |eading to achieving | ow noi se

char acger k§ifge of thelingeﬁeglﬁmgllxﬁm%{tﬁ@Qu@él’c%ﬁ%ei. ’$ﬁ{Eé fRe 'MiR{H*Im! ©

acconplish a magnetic recor excel l'ent el ectromagnetic
conversio r er.i stjc.usi ranyl a t1C 4 . d uch
2s S 02 annagnstatiph b 3rrhE (el MANGfat B8, pleR sk tB5 b
wel | separgted ip.the depasiteq magnefic layer., It is al .nportant to
make tho i BIg Esggw ing deBpHYsHppseibledaat lrast dbis AIRURgr ee of
m smat chi ng between a c-axis lattice constant of 10 the magnetic |ayer and
a c-axi s IdimeénsiamnBesides;, exchange inteiractdonyetwieennthe igrasnsian 5 %
however, the m smatching between the |layers inhibits epitaxial growh of

the Wagnetd@écﬁedrtcﬁb@@mpgde@s\ed iy theaiordisdRetivy@iataid ssdreugrling

affects alignnment and crystallinity of the crystalline grains constituting
t he neteiaﬁﬁ g¥§{n 15 and further, inhibits segregation of the oxide from
the cobalt allgy

United States Patent No. 5,679,473, for example, discloses that
low noise is achieved by a granular recording film having a structure
in which each magnetic crystalline grain is separated by nonmagnetic

15 oxide surrounding the grain. The granular recording film in the
reference can be formed by deposition employing RF sputtering using
a target of CoNiPt with an additive of an oxide such as SiO2. In such
a granular magnetic film, since a nonmagnetic and nonmetallic phase
physically separates each magnetic grain, magnetic interaction

20 between the magnetic grains diminishes. So the formation of zigzag
magnetic domain wall is suppressed that arises at a transition region

of a recording bit, leading to achieving low noise characteristic.



parti‘cl es. Because these phenonena | ead to degradation of el ectromagnetic

gonversion characteristics, control of the lattice matching is required 20
between the internmedi ate | ayer and the nagnetic |ayer to reduce nedia

noi se. The present invention has been made in view of this problem and an
object of the invention is to provide a nagnetic recording 3 medi um t hat
exhi bits excellent nmagnetic properties and 5 10 15 20 el ectronmagnetic

conver Si OPI%!TﬁéﬁfrtSrﬂe;%Bféed?ﬁ?ﬁg&éﬂdé%@;gﬂgai nst thermal disturbances,

al  owi ng achiéving hi reco ensi he inventors of the present

i nvention have nmade extensive studies on lattice t chi ng.bhet we

crystal line giBiqies b6 RECAIARBSHeR TR aBMabfLarardIng Foetifm With,e
magnetic | ayer. in a magnetic recordi ng nmedi a having .a granul ar magneii C

| ayer, anéxcelleatielectsomagngticaconrvernsionceharacteristic uaing eegranuviant s
are favorabl e when the degree of msmatching Da is not greater than 6 %

t he degr eenagnetintiyér,nthéoxidermiclyasabi0; tdrad the®eokalt 4Heyrtdatoare/ Oc

is not smaller than 1.5~ where ~a is the degree of m smatching in the

a- axi 5| afcbh%ﬁiﬁﬁﬂihafﬁé tﬁggé%eﬂbé@%orl?é‘ W@l’lgérgaﬁc}‘cafﬁe? {iﬁgh%t &eggggtgda”d the

magneti c | ayer that are na by sputtering, egr

m smat ching_in theyc-axi g, l.atty ce._constan bet ween, t he t avers. Under
the above HBRACLROIAT S 1 b8 A sRanBOFLARH Jochale Eht kST U Bhingtif o
epitaxial growh in. the gneti ¢ | ayer having hexagonal closest packed
(hcp) strw@awmﬁil tog SHMS@Y.ructure as in the internediate | ayer. As
a result, alignnment and crystallinity in the magnetic |ayer are inproved,

and excel l ent performances in the recording medi um are achi eved. Because of
the little msmatching with the crystalline grains in the internedi ate

layer, crystallfiandegreé s misidetdtampebetwieayea eukis Matticei corigtagiteofh si ze
can nmake favorable epitaxial growh at each mnute crystallite. 4
10 the magnetic layer and a c-axis lattice constant of the intermediate
layer is not less than 5 %, however, the mismatching between the
layers inhibits epitaxial growth of the magnetic layer deposited on
the intermediate layer and adversely affects alignment and
crystallinity of the crystalline grains constituting the magnetic layer,

15 and further, inhibits segregation of the oxide from the cobalt alloy

particles.

Because these phenomena lead to degradation of electromagnetic
conversion characteristics, control of the lattice matching is required
20 between the intermediate layer and the magnetic layer to reduce

media noise.

The present invention has been made in view of this problem,

and an object of the invention is to provide a magnetic recording



When ‘a magnetic |ayer is deposited on a nonmagnetic internediate |ayer that
predom nantly aligns in the hcp (100) plane, growmh of crystalline grains
in the magnetic layer is inhibited at the epitaxial growth in the a-axis
direction that has poorer lattice 5 matching than the c-axis direction with
better lattice matching. Consequently the size of the cobalt alloy
particles can be made smaller. As a result of the hindrance of the crystal

growth in g GM itlél%'t",.té%i}}ﬂi £§ exicRMduit &ag{nﬁgicg?gﬁé%ﬂbé don).

segregati on oi‘l oxide is oulnd pronoted 1 n oundary region of the
hcp (100)-gligned 10 crystalline grains in the magngti.c,l.ayer. Means to
cove e SlptiitiRatetie hBverhfod Haibttoistiet SR BRiltY a bR g
medi um accordi ng. to the present_.inventiop, conprise substrate and | ayers
15 i ncl udit rmabdm@rrgzaaceﬁ»d@ﬂpm asplmjm' gflag@qrddn@ ensityve

| ayer, and a lubricant filmsequentially |amnated on a substrate. The

under | ayer has a body centered cubic (bcc) structure. The nagnetic | ayer
has a granul ar structure consisting of ferronmagnetic crystal grains with

hexagopal cl ogsé indekedrs fafm)hég&e%ﬂtqn%%’&anaaﬁe%ﬂt@ﬁm@undar y

regi on of oxide or other nonmagnetic and nonnetal |1 c substance 1 ntervening
bet ween t f - ] I I - | etic
recordi ng @%&‘iéﬁ}%{ﬁi %L‘ﬁg r{égﬁﬁl@hg g;e%‘)?%???g&%g%ﬂgﬁg Ls%lsé/lglsn%ﬂﬁgg netic
intermedi ate | ayer wi t.h hexagonal ¢l osest packed structure di sposed between
t he nagnetﬂ%nﬂl&%%‘?eﬁﬁdqtﬁé”%‘g@&%ea er apdl 1yt nﬁkﬁ&@%tllcgl@é’re 1 1! Bonposed
of a nonmagnetic netallic substance nainly conposed of one or nore el enent

sel ect ed snpgnetic gecapdnginediadqravirg a geanular magnetielayenaander yst al
alignment plane parallel to a deposition surface of the substrate is an hcp

(100) pl afeundtithetfaflowihyg facte f Fheroearkitions ofdasdticercomstaints are t he 10
magnetic | ayer are conposed of a Copt alloy containing at |east one el enent

selocted ifa9drible Whetlithd deghdiesf fisthatehing Adis MitEidfer’than® yost

6 % and a degree of lattice msmatching Cc 1s at nost 4 e ratio Da/'Cc
is at |ea 1 r e ' . e ' hi tyee S aX] .attice
conotant - 18 HRerER iRl RS A 3ol WRORER AR LI At Fatid
constant of f,he. nonmagnetjc petal]ic spybstapce conpgsing t i.ntermedi at e
| ayer, and&%&:ﬁq 1 308&3?1@1196? &3@51 e W rﬁég@\éﬁﬁ%@ aﬁgé'eﬁaﬁ t 38 108 s
of the two layers. 20 The substrate is preferably nade of plastic resin,
such as pdnythe foaxie lattipelgomstiants betwsenstheamonmagréticamtermadiate
subjected to intentional heating prior to lamnating the |ayers. 6
layer and the magnetic layer that are made by sputtering, and Ac is
15 the degree of mismatching in the c-axis lattice constants between the
two layers. Under the above conditions, the ferromagnetic crystalline
grains cause favorable epitaxial growth in the magnetic layer having
hexagonal closest packed (hep) structure that is the same structure as
in the intermediate layer. As a result, alignment and crystallinity in
20 the magnetic layer are improved, and excellent performances in the
recording medium are achieved. Because of the little mismatching
with the crystalline grains in the intermediate layer, crystalline

grains in the magnetic layer even with minute grain size can make

favorable epitaxial growth at each minute crystallite.



Brief description of drawings Figure 1 is a drawing illustrating an exanple
of a structure of a magnetic recording mediumaccording to the present
invention. 5 Figure 2 is a TEM picture showing a sectional structure of a
magnetic recordi ng medi um of Exanplte 1. Aspects of enbodi nents of the
invention 10 Now, sone preferred enbodi nents of the present invention wll
be described with reference to the acconpanying draw ngs. Exanple 1 Figure

! monel 23&3%‘3&#@t@%ﬁérﬁ%iﬁ@g&?%“%5&§§5%ﬁ§ﬁséé Eeyfels >t e ©
: : 1

and the | AybEmesaRa ayes hafpsagenmantbhabensons theches g0l Plane, ©

underlayer 2, a ngnmagnetic internediate |layer 3, a magnetic |ayer 4, a

prot ect i veroswtd of crystaHine gradnsu tharmazmetigdayer 1shamhibited agdhe | s
a filmmde by means of DC sputtering. The nonmagnetic internediate |ayer 3

was deposieipdtihrinlt ?ﬁoWﬁH&lﬂ thiera-axkisrhrectiorPfhap Hdepooger Theticagnet i ¢
layer 4 of a cobalt alloy was epitaxially grown on the nonmagnetic

| nt er ngdi %ggéﬁﬁ% tfi]gan7 th x?é”?i%ééﬁ%n“ﬁﬁ "lge;ﬁt@r'lﬁ%tf&esﬁpéﬂdlﬁ 1 wth

3.5" dianet |c resrn suc ycar bonate or polyol ef| n.
The substr te was clean d and i iy odu 0 a utit ering,;a tus.

under | ayer (?n%? Ef ﬁ)f) evﬁlfzﬁ f@%f"@@ﬁ?@ﬂ@@ leg&abr(f’@epﬁ}q@ ure vvas
deposi ted by Sigutteri ge od, A nonrra |c i nternedi a er 3
with the SINAKEEs fa ¥es $) \ti’@ghllhdrﬂﬂﬁesﬁ Gres grow @he
underl ayer by means of a DC sputtering method using a rutheni umtar et at a

deposi ti othorizental difectivneli.ainthe ar akisodiregtion)asggregation efoxideds 30
mlorr. 10 Subsequently, a magnetic |layer 4 with the thickness of 10 nm was

formed by faaay pebnisteriaAtd grang bRihddryvepdon éftlethas (m@}r@'ﬂg&de

containing 10 m)l % of Si 02 under a di schargl ng argon gas pressure of

Ferr obQgnary seaRIRE sriels th EAR Mk dayee. Structure consisting of
Means to solve the problem
To accomplish the above object, a magnetic recording medium
according to the present invention comprises a substrate and layers
15 including a nonmagnetic underlayer, a magnetic layer, a protective
layer, and a lubricant film sequentially laminated on a substrate.
The underlayer has a body centered cubic (bcc) structure. The
magnetic layer has a granular structure consisting of ferromagnetic
crystal grains with hexagonal closest packed (hcp) structure and
20 nonmagnetic grain boundary region of oxide or other nonmagnetic
and nonmetallic substance intervening between the ferromagnetic

crystal grains.

Advantageously, a magnetic recording medium of the invention



hexagonal cl osest packed (hcp) structure and nonmagnetic grain boundary
rregi on mai nly conposed of oxide intervening between the ferronmagnetic
crystalline grains. After lam nating a carbon protective layer 5 with the

t hi ckness of 8 nm the |am nated substrate 20 was taken out fromthe vacuum
chanmber. Finally, a liquid lubricant was applied to the 1.5 nmthickness to
forma liquid |ubricant layer 6. Thus, a nagnetic recordi ng medi um was

Phe subst /W sAGR R RETSe A g AERRERE AT me iintd Lo With, HERRESRAL,
ot of e Slasesh Backed ShiicHiketispdskiEbetieriy the Magnstislaper g the
pl aneintensity ratio tQ 1(002) (9%, m smatching between Co and Ru (% hal f

wi dt h (de@mderlpymroTheombomediate daysr. iscmnposeslishamonmagnetic be

seen fromthe Table 1, weak peaks of Co (101) at about 28 = 30 and Co (110)

at about Zfetalléc substaswevathinlyastsinpozsed of be dP moteedeneak seledted
(002) at about 28 = 28. The spacing of lattice planes of cobalt conposing

th ¢! ' d 3 Ko E '
e TS Y o B ARABECAIIAION, AR AR ABHE Lot
alignment plane parallel to a deposition surface of the substrate is an

hep (100) plane.

Advantageously, the ferromagnetic crystalline grains in the

10 magnetic layer are composed of a CoPt alloy containing at least one
element selected from Cr, Ni, and Ta. A degree of lattice
mismatching Aa is at most 6 % and a degree of lattice mismatching Ac
is at most 4 %. The ratio Aa/Ac is at least 1.5. Here, Aa is a degree of
mismatching between a-axis lattice constant of the ferromagnetic

15 crystalline grain and a-axis lattice constant of the nonmagnetic
metallic substance composing the intermediate layer, and Ac is a
degree of mismatching between c-axis lattice constants of the two

layers.

20 The substrate is preferably made of plastic resin, such as

polycarbonate or polyolefin.

The substrate is preferably not subjected to intentional heating

prior to laminating the layers.



t he nonmagnetic internedi ate |layer Ru and the magnetic layer Co was 6.0 %
and the m smatching Oc between c-axis lattice constants of 15 the two

| ayers was 3.0 % These values of m smatching were |ower than the
theoretical “values. The ratio Da/Oc was 2.0. The Co (100) plane was found
to be the in-plane dom nant alignnment plane of the magnetic |ayer. 20
Figure 2 is a picture of a cross secti onal structure of the 9 nonmagneti c

intermed g4 Iayer taken by an el ectron transm ssion
m croscopeé ﬁ%ﬁﬁ#@ﬁ@%, rrage c | rms that the magnetic |ayer was
epitaxially grown fromthe internediate |layer. 5 Planar TEM observati on was
conducted to measure the grain size conposing these layers. The grain size
di stribution was_a noral dlstrlbutlon in both the internediate | ayer and

t he rragnetﬁqlgullﬁ/érls Frlrawmgddugtaating assexanaple efhaastructyne of at he
internediate 10 | ayer and the magnetic |ayer, respectively. The standard
devi at i on magrietic recbodihgtrhediaim svcoeding tiothé wrdseydrinveridow. dt h of
the grain boundary was 1.3 nm By virtue of reduction of the degree of

m smat ghi ng between the 15 lattice constants of the internediate |ayer and
the magnetic layer in the magnetic recording |ayer according to the

| moroved, 2 15 9o BN RIS sHoRhBalRRE B iy TRENES o A R Gt

enough m ni mz d and t e bo aries of the grains were clear. 20 A Copt
with the d’@&&é‘ flgdﬁl kample Jas used for the ferromagnetic
crystalline grains in the magnetic layer 4 in this Exanple 1. However,
other Copt alloy with different conposition containing at |east an additive
el ement selected fromCr, N, and Ta 10 can al so be used.

Aspects of embodiments of the invention

10 Now, some preferred embodiments of the present invention will

be described with reference to the accompanying drawings.

Example 1
Figure 1 is a drawing illustrating an example of construction of a
15 structure of a magnetic recording medium according to the present
invention. The magnetic recording medium has a layered structure
comprising a substrate 1 and the layers laminated on the substrate,
the layers including an underlayer 2, a nonmagnetic intermediate
layer 3, a magnetic layer 4, a protective layer 5, and a liquid lubricant
20 layer 6. The underlayer 2 is a film made by means of DC sputtering.
The nonmagnetic intermediate layer 3 was deposited on the
underlayer by means of DC sputtering. The magnetic layer 4 of a
cobalt alloy was epitaxially grown on the nonmagnetic intermediate

layer 3.



Al t hough the nonmagnetic internediate | ayer 3 was deposited using a

rut heniumtarget, other netallic substances conposed 5 substantially of at

| east an el ement selected fromRu, Gs, and Re can al so be used. Conparative
Exanpl e 1 A'magnetic recordi ng medi um was produced under the same 10
conditions as in Exanple 1 except that the magnetic |ayer of a cobalt alloy
was deposited using a target of CosoCrl2Pts added with 8 nol of Si02 in

Conpar ati ve 'sﬁﬂstrg?gllﬁ]egd gfﬁ;%‘?ﬁ%# %ﬁpgfrﬂe ﬁ%ﬁéel?@%’x’(féﬁ eter

diffraction analysis on ctures in t nonmagnet |

recor di ng thadedit aais FeRBERUH paidlzeasbanate ShERL Ol TR ( 002)

(9% m smat ching between Co and Ru (% half width (deg)Co (100)176.80.51Co

(002) 1004 sstbgate was)deaned. andointroducerd mtoa gputtering apparatus.
An underlayer 2 of CrsoMozo with a body centered cubic (bcc)

5 structure was deposited by a DC sputtering method. A nonmagnetic
intermediate layer 3 with the thickness of 30 nm having the hcp
structure was formed on the underlayer by means of a DC sputtering
method using a ruthenium target at a deposition rate of 2.3 nm/sec
under a discharging argon gas pressure of 30 mTorr.

10

Subsequently, a magnetic layer 4 with the thickness of 10 nm

was formed by means of an RF sputtering method using a target of
Co76Cr12Pt12 containing 10 mol% of SiO2 under a discharging argon
gas pressure of 5 mTorr. The magnetic layer 4 has a granular

15 structure consisting of ferromagnetic crystalline grains with the
hexagonal closest packed (hcp) structure and nonmagnetic grain
boundary region mainly composed of oxide intervening between the
ferromagnetic crystalline grains. After laminating a carbon
protective layer 5 with the thickness of 8 nm, the laminated substrate

20 was taken out from the vacuum chamber. Finally, a liquid lubricant
was applied to the 1.5 nm thickness to form a liquid lubricant layer 6.
Thus, a magnetic recording medium was produced. Prior to these
laminating processes, no intentional heating of the substrate was

conducted.



As the result shows, the weak peaks of Co (100), Co (101), and Co (1l0)
were observed at around 28 = 26, 30, and 46, respectively, in addition to
an intense peak of Co (002) appearing at around 2B = 28. The spacing of

| attice planes of the cobalt conposing 5 the nmagnetic | ayer increased a
little. The m smatching between the a-axis lattice constants of the
rutheni umof the internediate |ayer and the cobalt of the magnetic Iayer

% The val ues GDEnS SHaRs e hesuRoe %‘Zlgf‘?“;ﬁénugﬁ HE SR ot

%
ot edoni nath Shaicrgseal shudiig 87 chg: thv Tabgidrted ?%k&mealﬁﬁ%ﬂamand

observation on the rra netic |ayer shovved that the width of the grain
boundary ItBQ magpeticdaysn. and” sone regi ons 15 exi sted where the boundary
of grains was unclear. Planar TEM observati on was conducted to neasure the
grain size in these layers. The grain size distribution showed a

di stribution having the peaks around the grain sizes of 4 nmand 9 nm The
averags 9'Rdblesize was 4 nm and the standard deviation was 1.8 nm The

wi dth of the grain 20 boundary was 1.0 nm The above results have indicated
that when the lattice m smatchi ng between the nonmagnetic internedi ate

| ayer and the magnetic |ayer
val ue,

i s approxi mately equal

to the theoretical

t h

e 13ndex of
lattice plane

intensity ratio
to 1(002) (%)

mismatching
between Co

and Ru (%)

half width
(deg)

Co (002)

100

3.0

0.80

Co (101)

9

5.5

1.09

15

6.0

1.21

Co (110)

As can be seen from the Table 1, weak peaks of Co (101) at about

260 = 30° and Co (110) at about 20 = 46° are observed in addition to the
10 intense peak of Co (002) at about 20 = 28°. The spacing of lattice
planes of cobalt composing the magnetic layer has been increased by
about 3 %. The mismatching Aa between a-axis lattice constants of
the nonmagnetic intermediate layer Ru and the magnetic layer Co
was 6.0 %, and the mismatching Ac between c-axis lattice constants of
15 the two layers was 3.0 %. These values of mismatching were lower
than the theoretical values. The ratio Aa/Ac was 2.0. The Co (100)
plane was found to be the in-plane dominant alignment plane of the
magnetic layer.

20 Figure 2 is a picture of a cross sectional structure of the



alignment and crystallinity are inhibited and the formati on of favorable
granul ar structure is adversely affected. Conparative Exanple 2 5
Crystallinity was eval uated for a magnetic recordi ng nedi um produced by
using tantalfumw th a body centered cubic (bcc) structure for a nonmagnetic
I nternmedi ate | ayer in Conparative Exanple 2. The magnetic recordi ng medi um
of Conparative Exanple 2 was produced under the sane conditions as in

Exanple 1 : ' | r m
Tabl e 5 sHBAfiERUCTHter oA IEPARA BB EHETATES kf Byat
crystal struciures in the i.nternedi ate | n h netic |la of the
Chie. pr oqulEabiiy feaRemisith micestans ChEMED The THI Mnge Mitiets

pl aneintensity ratio to 1(002) (% m smatching between Co and, Ru (% hal f

wi dt h that the magnetic layer was epitaxially grown from the intermediate

layer.

Planar TEM observation was conducted to measure the grain
size composing these layers. The grain size distribution was a normal
distribution in both the intermediate layer and the magnetic layer.
The average grain sizes were 6 nm and 4 nm for the intermediate

10 layer and the magnetic layer, respectively. The standard deviation
was 1.3 nm for both grain sizes of the two layers. The width of the

grain boundary was 1.3 nm.

By virtue of reduction of the degree of mismatching between the
15 lattice constants of the intermediate layer and the magnetic layer in
the magnetic recording layer according to the invention, crystallinity
and crystal alignment of the magnetic layer were improved, and the
crystalline grains composing the magnetic layer were enough
minimized and the boundaries of the grains were clear.
20
A CoPt with the composition of Co76Cri2Pti2 was used for the
ferromagnetic crystalline grains in the magnetic layer 4 in this
Example 1. However, other CoPt alloy with different composition

containing at least an additive element selected from Cr, Ni, and Ta

10



(deg)'Co (100)458.40.98Co (002)10012.12.02Co (101)1207.01. 72Co
((110)127.21.56 As the result shows, the weak peaks of Co (100) and Co (110)
20 were observed at around 28 = 26 and 46, respectively, in addition to 13
i ntense peaks of "Co (002) and Co (101) appearing at around 28 = 30 and 28,
respectively. The spacing of lattice planes of the cobalt conposing the
magnetic | ayer increased a |little. The m snmatchi ng between the a-axis
lattice c f rut heniumof the 5 internediate |ayer and the
cobal t on#ﬁ%a#%gP%iP%gﬁayer was 8 % and the m smatchi ng between the
c-axis lattice constants of the two substances was 12 % which is a
remarkably | arge value. The alignnent of the nagnetic |ayer was
denonstrated to be nearly random 10 Pl anar TEM observation on the_ nagnetic
| ayer showed shough ket nonmagaegicintamnedaate laygess was depositedhd
sone regions exi sted where the boundary of grains was unclear. The grain

si ze neaswgimgna rutdisigs tdapal otdne aiaballiel stbefadéentoansosdd 15
standard deviation of 2.7 nm The width of the grain boundary was 1.0 nm
The abgve (K ¢ adi \ DNg ty

const ot & TR of ACIEASE fu} SN IR cEIRORISIRIARDY Gy AAURESan, |
when t he c¢-axi tty ce msmatchi ng between the nonmagnetic internedi at ed

| ayer andzﬂgélﬁagﬁ%¥*c | ayer is remarkably | arge value of 10 % or nore, and
the material of the nonmagnetic internediate | ayer does not have the hcp
structure that is the structure of the cobalt of the magnetic |ayer, the
crystalline 14 grains in the magnetic |ayer randomy orients and the
grain si z&ComparativeEExampledneti c conversion characteristics were
conpared 5 anong the magnetic recordi ng nedia of Exanple 1, Conparative

A magnetic recording medium was produced under the same
10 conditions as in Example 1 except that the magnetic layer of a cobalt

alloy was deposited using a target of CosoCri2Pts added with 8 mol %

of SiOz in Comparative Example 1.

Table 2 shows the result of in-plane X-ray diffraction analysis on
15 the crystal structures in the nonmagnetic intermediate layer and the

magnetic layer of the thus produced magnetic recording medium.

Table 2

index of intensity ratio mismatching half width

lattice plane to 1(002) (%) between Co and (deg)

Ru (%)

Co (100) 17 6.8 0.51
Co (002) 100 4.6 1.58
Co (101) 65 7.0 1.10
Co (110) 10 7.2 1.06

20
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Exanpl e 1, and Conparative Exanple 2. Table 4 summarizes the nagnetic
properties neasured by a vibrating sanpl e magnetoneter (VSM and the
recording 10 performances of the magnetic disks. The recording perfornmances
were measured using a spinning stand tester with read-back output of

I sol ated read-back pulses at a |linear recording density of 400 kFCI. Table
4 15 Exanple or Com ExHe (Qe)SS*Noise (p.V)SNR (dB)Exam | e

21, 8300. ;28 i%ﬁ%tﬁééfe%?ﬁﬂ‘s?#ﬁéapﬁé‘%?x#anééﬁ% o‘fﬂﬁgoﬁ@;@et.c recording
el o RIS i Db Soead 3 Shomsis S5 SR 8,
w th Conparative, Exanpl e 2. The SNR has been |n§g§&\;ed 83/@\21)2 % as conpar ed

wi t h Conpaeapectivelymheadditndndio ab mtensespea appearangtate
Exanpl es 2. The magnetic recordi ng nedi umof Exanple 1 perforned high

coercive faaigemdiQ0 Bo28° t thé gpaicengssf Fattice plands ofelroesbalt éymposing

squareness ratio S* in Exarrp e 1 are nearer to unity (i.e., nearly square)

as conpar n se
per f o[@rranggls \A%Aﬁ/eigﬁ [ ou %)H&tel%%@ %rlglrlg)t\/lgnedlr;ﬁemécr ys@lﬁga%k ﬁreé%ﬂ_ﬁé
alignnment in th netlc a er t he di.um 1 i ch
decr ease |anatxﬁ%(iﬁg€]g?&9r¥ﬁ q‘ﬁp{ﬁ]a ﬁﬁqw@r%%@n& m?(h@t\éﬂ@yﬁﬁ’gnet iC
| ayer epitaxial. Further, the m smatching between
and the cobalt of the magnetic layer was 6.8 %, and the c-axis lattice
constants of the two substances was 4.6 %. The values of the
mismatching were nearly equals the theoretical values of the

10 mismatching. It was indicated that Co (100) plane was

predominantly aligned in the plane of the magnetic layer.

Planar TEM observation on the magnetic layer showed that the
width of the grain boundary region was narrow and some regions
15 existed where the boundary of grains was unclear. Planar TEM
observation was conducted to measure the grain size in these layers.
The grain size distribution showed a distribution having the peaks
around the grain sizes of 4 nm and 9 nm. The average grain size was
4 nm, and the standard deviation was 1.8 nm. The width of the grain

20 boundary was 1.0 nm.

The above results have indicated that when the lattice
mismatching between the nonmagnetic intermediate layer and the

magnetic layer is approximately equal to the theoretical value, the

12



10 axis lattice constants of the magnetic | ayer and the nonnmagnetic
i.nternmedi ate | ayer was made not l|larger than 6 % and the m smatchi ng of
c-axis lattice constants not larger than 4 % As a result, the grain size
of the crystalline grains conposing the nmagnetic |ayer was decreased and
the interaction between the nmagnetic 15 crystalline grains was suppressed
by pronotion of segregation to the grain boundary region, |eading to the

reducti on iS85S d [Re1012 n . X e i chi ng
bet ween tﬁi&%ﬁzﬁi %ﬁaa?}gﬁ%m%% ﬁbﬁi@ﬁ%‘@tﬁ“ﬁautﬂéeﬁﬁﬁaéﬁgn Ir@;er IS
further favora contrqglled, then hetter electr netic conversion
char acter?%Y?E%bﬂ)ﬁedgrBB @Hi%&'b’&tuﬁx\ﬁrﬁ‘iﬁ%ﬁéYE@ﬁggge‘if the invention As
described so far, by optimzing the lattice matching between 16 t he
nonmagnetic intermedi ate | ayer and the magnetic |ayer according to the

present invention, inprovement of crystallinity and alignnment in the

magneti ¢ ICGudparedive xemplee2grai n size, and pronotion of grain boundary
segregati on can be acconpli'shed. Thus, a magnetic 5 recording |ayer with

| ow nat se and(ﬁgg&% : ?;rwg i I %‘H%tt i ;
characteristics ha?hﬁgét pr ov%ge%&a%%ggaﬁ)?eé?ﬁg gr alﬁﬁrgggﬁggi qggg%%glati on
of oxi des_can_be onot ed ontrolldng tthey,structurge ofy i nennmagneti c
70 {nt er nespauEedhE Ry BotRbAL withaiPdy, coRigred dibia BT ha "ot i ns
can be reduced. Consequently, a nmgnetic regording nedi ym according to the
present | AlEnetwre ora npnmagnetic mtprnedipke dayredncyompaaatiig i cient |y
hi gh coercive force at the roomtenperature. Therefore, stable high density
recor di ng Kxeaniyde18. dEhe anagnetio recortdenghhediunt off6omepadativer bances. 20
17 Clainms 1. A magnetic recording nmedium conprising a substrate and

layers se@eatrple 2 wagipijdgcad urdes the! saife codnditions as inchsdniplerl

nonnmagneti ¢ underl ayer having a body centered cubic (bcc) 5 lattice
SUTUCLYTr gxcept that the intermediate layer was composed of tantalum.

Table 3 shows the result of in-plane X-ray diffraction analysis on
the crystal structures in the intermediate layer and the magnetic

layer of the thus produced magnetic recording medium.

15
Table 3
index of lattice | intensity ratio mismatching half width
plane to 1(002) (%) | between Co and (deg)
Ru (%)

Co (100) 45 8.4 0.98
Co (002) 100 12.1 2.02
Co (101) 120 7.0 1.72
Co (110) 12 7.2 1.56

As the result shows, the weak peaks of Co (100) and Co (110)

20 were observed at around 20 = 26° and 46°, respectively, in addition to

13



a magnetic |layer having a granul ar structure consisting of ferromagnetic
crystalline grains with a hexagonal closest packed (hcp) structure and
nonmagnetic grain boundary region of mainly oxide intervening between the
ferromagnetic crystalline grains, 10 a protective layer, and a |iquid

| ubricant layer. 2. A magnetic recording nmediumaccording to claim further
conprising a nonmagnetic internediate |layer with hcp structure, 15 wherein

Subst 2&?{ IFFLRSE REURS diCh “?@29ﬁ%ﬁf%ﬁgﬂlﬂﬁmiﬁ%gﬁ?%ﬁ%ﬁna@%9° and
Re. : ' . po

cur face oridShonranaetvE R stheiarn Rt Tt SpTns At thogibaly "
magneti c recording diumaccording to claiml or ¢laim?2, wherein the
ferr omgn&qmp@sy@g%egmg@ebwglmwaﬁe aditleal The mysmatochiggt

| east one el enent selected fromCr, N, and Ta, and a degree of m smatching

Da is at rstwéefotlre degxielatitids constams ofi tle Pathendtimrestthe % and a
ratio Da/Cc is at least 1.5, where Da is a degree of m smatchi ng between an

a- axi sg| atih'vceﬁnféwis&t@nfaﬂfr 5@3 {1ee rces%q%tfiﬁlechyefg@étiicn& PlhPBD2And

a-axis lattice constant “of the nonmagnetic neta subst'ance conpoding the
I nt er medi L S gree -ofy _mismat ching bet n.a c-axis

| attice cg’??get g?ﬁsmgiz?}ﬂﬂ{]élggﬁ&;r%ﬁ&&%cé @sﬁr‘gtléﬂ%% %%qaﬁl%aﬁﬁg%{?s

| attice constant of the neti.c.netallic s t ance conposi t he

| nt er nadi AUDStARGES W@m?gmﬁ&hemgemﬂéﬁ%ﬁfm% Bg: b e any one
of claims 1 through 3, wherein the substrate is conposed of a plastic
resin. 5. aligagrent of theomngnetisdlayemwas demgonstratedbe he nebpxlys 1
through 4, wherein the substrate is not subjected to intentional 15 heating

prior to lramdeti.ng the | ayers. 20 19
AT ACA AY. A5 AL AY. AR A CAY. ALLAY.ALLA3L A ALLA AL A 2SX" =S

10
Planar TEM observation on the magnetic layer showed that the
width of the grain boundary region was narrow and some regions
existed where the boundary of grains was unclear. The grain size

measurement indicated the average grain size of 10 nm and the

15 standard deviation of 2.7 nm. The width of the grain boundary was

1.0 nm.

The above results have indicated that when the mismatching of
lattice constants is approximately equal to the theoretical value,

20 particularly when the c-axis lattice mismatching between the
nonmagnetic intermediated layer and the magnetic layer is
remarkably large value of 10 % or more, and the material of the
nonmagnetic intermediate layer does not have the hcp structure that

is the structure of the cobalt of the magnetic layer, the crystalline

14
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Table 4 summarizes the magnetic properties measured by a
vibrating sample magnetometer (VSM) and the recording
10 performances of the magnetic disks. The recording performances
were measured using a spinning stand tester with read-back output

of isolated read-back pulses at a linear recording density of 400 kFCI.

Table 4
15
Example or | Hc (Oe) S S* Noise (pV) | SNR (dB)
Comp Ex
Example 1 3,856 0.98 0.83 46.7 13.5
Comp Ex 1 2,742 0.71 0.68 68.0 12.0
Comp Ex 2 1,830 0.45 0.41 76.7 10.2

As indicated in Table 4, the magnetic recording medium of
Example 1 resulted in the reduction of noises by more than 30 % as
compared with Comparative Example 1 and more than 40 % as

20 compared with Comparative Example 2. The SNR has been improved
by 12 % as compared with Comparative Example 1 and by 25 % as

15
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sy, & 10%& () - 33(10%& ()- %$10%& ()-3 @10% & ()- OxnbC3S5#10! Y10%&! () -
10m 10m 10mP10%& ()-Y9 10%v& ()- sl 7Y10%m& () -

F3MLO%T& () - OQTWZAEMbC3S5#10!  10%1& ()- 10%1& ()- 0310%1& ()- & 10%T& () -

Lot ). SR R B G, T T AR O

UL0%E () - - ! $10%Mme! o S94.0
& () -1 soa dBRAIym dxahipld §adetpsm v Digh gaseeive fores  Hou Btk the @ 10m
10

" squareness ratio S and the coercivity squareness ratio S* in Example

1 are nearer to unity (i.e., nearly square) as compared with
5 Comparative Example 1 and Comparative Example 2. These

performances were brought about by improvements of crystallinity
and alignment in the magnetic layer of the medium of Example 1, in
which decrease in the lattice mismatching made the crystal growth of
the magnetic layer epitaxial. Further, the mismatching between a-

10 axis lattice constants of the magnetic layer and the nonmagnetic
intermediate layer was made not larger than 6 % and the
mismatching of c-axis lattice constants not larger than 4 %. As a
result, the grain size of the crystalline grains composing the magnetic
layer was decreased and the interaction between the magnetic

15 ecrystalline grains was suppressed by promotion of segregation to the
grain boundary region, leading to the reduction of noises and the

improvement of SNR.

If the lattice matching between the magnetic layer and the
20 nonmagnetic intermediate layer is further favorably controlled, then

better electromagnetic conversion characteristics can be achieved.

Advantageous Effect of the invention

As described so far, by optimizing the lattice matching between

16
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L109%&: ()-3 3Beeamse)the graindmmidary segregation of oxides can be

promoted by controlling the structure of the nonmagnetic

10 intermediate layer, interactions between the magnetic crystalline
grains can be reduced. Consequently, a magnetic recording medium
according to the present invention even with minute magnetic
particles can hold sufficiently high coercive force at the room
temperature. Therefore, stable high density recording can be

15 achieved with little effect of thermal disturbances.

20
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Y2} DHVZQUSWhezei nj the fexsomagme tivsrgste-grains are composed of a CoPt

alloy containing at least one element selected from Cr, Ni, and Ta,

and a degree of mismatching Aa is at most 6 %, a degree of
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mismatching Ac is at most 4 %, and a ratio Aa/Ac is at least 1.5, where
Aa is a degree of mismatching between an a-axis lattice constant of
the ferromagnetic crystalline grain and an a-axis lattice constant of
the nonmagnetic metallic substance composing the intermediate

5 layer, and Ac is a degree of mismatching between a c-axis lattice
constant of the ferromagnetic crystalline grain and a c-axis lattice
constant of the nonmagnetic metallic substance composing the

intermediate layer.

10 4. A magnetic recording medium according to any one of claims 1

through 3, wherein the substrate is composed of a plastic resin.

5. A magnetic recording medium according to any one of claims 1
through 4, wherein the substrate is not subjected to intentional

15 heating prior to laminating the layers.
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