V 9 SEP 2005 Magnetic recordi ng nmedium Technical field of the invention The
present invention relates in general to a magnetic recording 5 nedium and
in particular to a magnetic recording mediumthat exhibits excgll ent
magneti c properties and el ectronmagnetic conversion characteri sﬁ c‘gknp 2005
stability against thermal disturbances, and allows high recording density.
10 Background of the invention A nagnetic storage device is one of

i nformation r i ' - sypport highly informational society in
recent years.3&§gﬁngﬁg§ég§%ﬁg$Eﬁ%@%@#&tion to vast anounts, nagnetic
recording nmedia wused in magnetic storage devices are forced towards higher
recordi ng 15 density and | ower noi se. Achieving high recording density
needs mnim zation of a unit _size of inversion of magnetization, which in
turn requi Teehmieal fiedd pfcthe igvansion ze. Lowering of noises needs
reduction of fluctuation of nmagnetization due to nmagnetic interaction

bet ween grai n§he preddntiinvertivherelaves énggenersl tea Ahgoetiddreessdihgse
probl ens, a variety of proposals have been nade including conpositions and

structar esnefli@m"agREih hd@iCalarfd a AREhefeSrd@rdinBoRiEUeh ithatnder | ayer

and a seed layer. Anobng  them a type of nedium has been proposed having a
so called Ly\{hERcEA80t magnetic properties and electromagnetic

conversion characteristics, stability against thermal disturbances,

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



granul ar magnetic | ayer consisting of magnetic crystalline grains and
nonmagnetic matrix of an oxide or a nitride surrounding the crystal

grains. In a nmediumincluding a granular structure, the magnet%g Sl-:g;rgdgs
are nearly perfectly isolated magnetically from each other by viTt 8 of

t he i nterveni ng nonmagneti c substance. Since the mnimum nagnetization
unit can be the size of individual grain, which is 4 to 10 mu, high
recordi ng | | ' . ' ' | ' : LJes,
exchange fgg.ﬁgﬁie}%%i%lﬁdgge% mgteihﬁf}&gcog{rsallgns Srq*ééggg?é%gf%%dgﬁgﬁépg?%%‘?%?&%

t he nonmagnetic nmatrix suryroupdi ng 19 each ain. United,States Patent No.
5. 670, 473 BorynagHs inakrecPPascOxide SFD Tkt vl IR RE SRS S Akl ar
recording filmhaving a structure_.in which each magnetic crystalline grain
is separagﬁalﬁ§-aﬁhﬁd@wﬁﬁp@nﬂgﬂbidu@g§Ugranﬁ§ﬂﬁ§trﬁét@¥%ﬂﬁheTH@ggmﬁﬁhlar
recording filmin the reference can be forned by deposition enploying RF
sput t er i ngrasns@reanearheperfe@dixiiBolatec naagndtidallse fromaeachiathexuby as
Si2. In such a granular magnetic film since a nonmagnetic and

nonnmetil | vgrittn e thehteeebhingaRéh il £enetic s WBSRA¢E. Fiaks tHRaiglintum

I nteraction 20 between the magnetic grains dimnishes. So the formation of
zi gza LE; TR | 1.4 r ; -Aar| L 4
region o taenebiRiBh Wt cah e R SRR ilAvidhiad Sath, SRR U AL,
2 e o 1B R hh SRenPafce SRty Y SOSib B4 Teddt i mibReeom™! | S

a magneti

dimension. Besides, exchange interaction between the grains is
expected to be suppressed by the nonmagnetic matrix surrounding

10 each grain.

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 SiOz. 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.



excel l ent el ectromagneti c conversion characteristic using a granul ar
magnetic | ayer, the oxide such as Si2 and the cobalt alloy that are 5
contained in the target need to be well separated in the deposit®d SEP 2505
magnetic layer. It is also inportant to nake the size of the nagnetic
grain small to reduce noises. If a degree of m smatching between a c-axis

| attice constant of 10 the magnetic |layer and a c-axis lattice constant of

the inter 'Ft‘mfib?n taV5E Sbg‘,?&tbe}} g@é iRAhi3oe however, the m smatching
1 Ts €epi

bet ween t he ayers 1 nhi axial ‘grow h of the magnetic |ayer
deposited on he {nternedi ate .l ayer and adversely. affects alignyent and
crystal &in tyLBrond @ £ VEComBlis® S aAgnale Feifrdinik oREt R ol ayer . 15
and further, inhibits segregatioon of the oxide fromthe cabalt all oy
particles .exg@il@sgeefqﬁggnpa&n@wﬁr@n‘é%@mn charaetanishicorsingagrarghat i
conversion characteristics, control of the lattice matching is required 20

bet ween t heagnesiciayer,cthepandamiidthasiBifdetind thgaohalt radboy ¢hateairea
noi se. The present invention has been made in view of this problem and an

obj ect5of chhg¢aine@in thie itarketRicud €6 be Wl‘%bi;féﬂa%@drﬁi tHe Wb SsibER 2005

medi um t hat exhi bits excellent magnetic properties and electromagnetic

o o g TARREREE RySL! T81s #)Sonifbktant 8 Hhake thOSIAR of thet HAEAEER:
i nventi on have mad?l xtensi ve .
grain small to reduce noises.

If a degree of mismatching between a c-axis lattice constant of
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



studies on lattice matching between crystalline grains of the nonmagnetic
I nternmedi ate layer and in the nagnetic layer in a nagnetic recording nedia
havi ng a granul ar magnetic layer, and found the follow ng factg.g Fee 9%
conditions of lattice constants are 10 favorabl e when the degree of
m smatching Aa is not greater than 6 % the degree of mismatching Ac is
not greater than 4 % and the ratio (err)al/(err)c is not smaller than 1.5;
where As i - “HT ' | = axl s ' const ants
bet ween tr@eﬁgﬁﬁgﬁgﬁ iE\ec}&FIrEjtlg?%%g{ée}& Tﬂa%éggﬁg)m&ntg‘g%?tﬁ | ayer that are
made by spuyitering, and Ac is 15 the degree. of m smgtching, in the c¢-axis
'attice coiertiamgnttic copersion dharattcrishes and stabiltE aaaliThe. e
ferromagnetic crystalline grains cause favorable epitaxial growh in the
magnet i ¢ ftgwma ﬂ&@rb@rx%@ﬁowmge@efl&%m gbﬁ)ecgrdmgui@mmt is the
same structure as in the internediate |ayer. As a result, alignnment and
crystallinity in 20 the magnetic | ayer are inproved, and excell ent
performances in the recording nediumare achieved. Because of the little
m smatshing  MWHAiAPEnE6YS bﬁ'the“?r@é@hﬂin&zén‘tﬂﬁl ey ieslde ek teitive
crystalline grains in the nagnetic layer even with mnute grain size can
make  favaraRics B IAtiA paRh R beR AR RYLE NS bahink Of thd O SEP 2005
'S  deposi on a non I'c” Sintérmedr a

When a magneti ¢ layer ghe e |ayer

t hat dori nant | y_ali.gns_in i.h 100), .pl ane, wth.of crystalli
oraint | n A ReRir At Epbdidte b eatl i PRE maBRBli IVeF BT n The

a-axis direction_ that has poorer |attice

magnetic recording media having a granular magnetic.layer, and

found the following facts. The conditions of lattice constants are

10 favorable when the degree of mismatching Aa is not greater than 6 %,
the degree of mismatching Ac is not greater than 4 %, and the ratio
Aa/Ac is not smaller than 1.5; where Aa is the degree of mismatching
in the a-axis lattice constants between the nonmagnetic intermediate
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 (hcp) 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.



5 matching than the c-axis direction with better lattice matching.
Consequently the size of the cobalt alloy particles can be made snaller.
As a result of the hindrance of the crystal growth in the hori@@n$gt 2005
direction (i.e., the a-axis direction), segregation of oxide is found
pronoted in the grain boundary region of the hcp (100)-aligned 10
crystalline grains in the magnetic |ayer. Means to solve the problem To

lish th | ; t | ' di to th
acconmp’ 1 s VI & ﬁﬁlgﬁétmqa g d&é%@pﬁ?@%%ﬁgﬂlﬁﬁﬁg@ 'ng to the

present invention conprises a substrate an Ing a

nonmagnet i-c eri.-ayen, .a netic il aver rptective,l aver,

"br  cant iERIERER xR R PR daBtanfylRBERS bt the e (100 feancnas a
body centered gubi.c (bcci .structure. The magnetic |ayer 'hﬁ a granular

st r uct ur e EXOWSER Of kgystatlane gragns it the mpagnetde dayerup dniubiagbakithe

cl osest packed (hcp) structure and 20 nonmagnetic grain boundary region of
oxi de or epbaxrangreewshiin thadacnselinetctionsthat drasepoarer latting bet ween
the ferromagnetic crystal grains. Advantageously, a magnetic recording

nedi unkof rhhaechivgthiaanthe&-AxBEdi28Rohiwitle bettaplhstice amatehpaget i
intermedi ate | ayer with hexagonal closest packed structure di spoSed

bet ween t | M ' r i ayer is

composed. arOArobhEly. PHE"sIZ8i] (1 cUBRH AR patbiledCBTBE Add Ry o

more el eret 2 Ak eCASh Febblb tHe R ERIRAS o thebry tal BrodBHl ifthé
horizontal direction (i.e., the a-axis direction), segregation of oxide is

found promoted in the grain boundary region of the hep (100)-aligned

10 crystalline grains in the magnetic layer.

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



alignment plane parallel to a deposition surface of the substrate is an
hcp (100) plane. Advantageously, the ferronmagnetic crystalline grains in
the 10 magnetic | ayer are conposed of a CoPt all oy containing % I Qnug\ge
el ement selected fromCr, N, and Ta. A degree of lattice ms ch I ng

Is at nmost 6 % and a degree of lattice msmatching Ac is at nost 4 % The
ratio Aa/Ac is at least 1.5. Here, Aa is a degree of m smatching between

a-axi s | alfirfRef QBHhBRsed alSnfel AU it i FiteSTAldy HALE'RéRaBOHA]

a-axis lattice constant of t gnetic a stance conposl ng
the inter | at.e | r, anhnd Ac is. a d ee of msmatching.b C IS
acti e cQndodnt nagKEM it e dishoseabb Ry er LIS Tha R0t BoYBE R fiike
of plastic resin, schI, as. pol ycgrbonate or polyolefin., The substrate is
pr ef er abl ynderlaygreclbe intaraediabmayen s cegippsed ofta NOIHDAENHACt he
| ayers. 6 0 9 SEP 2005 Brief description of drawings Figure 1 is a draw ng

i || ustratimgtaliesubstance mainlycomposédaof omgroat imonecelemiiend sedeictead
according to the present invention. 5 Figure 2 is a TEM picture showi ng a

secti opal fpoiuatgrceupicondistitgt bf Rii O, dind RediAipredoniai®@he ckystabect s
of enbodi ments of the invention
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
1s 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.



10 Now, sone preferred enbodi nents of the present invention will be
described with reference to the acconpanying draw ngs. Exanple 1 Figure 1
is adrawing illustrating an exanple of construction of a 15 gth?Ep%ﬁ; of
a magnetic recording nedium according to the present invention. e
magneti c recording nmedium has a | ayered structure conprising a substrate 1
and the layers lamnated on the substrate, the layers including an

under | aye?ﬁefﬂﬁg?{gﬁgﬁ?fdﬁﬁﬁﬁﬁgi ate layer 3, a nmagnetic |layer 4, a

protectiv ayer Iqui ricant 20 layer 6. The underlayer 2 is
a filmmade by neans of DC sputtering. The nonmagnetic internediate |ayer
3 was deposited on the wunderlayer by neans of DC sputtering. The magnetic

| ayer 4 og‘?a cobal t 3I | oy, vvaﬁ epitaxially grown _on ftge nonmagnet. c

i nt er medi dtigureal, as azdraving Hiwstramnghan fxammle of a sdrugtute of4a n

substrate 1 with 3.5" dianeter nmade of a plastic resin such as

pol ycar bomaagnetiqoegmtdainghmddirimsabeording tathel presentimiventiommuced into
a sputtering apparatus. An underlayer 2 of Cr80M20 with a body centered
cubic gbcc) 5 structure was deposited by a DC sputtering nmethod. A
nonmagnetic internediate layer 3 with the thickness of 30 nm having the

ot hod uStABUEoraihanT i Braatte YRERnR ol e of RiE e

di scharal g & #iNk H88a RS St ik Smple 170"

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.



10 Subsequently, a magnetic |ayer 4 with the thickness of 10 nm was forned
by means of an RF sputtering nethod using a target of Co76Cr12Pt12
containing 10 nol % of Si 2 under a discharging argon gas pressfr® SEP 205
mrorr. The magnetic |ayer 4 has a granular 15 structure consisting of
ferromagnetic crystalline grains with the hexagonal closest packed (hcp)
structure and nonmagnetic grain boundary region nainly conposed of oxide

i nterveni ng bflheeanbsteaté *ideMpeehi fedihysiibstrdte Dnalths 3.3 Hednled@irnat i ng

a carbon protective layer 5 with the thickness of 8 nm the |am nated
ubr i cant g O BTRERR Forh? FUE Rk BRHYAEDORALE or OB ISEE TR cant
| aninati ngnbeele SRS RICAppdrAnd it er Rt T0 B LRt ing i pthis e
i 11 act | W GBI OToA afHeTenoramibhradodssoentered CRbICKRBR cat od

internediate |ayer and the magnetic layer. 5 Table 1 index of intensity
rati o & sstirabiuie eas depdtsited by a DC sputtering method. A nonmagnetic

intermediate layer 3 with the thickness of 30 nm having the hep
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
Co76Cri12Pt12 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.



| attice planeto 1(002) (% between Co (deg) and Ru (% Co (002)1003.00.80 Co
(101)95.51.09 Co (110)156.01.21 As can be seen fromthe Table 1, weak peaks
of Co (101) at about 20 = 300 and Co (110) at about 20 = 46 ar@goﬁgsmd
in addition to the 10 intense peak of Co (002) at about 20 = 28. The
spacing of lattice planes of cobalt conposing the magnetic |ayer has been
I ncreased by about 3 % The m smatching Aa between a-axis lattice

constants of TdislendryiroRstihe réselefhat i pdide Rerapdiffractiragnandykayer

Co was 6.0 % and the m smatching Ac betweén c-axis lattice constants of

15 the t 9 ' |
the theor oF E4F GyRFaL Sebpdlurky BEEREVINGE byilyreRt BNIMmIBISt BFEr e
found to t%gl the i n-@{c ne _dom nant alignment plane of the magnetic |ayer.

20 Fi gur e "2 11agHe €t a cross sectional structure of the 9 U9 SEP
2005 nonmagnetic intermedi ate | ayer and the magnetic |ayer taken by an

el ectron transm ssion mcroscope (TEM. The TEMinage confirnms that the
magnetic | ayer was epitaxially growmm fromthe internediate |layer. 5
5 Table 1
index of intensity ratio | mismatching | half width
lattice plane | to I(002) (%) | between Co (deg)
and Ru (%)

Co (002) 100 3.0 0.80

Co (101) 9 5.5 1.09

Co (110) 15 6.0 1.21

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



Pl anar TEM observati on was conducted to neasure the grain size conposing
these layers. The grain size distribution was a normal distribution in
both the internediate | ayer and the magnetic |ayer. The averag&a Egl n
sizes were 6 nmand 4 nmfor the internediate 10 | ayer and the S 12006
| ayer, respectively. The standard deviation was 1.3 nmfor both grain
sizes of the two layers. The width of the grain boundary was 1.3 nm By

virtue of Hatimedrmstiefinteenirtinge 1afyer sAHL tHE Magﬁbmem}té}etakénlwtdrpe

constants of the internediate |ayer "and the magnetic |ayér in the nagnetic

recordi ng eq@/@mﬁ%g{r{llgs]}d}l tn*ff‘cxjo%%spbi .ygfn}gé TEm Ymdgkg Fﬁhi’ﬁ&ﬁ‘é

alignnent 0 magn ayer were ftnproved, the " Cry I ne grains
conposi ng,th netic layer were enough . iy nim zed.and the .boundarj.es of
Che or ai nthat e Pl et Rivaohag PRt e A bhBEoRT oo Ls 186t BIciathas
used for the ferromagnetic crystalline grains in the magnetic layer 4 in
this Exar@yeri. However, other CoPt alloy with different conposition
containing at |east an additive elenent selected fromCr, Ni, and Ta 10 0 9

SEP 205 can al so be used. Although the nonmagnetic intermedi ate | ayer 3
was deposited wusing a rutheniumtarget, other netallic substances conposed

5 substant| al pjaphT HHebsa¥ylionPiasedRatieted toiidas P theddincan
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 Co7Cri2Pti2 was used for the
ferromagnetic crystalline grains in the magnetic layer 4 in this
Example 1. However, other CoPt alloy with different coniposition

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

10



Conparative Exanple 1 A magnetic recordi ng nedi um was produced under the
sane 10 conditions as in Exanple 1 except that the magnetic |ayer of a
cobalt alloy was deposited using a target of Co80Cr12Pt8 addedd\ﬁt 8 m)l
% of SiQ2 in Conparative Exanple 1. Table 2 shows the result o

X-ray diffraction analysis on 15 the crystal structures in the nonmagnetic
internediate |ayer and the magnetic layer of the thus produced magnetic
recordi ng gL IdB héalRsed2 i ndex of intensity ratio msmatching half wdth

| attice planeto 1(002) (% between Co and (deg) Ru (%9 Co (100)176.80.51 Co
(002) 1004.61.58 Co (101)657.01.10 Co (110)107.21.06 20 11 0 9 SEP 2095 As
the result shows, the weak peaks of Co (100), Co (101), and Co (110) were

observed at aiﬁ%ﬂoug% Eh(ZaGnor?glagrrl]gtlé Intermediate layer 3 was deposited

using a ruthenium target, other metallic substances composed
5 substantially of at least an element selected from Ru, Os, and Re can

also be used.

Comparative Example 1
A magnetic recording medium was produced under the same
10 conditions as in Example 1 except thaiI: the magnetic layer of a cobalt
alloy was deposited using a target of CosoCri2Pts added with 8 mol %

of Si02 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 I(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

11



respectively, in addition to an intense peak of Co (002) appearing at
around 20 = 28. The spacing of latticé planes of the cobalt conposing 5 the
magnetic | ayer increased a little. The m smatchi ng between the g-s?ﬁiéms

| attice constants of the rutheniumof the internediate |ayer gnd

cobalt of the magnetic |ayer was 6.8 % and the c-axis lattice constants
of the two substances was 4.6 % The values of the msmatching were nearly

equal s the thegy Ehécx@s%ﬁls_‘l'ﬁﬁv@,r tFi@fWéQk hSAREOT M8 -(1000)Was i ndicated that

Co (100) plane was predom nantly aligned in the plane of the magnetic

| ayer. Pl [ et wegnb ot iodt h
of the gr?@z%ﬁxﬁ@e@égﬂﬁé@vﬁgﬂﬁ%%a@é@&%?ﬁs‘ gg ‘e |Stge}c?1d ete
t he boundary of , grains was,unclear. Rlanar TEM. o rvatjQn was conducted
o roasar dEFRECHVETH T A IIoRdocAn dpdPase Beakgtcn G102 BERF Uk An

showed a distribution having the peaks around the grain sizes of 4 nm and
9 nm The axound)€6hFR8’. s\The spacing ohlasticet pkaresotithe ebalitcaompasing. 8
nm The width of the grain 20 boundary was 1.0 nm The above results have

i ndi caj ed theamagheetitHayeztiicreasedsaditthe nd'he miaan attbhingrivelgnee hcthe
internmedi ate | ayer and the magnetic layer is approximately equal to the

theoretical-gypd Pﬁttiﬁ;@%{)ﬁ%tgﬂﬁm}?é E‘P@H%Pﬁuﬁi“i')f%ﬂésiﬁﬂé .IﬁbHXil?é Tﬁz@f‘i bi t ed

and the formatl on o avorabl e granular structure is adversely afttected.

Conpar ati y¢ FRARIGHAt 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



5 Crystallinity was eval uated for a nmagnetic recordi ng nmedi um produced by
using tantalumw th a body centered cubic (bcc) structure for a
nonmagnetic internmedi ate |layer in Conparative Exanple 2. The q&gn@%ﬁ&
recordi ng nmedi um of Conparative Exanple 2 was produced under t 005
conditions as in Exanple 1 10 except that the internedi ate | ayer was
conposed of tantalum Table 3 shows the result of in-plane X-ray

di ffracti o ' - : j | i@t e | ayer
and 1 ho. e B B e i i 15
Table 3 i ' LN S| r-at | ) t chd alf width planeto
1(002) (%?%%&ﬁbké %Eﬁﬂ%%té?mﬁmﬁoﬁ @“%%@4%@9%‘?@8 Co (002)10012. 12. 02
Co (101)1207.01.72 Co (110)127.21.56 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
omparative Example 2

5 Crystallinity was evaluated for a magnetic recording medium
produced by using tantalum with a body centered cubic (bce)
structure for a nonmagnetic intermediate layer in Comparative
Example 2. The magnetic recording medium of Comparative
Example 2 was produced under the same conditions as in Example 1

10 except 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 8.4 098
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



0 9 SEP 2005 intense peaks of Co (002) and Co (101) appearing at around 20
= 30 and 28, respectively. The spacing of lattice planes of the cobalt
conposi ng the magnetic layer increased a little. The mi smatchi y9 Sk %N
the a-axis lattice constants of the rutheniumof the 5 internedi ate | ayer
and the cobalt of the magnetic |layer was 8 % and the m smatching between
the c-axis lattice constants of the two substances was 12 % which is a

remar kabl ynkahge ped ks of V6 (00L) HHE o €1 0t h e heCat VU0 = 30°

denonstrated to be nearly random 10 Pl anar M observation on the

e SR T B S,

The grain size measurenent indi,cated the average  graig size of 10.nm and
the 15 st SHEAPASHRS the BREReBCaTar easatha dfttiee LRSI AIHBMERIDE was
1.0 nm The above results have_ indicated that_ when the m smatchi ng of
lattice cheiwenrn the amwisdatites gorgtants of the rwidwriumaof theue, 20
particularly when the c-axis lattice msnmatching between the nonmagnetic

| nt er nidi aheermediateddyelreanddhet cobaltyef the magrestielhyeravgs 8 & uandf 10
% or nore, and the material of the nonmagnetic internedi ate |ayer does not

Pgﬁrf h?hgﬁ?r%tégﬁfi&%gr%%tvﬁe%ﬂ the T-a4Es Vaftieé comtanRa!df tHe th® magnetic
substances was 12 %, which is a remarkably large value. The
alignment of the magnetic layer was demonstrated to be nearly
random.
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



0 9 SEP 2005 grains in the nmagnetic |ayer randomy orients and the grain
size is large. Electromagnetic conversion characteristics were conpared 5
anong the magnetic recording nedia of Exanple 1, Conparative ?ﬁﬁgl e’nﬁs
and Conparative Exanple 2. Table 4 summari zes the magnetic proper 2
nmeasured by a vibrating sanple magnetoneter (VSM and the recording 10
performances of the magnetic disks. The recordi ng performnces were
neasur ed @Siaifsanstheé rinagn%tt@@@ay@ﬁ trah ddrafly 'lordenbaan dvheuraief siz‘éOisat ed
read- back pul ses at a linear recording density of 400 kFCl. Table 15
Exanpl e og fg (Ce) SS*Noi se (V) SNR (dB) Conp Ex Exanpl e
13, 8560. 9 8 %‘46. 713.5 Conmp Ex 12,7420.710.6868.012. 0 Conp Ex
21, 8300. 450.4176.710.2 As indicated in Table 4, the magnetic recording
medi um of Exanple 1 resulted in the reduction of noises by nmore than 30 %
as conpared th Conparative Exanple 1 _and nore than 40 % as 20 conpared
with Conpar at ifectsemagnetic peavanioncharact BW@%WGWCQED@&&COWM ed
wi th Conparative Exanple 1 and by 25 % as 15

5 among the magnetic recording media of Example 1, Comparative

Example 1, and Comparative Example 2.

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 | He (Oe) S S* Noise (uV) | SNR (dB)
Comp Ex
Example 1 3,856 0.98 0.83 46.7 13.5
CompEx1 | 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



0 9 SEP 2005 conpared with Conparative Exanples 2. The magnetic recordi ng
nmedi um of Exanple 1 performed high coercive force He. Both the squareness
ratio S and the coercivity squareness ratio S* in Exanple 1 arge?rs@-pr to
unity (i.e., nearly square) as conpared with 5 Conparative Exanple 1 and
Conparative Exanple 2. These perfornmances were brought about by

| nprovenents of crystallinity and alignnment in the magnetic |ayer of the
nmedi um of chxapared withh Covhiptiradeee déseniplesh?. 'Blhé imaghicti@trebordingde t he
crystal growth of the magnetic |ayer epitaxial. Further, the m smatching
bet ween a ' | (0] n@(%;}eﬁr, n

nonmagnet ix%@dli?‘vrf]t[rg Pkr;gg | %‘?@ll%ag ﬁm\/\égn%% gﬁﬁcljlt a gg§ ﬂ[oggﬁ T%E%C%Er)]g?tthg

m smat chi ng.of c-axis J.atdice nstants_not larger than .4 %4 AS resul t,
the or ai n SrareeRErtifyS i FRE LA et rpBarRperndtilo s 15 Erabiit as
decreased _and the interact.i 03, bet ween_ t he mag?etic 15 crystal L';ne grains
was suppr ds3EQ NRARHHUIHY i-%e@?é@lﬁ PAMATE/ AreCORRA YL ry region,

| eading to the reduction of noises and the inprovement of SNR If the
latti og mélaripar atavedixa tilerhgned | Cogyaratavd KkanepleBnnfitpesei ¢
internedi ate layer is further favorably controlled, then better

el ect r omagRetormIAE *iere bratight &ib&it by Gaprove atdhey 8d crjdvalimagous
Ef fect of "the invention As described so far, by optim zing the lattice

mat ching Betdvatipnifieht th the @hetic 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 crystalline 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




t he nonmagnetic internedi ate |ayer and the nmagnetic |ayer according to the
present invention, inprovenent of crystallinity and alignnment in the
magnetic | ayer, control of the grain size, and pronotion of drBiSEpogsdary
segregati on can be acconplished. Thus, a magnetic 5 recording layer with

| ow noi se and excell ent nmagnetic and el ectronmagnetic conversion
characteristics has been provided. Because the grain boundary segregation

of oxi des thembAamagasticthtarmediaty 1ayer bl sheushbgiretoé 1aher rrieordinsi C
10 intermedi ate | ayer, interactions between the magnetic crystalline

grains camolg,d ﬁ%‘géﬂt iﬁ%ﬁ%%&?”irh%no%qﬁeﬂ%tdfccxﬁﬁ‘s‘%aﬂﬂh | C?‘gfﬂ Hﬂrgrﬁgl%gftdi ng

to the present fnvention even Wi m nut e nagneti'c par S Ca
sufficient]yhigh coercive force at t room . temperatyre. Therefare,
stabl e hi ot th HaEBRLE I o6 ©hiihL otIHERFA AT, bt Fio b BEHeh o
t hermal di styrhances. 20 17 0 9 ,SEP 2M CLAI M5 1., gnetic recording
medi um coﬁé‘ﬂﬂ@ibb@lﬁa@i!iﬁs&&wa%@nl% ag@u@mﬁa‘gﬁynfhwﬁnatmmeuﬁe
substrate, the layers including 5 a nonmagneti c underl ayer having a body

cent er2d cebordiedayentwittelowtnoiseuand excellent madigaedic ayek Wit h
hexagonal cl osest packed (hcp) structure, a nmagnetic |ayer having a

exagonal oy o A B heay o ChpRageorgtios hssheth miewdatns wih 2

Because the grain boundary 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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10 nonnmagnetic grain boundary region of mainly oxide intervening between
the ferromagnetic crystalline grains, a protective layer, and a liquid
| ubricant |ayer. wherein a degree of msmatching Aa is at nost_ 6 % a
degree of 15 msmatching Ac is at nost 4 % and a ratio pal Ac 1 8 SBP Migast
1.5, where Aa is a degree of m smatching between an a-axis lattice
constant of the ferromagnetic <crystalline grain and an a-axis lattice
constant of the substance conposing the internediate |layer, and Ac is a
degree of m smatching between a c-axis lattice constant of the
ferromagnetic crystalline grain and a c-axis lattice constant of 20 the
subst ance co iI the internediate |ayer. 18 09 SEP 2005 2. A nmgnetic
recordi ng ne ording to claim1 further conprising a nonmagnetic
internediate | ayer with hcp structure, wherein the internediate |layer is
conposed of nonmagnetic netallic substance substantially consisting of at
| east one el enent selected fromRu,,.0Os, and,Re, and a preg m nant crystal 5
al i gnment pl ane %ép%gr}egc regording Bisdiym somprising a sypstrate ap ﬂ?ﬁéﬁjﬁeti c
substrate is an hc ElO_O) pl ane. 3., A magnetic recordi ng medi um accor di ng
to claim1 ofeqicaiially lammated on thesubstrats, dhelaysysdncludingnposed of a
nonmagnetic netallic substance and 10 ferromagnetic crystal grains of the
magneti c ¥ ayer o BomBAgRRisuRderityenpaving|a bngcQﬁiﬂ@I‘ﬁdiquél(aﬁbcpg%’tlc%ne
el enent selected fromCr, N, and Ta, and a degree of msmatching Aa is at
nost 6 % a slegetere,of mismatching Ac is at nost 4 % and a ratio Aa/Ac is
at least 1.5, where Aa is a degree of m smatching between

an intermediate layer with hexagonal closest packed (hcp) structure,

a magnetic layer having a granular structure consisting of ferromagnetic
crystalline grains with a hexagonal closest packed (hcp) structure and
10 nonmagnetic grain boundary region of mainly oxide intervening between the
ferromagnetic crystalline grains,
a protective layer, and
a liquid lubricant layer.
wherein a degree of mismatching Aa is at most 6 %, a degree of
15 mismatching Ac is at most 4 %, and a ratio Aa/Ac is at least 1.5, where Aais a
degree of mismatching between an a-axis lattice constant of the ferromagnetic
crystalline grain and an a-axis lattice constant of the substance composing the
intermediate 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

20 the substance composing the intermediate layer.

18




an a-axis lattice constant of the ferromagnetic crystalline grain and an
a-axis 15 lattice constant of the nonmagnetic netallic substance conposi ng
the internediate |layer, and Ac is a degree of m smatching betﬁgeéyg ﬁﬁaxis
| attice constant of the ferromagnetic crystalline grain and a”c¢- i 4

| attice constant of the nonmagnetic netallic substance conposing the

I nternmedi ate |ayer. 20 19

2. A magnetic recording medium according to claim 1 further comprising a
nonmagnetic intermediate layer with hep structure, wherein the intermediate
layer is composed of nonmagnetic metallic substance substantially consisting of
at least one element selected from Ru, Os, and Re, and a predominant crystal

5 alignment plane parallel to a deposition surface of the nonmagnetic substrate is

an hep (100) plane.

3. A magnetic recording medium according to claim 1 or claim 2, wherein
intermediate layer is composed of a nonmagnetic metallic substance and

10 ferromagnetic crystal grains of the magnetic layer 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 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

15 lattice constant of the nonmagnetic metallic substance composing the
intermediate 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.

20
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