|  DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM Technical Field [00011 This
invention relates to a magnetic recording medium Background Art [0002] In
recent years, the information-oriented society has been quickly devel oped
and the information recording capacity,over 100Gytes has been required per
2.5-inch magnetic disk in magnetic recordi ng apparatuses represented by
HDDs (hard disk drives). In order to satisfy such a requirenent in the
magnetic disk, it is necessary to realize an information recording density
over 200CGhits per square inch (200Ghits/inch2). For perform ng stable
recordi ng/ reproduction at such a hiDEHSQRIPDPION ng density, it is generally
preferable to enpl oy a perpendicul ar nmagnetic recording systemas a nmagnetic
recordi ng/ reproduci ng system [00031 As a magnetic recording nmediumfor use

in the perpendi cul ar magneti r r qi f exanpl e, a granul ar
medi umi s known whi ch exhi b."‘f%GNéi@e'ﬁ#@ﬁﬁa@@"%‘?W characteristics (see,
e.g. Non-Patent Docunent 1). Specifically, the granular nmediumis provided
with a granular layer (Granular |ayer) having a structure in which nagnetic
grai ns are SuUebkhicglEkiddy a nonmagnetic substance. As the granul ar nedi um
there is proposed, for exanple, a structure in which an oxide such as Si Q2
is added to CoCrPt[008He, e.g. Non-Patent Docunent 2). 2 [0004]

This invention relates to a magnetic recording medium.

Background Art

[0002]

in recent years, the information-oriented society has been quickly
developed and the information recording capacity over 100Gbytes has been
required per 2.5-inch magnetic disk in magnetic recording apparatuses
represented by HDDs (hard disk drives). In order to satisfy such a requirement
in the magnetic disk, it is necessary to realize an information recording density
over 200Gbits per square inch (200Gbits/inch?). For performing stable
recording/reproduction at such a high recording density, it is generally
preferable to employ a perpendicular magnetic recording system as a magnetic
recording/reproducing system.

[0003]

As a magnetic recording medium for use in the perpendicular magnetic
recording system, for example, a granular medium is known which exhibits
excellent recording characteristics (see, e.g. Non-Patent Document 1).
Specifically, the granular medium is provided with a granular layer (Granular
layer) having a structure in which magnetic grains are surrounded by a
nonmagnetic substance. As the granular medium, there is proposed, for
example, a structure in which an oxide such as SiO; is added to CoCrPt (see,

e.g. Non-Patent Document 2).



Further, conventionally, attenpts have been nade to inprove the nmagnetic
properties of granular |ayers fromvarious aspects (see, e.g. Patent
Docunents 1 to 4). For exanple, Patent Document 1 discloses a structure in
which the ratio of a nonnmagnetic conpound occupying the total volune of both
a magnetic material and the nonmagnetic conmpound is about 2% or nore and
about 30% or |ess. Patent Docunment 2 di gcloses a structure in which a |arge
nunber of magnetic grains are separated by a grain boundary |ayer and the
average separation distance between the nutually adjacent magnetic grains
along a straight |jgpesronnecting the centers of gravity thereof is 1 nmor
nore. [0005] Patent Docunent 3 discloses a structure in which a base

mat eri al  surr oundFugherpepmeentipneliy ettemplghave beeromade tsimprevedbet er i ned
conmbi nation of el enents, Patent ment 4 discloses a stru&ture in which

grain boundar'?agr}eé'ﬁlpﬁﬂi’:?”@ﬁ %@%HD%VEWEQ”&W@”&@?EGQ%F&G& f9ahat% de of Ti,

t he subst ancey f di ng | ayer
o 5ol o6 o rOSRTERy 1 EBAL BBt BIE Pl Soolinghty B HRERL,
cont ai ned as wten fPPéirdﬁb &fa Erdmm grﬁﬂ@ﬁdmwnﬁhﬁbupmeﬂétammdof idier e has

been proposed a CGC (Coupl ed anul ar and Continuous) nmediumin which a
continuous fid mapestermatenaltand drigonmagpetiy corspdundtis aboys 26y bumdrecanda gr anul ar

| ayer (see, Pat en ment_5). By providing the con 1nuous filmlayer,
it is possi bl%’%UF ek jﬁ?ﬁi e"ategt @Wé29§8'°9??\%gﬂqt”r§t'ﬁ [5Mt3/12L98 1 ecor ded
si gnal s. 4988
pp512-514 Norﬁﬁwtgﬁﬁggo %%'f‘ iéo%paéf%%agf‘aﬂa 9%?@?%':%3. Magn, vol.
38, 1976- 197RetaddQdpaktibe distdAes bemden the mbtuBHY-BdjdE& madab®ngralpecunent  2:

JP- A- 2002- 358615 3
along a straight line connecting the centers of gravity thereof is 1Tnm or more.

[0005}

Patent Document 3 discloses a structure in which a base material
surrounding magnetic crystal grains contains a predetermined combination of
elements. Patent Document 4 discloses a structure in which grain boundary
regions of magnetic crystal grains contain an oxide of Ti, the substance amount
ratio of the oxide of Ti in a magnetic recording layer is 5mol% or more and
156mol% or less, and at least TiO and/or Ti,Q3 is contained as the oxide of Ti.

[00086]

Further, conventionally, there has been proposed a CGC (Coupled
Granular and Continuous) medium in which a continuous film layer (Continuous
layer) is further provided on a granular layer (see, e.g. Patent Document 5).

By providing the continuous film layer, it is possible, for example, to improve the

thermal stability of recorded signals.

Non-Patent Document 1:  Appl. Phys. Lett. 52(€). 8Feb. 1988 pp512-514

Non-Patent Document 2:  T. Oikawa et al., IEEE Trans. Magn, vol. 38,
1976-1978 (2002)

Patent Document 1:  JP-B-H8-7859

Patent Document 2:  JP-A-2002-358615



Pat ent Docunment 3: JP-B-3725132 Patent Docunent 4: JP-A-2005-196813 Pat ent
Docunment 5: Specification of US Patent No. 6468670B1L Disclosure of the

| nvention Problemto be Solved by the Invention [0007] In recent years,
following the increase in required recording density, there has been
required a magnetic recording |layer with higher performance. For this
purpose, it has been required to find agstructure of a nmagnetic recording

| ayer that can realize higher performance. It is therefore an object of this
invention to provide a magnetic recordi ng nedi um having a magneti c recordi ng

| ayer that caphiggadcament gherymprdrestmnce. Means for Sol ving the Probl em
[0008] In order to inprove the recording density, it is inportant to

mniaturize Raegndddacomgnbdns JR-AIR0GEJRESHYNet i ¢ ani sotropy, to equalize the
grain diameters, and to nagnetically and 'ghtysi cal I% i ate the individual
Aisbra i Pelh Badpt

magneti c gr airalent Bagumest 5. i tSnesificalins af 45 Patrak Ne. b4 magneti zati on axis
of crystals of the nagnetic grains be oriented in a perpendicular direction
in low orientation dispersion. [0009] 1In order to achieve such a fine
structure, fopis@ssUiPbeiheand@ngon! ar nmediumor the |like in which an oxide
such as SIQ2 is added to CoCrPt is considered to be effective. In this
case, the easrohegriethelalvasrbyathe $nvieptiethe c-axis of Co crystals. [0010] 4
However, when act u%0|0¥] form ng a nagnetic recording layer, it is difficult
In recent years, following the increase in required recording density,

there has been required a magnetic recording layer with higher performance.

For this purpose, it has been required to find a structure of a magnetic recording

layer that can realize higher performance. It is therefore an object of this

invention to provide a magnetic recording medium having a magnetic recording

layer that can realize higher performance.

Means for Solving the Problem

[0008]

In order to improve the recording density, it is important to miniaturize
magnetic grains with high magnetic anisotropy, to equalize the grain diameters,
and to magnetically and physically isolate the individual magnetic grains.
Further, it is important that the easy magnetization axis of crystals of the
magnetic grains be oriented in a perpendicular direction in low orientation
dispersion.

[0009]

in order to achieve such a fine structure, for example, a granular
medium or the like in which an oxide such as SiO; is added to CoCrPt is
considered to be effective. In this case, the easy magnetization axis is the
c-axis of Co crystals.

[0010]



to formall magnetic grains in an ideal state. In viewof this, the
inventors of this application have, through experinental studies,
considered to control the shapes of magnetic grains by a statistical method
and paid attention to the manner of variation in shape of the magnetic
grains in a section of a magnetic recording |ayer. Then, the inventors have
found out that particularly excellent @agnetic properties can be obtained
by setting variation in ratio between a |long dianeter and a short dianeter
of each of the magnetic grains and variation in grain dianeter of the
magneti c grai ns toHeakuaswhen Actoalyrfedehg s magdetic eegeiing layasipsadiffind y. Thi s
invention has the follow ng configurations. [0011] (Configuration 1) A
magnet i ¢ r ecopdemyalhdasisticasaips insamiged siaidstip yiew efidis othe neporselcul ar
magnetic recording,.layer formed over the substrate, .the magneti.c recording
medi um where ﬁﬁpﬁ@ﬂ%%@ﬁ%iﬂ&rﬁlﬁﬁ em&m@mﬁiS&é@&%ﬂnﬁﬁ’ereévgrcgn%%'%eri ses a
magneti ¢ | ayedhapREbAnaiMsdic RARSHY § setidlidaPmeiHddand YaRPsERtib 1o thebSt ance
surroundi ng the nagnetic grains 1n a section parallel to a main surface of

t he subst r at emamvezf varativhé stepeiobthe rmagreetic graires ineecsection oingmdpeetiet er and a
short dianmeter of each of_the magnetic grains contained in the réa‘gneti C
| ayer is cal cigrerdig laxerdethanethe inventasg hayg epnd pet thakpasticulaglyexeelierf dt h at

hal f maxi num he hi st oqr i 6 l.ess i f ain

di aneters of mg%%ett'lgré)&?f’ Jecs%&%geno}tqqrﬁe({ %seg@@gaéﬁﬁ&sﬁié% %&Wﬁggg I% an
average grai nyignafERhRd a sRbrt RIS @bt ofdh@ iignetld \Gralhglahd Wadatonag hal f

maxi mum of the histogramis preferably 0.5 or less and nore preferably 0.4
or | ess. Furtgrein diarhetevafrthanagnetic graine tgvalues dittamptesieterminethrengesgnet i ¢
grains is preferably 15% or less and nore preferably 12% or |ess of the

aver age grai neapestigeler Uis inMentierdiré thecfoflpwing sonfiguesdieds. | n order to i nprove
the recording densi[&c}\mof the magnetic recording 5

(Configuration 1)

A magnetic recording medium comprising a substrate and a
perpendicular magnetic recording layer formed over the substrate, the magnetic
recording medium, wherein the perpendicular magnetic recording layer
comprises a magnetic layer containing magnetic grains and a nonmagnetic
substance surrounding the magnetic grains in a section parallel to a main
surface of the substrate, when, in the section, a ratio between a long diameter
and a short diameter of each of the magnetic grains contained in the magnetic
layer is calculated to derive a histogram of the ratios, a half width at half
maximum of the histogram is 0.6 or less, and a variance of grain diameters of
the magnetic grains in the section is 20% or less of an average grain diameter
of the magnetic grains. The half width at half maximum of the histogram is
preferably 0.5 or less and more preferably 0.4 or less. Further, the variance of
the grain diameters of the magnetic grains is preferably 15% or less and more
preterably 12% or less of the average grain diameter of the magnetic grains.

[0012]

in order to improve the recording density of the magnetic recording



| ayer, it is necessary to reduce the sizes of the magnetic grains and
further to increase the nunber of nagnetic grains per unit volune (grain
density). However, in this case, there are instances where the adjacent
magnetic grains tend to be coupled together following the increase in grain
density, for exanple, depending on the filmformng conditions. And as a
result, large magnetic grains are forméd. [0013] There is a |large
possibility that, in the magnetic recording |ayer, |large nmagnetic grains
are formed so as to protrude fromthe boundaries of wite bits where

nmagneti c si gnaye, ifichetesantRdedideanebigesof thd nidghsticgrams dnbdurtiidr te- bi t
boundari es each differ froman ideal straight line so that the boundaries

bet ween t he dugregemthemumbebelonagnatin graieg perAit yoluge(geain dersityt he | ar ge
magnetic grains are fornmed, noise caused %Eﬁ! tilrgeaﬂu' ar, magneti zation

transition i MdPeREEd &5 ¢arsy PRSI RFICOE SMHER L8 aFlgePy My %) bei ng
one of el ect ragRENG é&&%@ﬁggﬁﬁgﬁﬂgﬁgﬁ felifdrbadd i fgpﬁﬁ AERdi! Br eBpEiI&aSES.

[0014] I n connection nventors of this application have

found that ajdpanding GRAMREHlimCloghiag Bofditioned Ad aoupesutgiaede maghatical ity of
magnetic grains has a distorted shape such as, for exanple, a gourd shape
and t hus t he gfaing @recfeseed.bet ween a | ong diameter (L) and a short di ameter
(S) becones | arge. q , the inventors have found that, by setting
variation in rati oliu between a long dianmeter and a short di aneter of

each of magnetic grgi I | : } of a
substrate, of a mgﬁ%@%h{iﬁ{;%?@ﬁ%@ggggﬁﬂ'learﬁ%gange&{gtrf’cg% ’Pgl:a%%lfaﬂ%@l ayer to
fall wthin theagmioyeinaagdormdd scsagropsothide fiom therboovidartdsef Gtk bitsat i 0. Thi s

is considered to be caused by the fact that when the variation in ratio
(US) is smal |wherampgnatigpianale awrrgrerdedackhereieieeth thip caseshe witeohit a plurality

of magnetic gf Al N2 'S AT rlofh JHABSnaF 24D hiGndbblidhbl Poundaries
between the adjacent bits become unclear.

As a result, when the large magnetic grains are formed, noise caused
by irregular magnetization transition increases so that the signal to noise ratio
(S/N ratio) being one of electromagnetic conversion characteristic parameters
decreases.

[0014]

In connection with this, the inventors of this application have found that
a large magnetic grain formed by coupling of a plurality of magnetic grains has
a distorted shape such as, for example, a gourd shape and thus the difference
between a long diameter (L} and a short diameter (S} becomes large. Then,
the inventors have found that, by setting variation in ratio (L/S) between a long
diameter and a short diameter of each of magnetic grains in a section, parallel
to a main surface of a substrate, of a magnetic layer included in a magnetic
recording layer to fall within the above range, it is possible to improve the S/N
ratio. This is considered to be caused by the fact that when the variation in
ratio (L/S) is small, large magnetic grains each formed by coupling of a plurality

of magnetic grains are small in number and thus the write-bit boundaries each



6 approximate the ideal straight line so that noi se caused by irregul ar
magneti zation transition decreases. [0015] The inventors of this
application have further found that the relationship between the variation
inratio (US) and the S/N ratio becones particularly |arge when variation
in grain dianeter itself falls within a predeterm ned range. For exanple,
when the variation in grain dianeter itgelf is large, even if the variation
inratio (US) is snmall so that the half width at half maxi nrum of a hi stogram
takes a value within the above range, there is a case where the SINratio

cannot be  sufdpr&iifBiel the idBRI SRt lidd s Sthiansignsauded ey iregupe caused by the
fact that when the variation in grain dianmeter itself 1s large, even if the

rati os (US) amegrstiadtion trarisition gecreasds. | ar ge magnetic grains protruding from
the wite-bit boundaries increases. [0016] 1In connection with this, by
setting the vari ant®18f grain diameters of nagnetic grains to fall within

t he above range, vafjati i rab.oe di: Mg | f : rly
suppressed. Theref gb%?r{v:eﬁ {a(r:goér}ft!glé%Pé'('fg_r@ﬂgé\tﬁhff@ﬁéﬁ huendstﬁﬁ][‘trh g? ielgl_r'&'(%gl be
properly i nprigatReen theivariaiten ratlo &) SnBlife SN RO YeEsmEs pRIERArydargeecor di ng
medi um excel l ent in el ectromagnetic conversion characteristic. [0017] If
the hal f w dtwhert vanatién imegraimgiarogtet itself falis twilinempredetehvined rangece Fof t he

grain diameters of the nmagnetic grains deviates . fromthe ove range, there
is a possibi PiAMpPe mendhvaatios NGrainsirmetsr i '%é&@?:&é‘%ﬁ gf ¥anaiat he i deal

Lo o, LS S RSN BRI bt L,
recordi ng meda vlue d@RiheRS BSoverBRgS here is a case where the S/N ratio cannot be

sufficiently improved. This is considered to be caused by the fact that when

the variation in grain diameter itself is large, even if the ratios (L/S) are small,

the ratio of large magnetic grains protruding from the write-bit boundaries

increases.

(0018]

In connection with this, by setting the variance of grain diameters of
magnetic grains to fall within the above range, variation in grain diameter itself
can be properly suppressed. Therefore, it configured like this, the S/N ratio
can be properly improved. This makes it possible to provide a magnetic
recording medium excellent in electromagnetic conversion characteristic.

[0017]

If the half width at half maximum of the histogram or the variance of the
grain diameters of the magnetic grains deviates from the above range, there is
a possibility that the write-bit boundaries each deviate from the ideal straight
line and thus noise due to irregular magnetization transition occurs. By this,
there is a possibility that the S/N ratio of a magnetic recording medium
decreases.

[0018]

The average radius of magnetic grains is derived by, for example,



The average radi us of magnetic grains is derived by, for exanple, 7
performng a circle approxi mati on of each of magnetic grains contained in a
section and averaging radii of them The |long dianeter (L) of a magnetic
grain is, for exanple, a dianmeter of a circunscribed circle of a closed
curve along the sectional shape of the magnetic grain. The short dianeter
(S) of a magnetic grain is, for exanpl & a dianeter of an inscribed circle
of a closed curve along the sectional shape of the nagnetic grain. [0019]
When a plurality of circunscribed circles with different diameters can be

drawn as the ;@émvramglarmmédprmaammfleech bheageg ghiiasresreained inca magnet i ¢
grain is, for exanple iameter of the m nimumcircunscribed circle anong

them On t hesastibreandhavetaging eadiiaf fheay. alTheyorwd!amgter (b achagnete grin h
different diameters can crlbe C|rcle t he short

di aneter of aSnEHFEATRIE. g ﬁﬁ”ﬁtﬁr\gpaf"&“”@?ﬁﬁ#@rc'eaocﬁ%{ﬂ%‘? Gures 2o M8a i mum
I nscribed cirgle,Mrepshd fam mgﬂ&%odnrau'ﬁ'er?hé‘s hdrl\Giamefe %&Eﬁh E) al ways

beconmes equal to0 or greater e short |aneter erefore, the

ratio (US) algvamss hecenm@ipld, addiamteeof anFbsdrided ciryloena clogpd cinge @afong pl ural ity
of magnetic grains does not occur, the ratio (US) beconmes a value close to
1. Therefore, thasnctm@btﬂmﬂ@rtheaﬂamhwa}n has a shape in which, for exanple,
it has a peak near@ [Bﬁsml on where the ratio (US) becones 1 and, as the
ratio (US) increas erefrom the frequency gradually decreases.

Therefore, as a haWhéMéjéIU amg,d?%lréu b8 B s Wit &lff@l'eﬁf@%%f@rsbhﬁﬁoe can be

made of, for exanple deri by su tractl ng eing a value of the

rati o (US) codragaenik agpveaircivasgial circlontha longl diemeter ofemaghétic grdid) wher e
the frequency becones half of the peak. [0021] Wth respect to a magnetic
grai n, par aneisdpsexaime asdiametediofthe shipiguneercumscribed circle among them.

On the other hand, when a plurality of inscribed circles with different diameters
can be drawn as the above inscribed circle, the short diameter of a magnetic
grain is, for example, a diameter of the maximum inscribed circle among them.

[0020]

Herein, the long diameter (L) always becomes equal to or greater than
the short diameter (S). Therefore, the ratio (L/S) always becomes 1 or more.
Further, when coupling of a plurality of magnetic grains does not occur, the ratio
(L/S) becomes a value close to 1. Therefore, a histogram of ratios (L/S) has a
shape in which, for example, it has a peak near a position where the ratio (L/S}
becomes 1 and, as the ratio (L/S) increases therefrom, the frequency graduaily
decreases. Therefore, as a half widith at half maximum of this histogram, use
can be made of, for example, a value derived by subtracting 1 being a value of
the ratio (L/S) corresponding to the peak from a value of the ratio (L/S) where
the frequency becomes half of the peak.

[0021]

With respect to a magnetic grain, parameters such as a radius obtained
when a circle approximation is performed, a long diameter, and a short diameter

can be obtained by, for example, observing a sectional image of the magnetic



when a circle approximation is perfornmed, a long dianeter, and a short

di aneter can be obtained by, for exanple, observing a sectional image of
the magnetic 8 grain. For observing the sectional inage, use can be nade
of, for exanple, a transm ssion electron mcroscope (TEM. According to the
transm ssion electron mcroscope, it is possible to observe a nagnetic
grain on the order of nanoneters and tisus these paraneters can be

calcul ated fromthe shape of a substrate-direction sectional imge (a
sectional image based on a section parallel to a main surface of a

substrate) ofgrle Fegfsderéngiheisactidnaliddige, stecamegnabde of, fyrexaiplet §e magneti c
recording layer is, for exanple, a ranul ar |ayer having a structure in
whi ch magnet i tanpmissien eleetranuniconsaoral(ThM)a  Apeoiding tethiedragaméssioice so that t he

Formed by. 1 oPeRRnTEREScrs it PERTHIG RHEEROn A RAETeleSABONTe PBRES o | mpi nge
on an al | 0y Alrlctordnklics AbdelarkREOR! car e BH fomlhe shee F4ATDI €. 3

target having a structure In a nonnagneti c oxi de being the above
nonmagneti ¢ ssiistrawairectorndectional haye(aGectimrerhdgerbagsagn atgeetiormat eri al
alloy. [0023] (Configuration 2) The half width at half nmaxi mrum of the

hi st ogram i s Raradllel & @main guitece wea sybstiaig) ebthefmagnetiggeaim di amet ers of the
magnetic grains is fﬁ}?é? 20% of the average grain dianeter. The half wi dth
at hal f maxi mum of | hi stogramis preferably 0.2 to 0.5 and nore

preferably 0.3 to QndmaHAgiYALLAR %R Mhghdit redciiRg 14bARERLEE Ml td1e Magnet i ¢
o of the a% ?n o?

grains is preferably 7 to 1 erage gra di anet er the magnetic
grai ns and nogranplacihpsrataving® dtauciiz8bnonhitiemagnét@Qidins aWy sihrduhded by a
configuration, it is possible to properly inprove the S/INratio of

nonmagnetic substance so that the magnetic grains are separated from each

other. This magnetic layer is formed by, for example, a sputtering method that

causes Ar ions to impinge on an alloy target.  As this alloy target, use is made

of, for example, a target having a structure in which a nonmagnetic oxide being

the above nonmagnetic substance is mixed into a Co-based ferromagnetic

material alloy.

[0023}

(Configuration 2)

The half width at half maximum of the histogram is 0.1 to 0.6, and the
variance of the grain diameters of the magnetic grains is 5 to 20% of the
average grain diameter. The half width at half maximum of the histogram is
preferably 0.2 to 0.5 and more preferably 0.3 t0 0.4. The variance of the grain
diameters of the magnetic grains is preferably 7 to 15% of the average grain
diameter of the magnetic grains and more preferably 9 to 12% or less.

[0024]

With this configuration, it is possible to properly improve the S/N ratio of
the magnetic recording medium.  Further, for example, as compared with a

case of attempting, more than required, to achieve an ideal state where the half

width at half maximum of the histogram and the variance of the grain diameters



the magnetic recording nmedium Further, for exanple, as conpared with a
case of attenpting, nore than required, to achieve an ideal state where the
half w dth at half maxi nrum of the histogram and the variance of the grain
dianeters 9 are both zero, the nmanufacturing cost can be reduced.
Therefore, with this configuration, it is possible to properly provide a
magneti c recordi ng medi um excellent in9el ectromagnetic conversion
characteristic. [0025) (Configuration 3) The average grain dianeter of the
magnetic grains in the section is 3 to 8nm The average grain dianeter of
t he magneti c geaoffzdrs, the afapufdetuying cbst cahberedud@as] Thalbiore, Witk thigser age grai n
di aneter of the magnetic grains falls within this range, it is possible to
particul arly ganfipenatign,iitip pessible ieprepedlyrRipyide afmagnetic F@QK‘H!Q @edigor di ng

medi um by usié}% s i ndi ces the half vvi.dt{haat hal.f maxi mum of the histogram
and the vari afieg ¢t I HECIRMAgels OVERY GRHGI SN gneti ¢ grains. Therefore,
with this confi gur?édzgr, it is possible to properly provide a nmagnetic
recordi ng medi um excelfent in electronagnetic conversion characteristic.
[0027] (Confi gur at {©snfigurafibe 3ragneti c recordi ng | ayer contains the nmagnetic
grains at the rate_of 100 to 150 grains per region of 100nnx100nmin the
section. The numberdhefvenagggeain diagieiar ot thesragnege graing in tperaio0dEnhio s

preferably 100 to 120. [0028). \Wen t rain density of tl’l_g netic grains
i s greater thgm“th ?"&k‘goee,g%ﬂi’é?’s&‘r‘%&?‘%a‘égr'%‘ﬁ9@3’23{%%{?’%% %ﬁ‘?i on bet ween
the magnetic gygi ns beconmes insufficient and thus coupling of a plurality
of magnetic grains tends to occur.

[0026]

When the average grain diameter of the magnetic grains falls within this
range, it is possible to particularly properly improve the S/N ratio of the
magnetic recording medium by using as indices the half width at half maximum
of the histogram and the variance of the grain diameters of the magnetic grains.
Theretfore, with this configuration, it is possible to propetly provide a magnetic
recording medium excellent in electromagnetic conversion characteristic.

[0027]

(Configuration 4)

The magnetic recording layer contains the magnetic grains at the rate of
100 to 150 grains per region of 100nmx100nm in the section. The number of
magnetic grains per region of 100nmx100nm is preferably 100 to 120.

[0028]

When the grain density of the magnetic grains is greater than this range,
there is a possibility that separation between the magnetic grains becomes
insufficient and thus coupling of a plurality of magnetic grains tends to occur.

In this case, there is a possibility that the ratio of magnetic grains each having a
large ratio (L/S) increases and thus the half width at half maximum of the
histogram increases. By this, there is a possibility that the S/N ratio of the

magnetic recording medium decreases. On the other hand, when the grain



In this case, there is a possibility that the ratio of magnetic grains each
having a large ratio (L/S) increases and thus the half wdth at half

maxi nrum of the histogramincreases. By this, there is a possibility that
the SSNratio of the magnetic recording nedium decreases. On the other
hand, when the grain 10 density of the magnetic grains is smaller than this
range, there is a possibility that theigmagnetic grains becone too small in
nunber and t hus magneti zation per bit in magnetic recordi ng becones
insufficient. [0029] On the other hand, in the case of Configuration 4,

since the graidnsitf6Nkbmagbtid HRINSBOSAANCE tHnahBTahdd, tiforavist dipsesitigy pr oper
range, the half wdth at half maxi num of the histogram and the variance of
the grain di athettbe snaghetihgrainsdgnent toggrnaalhis ndeber andthua iageetizaliope easily
realized. Therefore, with this confi gurat',o,n, it is possible to properly

i nprove the P BT F@gB‘Ft'Ct’ﬁﬁorﬁﬁ‘Qﬁ’@P?'E S NeKYFEMng nedium By this, it is
possi bl e to proper L@b2@£°\’i de a magnetic recording nmediumexcellent in

el ectromagneti ¢ cohversion characteristic. [0030] (Configuration 5) A wdth

of a region occupi esh thY otHe hard) imieaiaks oSO Iigarsien agsneethe dgriie nagneti c
grains is 0.8 to 1.3nm The width of the region occupied by the nonmagnetic
subst ance i s, ddrsity ekthapiagnetic giaiisHallsfwithirethg paeper sanaed theyhalfiwigthat hathgnet i ¢

grains in the magnetic | ayer. The width of t regi on _occupjed by the
nonmagnet i ¢ s'E?Bé‘?"é‘Hb%”F%ﬁéFO@faé?éBP@qu‘fa@aP%e ‘if.qﬁe Hﬁ?" ?’66@%’15 B{/‘ﬁgn the width of
the region O%Hgﬁeﬁfé %n% B&’sdﬁg SoRtd b%‘b%ﬁf&%ﬁzéé _Tﬁai%'fdbre, wilteth 1S @

possi bility that separation between the magnetic grains econes

insuf ficient egiglirausn, a0y pbiditge &f prapylimpldvie)the B/Nregioes e rgagietis tends to

occur. In this case, there is a possibility that the ratio of magnetic
grains each recording medium. By this, it is possible to properly provide a magnetic
recording medium excellent in electromagnetic conversion characteristic.

[0030]

(Configuration 5)

A width of a region occupied by the nonmagnetic substance between
the magnetic grains is 0.8 to 1.3nm. The width of the region occupied by the
nonmagnetic substance is, for exampile, a width of the grain boundary of the
magnetic grains in the magnetic layer. The width of the region occupied by the
nonmagnetic substance is preferably 0.9 to 1.1nm.

[0031]

When the width of the region occupied by the nonmagnetic substance is
small, there is a possibility that separation between the magnetic grains
becomes insufficient and thus coupling of a plurality of magnetic grains tends to
occur. In this case, there is a possibility that the ratio of magnetic grains each
having a large ratio (L/S) increases and thus the half width at half maximum of
the histogram increases. By this, there is a possibility that the S/N ratio of the
magnetic recording medium decreases. On the other hand, when the width of
the region occupied by the nonmagnetic substance is large, the grain density of

the magnetic grains decreases and thus there is a possibility that magnetization



having a large ratio (US) increases and thus the half wdth at half maxi num
of the histogramincreases. By this, there is a possibility that the S/N
ratio of the magnetic recording nedium decreases. On the other hand, when
the width of the region occupied by the nonmagneti c substance is |large, the
grain density of the magnetic grains decreases and thus there is a
possibility that magnetization 11 per BIt in nagnetic recordi ng becones
insufficient. [0032) On the other hand, in the case of Configuration 5,
since the width of the region occupied by the nonmagneti c substance falls
Wi t hin the prpgeit in angeetid feeordigl decaings insafficieal. f maxi num of the histogram
and the variance of the grain dianmeters of the magnetic grains described
above can be easil y0G32hl i zed. Therefore, with this configuration, it is
possi ble to properly inmprove the S/ N ratj of t.he netic recqrdi ng

medi um By this, itd/'] @eﬁgﬁﬁﬂp‘é Y ep‘?a&ﬁé’* 199“‘}9”6ﬁ}l°8§§%°ﬁ§1fn lf’f%ccgrﬂg’cor di ng
medi um excel | i ; i : i : ook | 33]
(Configurati o%%o)n d&cgﬂgﬁgwy o} sﬁgﬁeﬁ%ﬂ}%{gﬁggﬁé'smg’?gﬁg’?ﬁ%irézh.gﬁlg‘?gns or
nore. The dehslf wigtrodt Halfenaxdrmona @i etel istsgrast smictbe varigcefod thaldrgin3. 0g/ cnB or
nore and nore preferably 4. Og‘{rcnﬁ or rrprer?g’g.g. 4.0 to 4.5g9/cm. [0034]
When formi ng €inBetasyAEhe M3gnele aginsidescinedrbpre cancbepasibigedlzedr . hi gh

achi eved by, 10T @aairdnS E PR R Rblelo BFRIP IR Hes it o
mat chi ng Wi t bt 0 miA3RhcR cBRIMYThEGUE! ABPHhiSNds BosRAEd BBBény Stbvibasi | i tating
orientation of Ru. [0035]

magnetic recording medium excellent in electromagnetic conversion

characteristic.

[0033]

{Configuration 6}

A density of said nonmagnetic substance is 2.4g/cm® or more. The
density of the nonmagnetic substance is preferably 3.0g/cm® or more and more
preferably 4.0g/cm® or more (e.g. 4.0 to 4.5g/cm?).

[0034]

When forming the magnetic layer of the magnetic recording layer, high
crystal orientation and formation of mutually separated grains can both be
achieved by, for example, using an underiayer of Ru with high lattice matching
with Co used as magnetic grains and a seed layer for facilitating orientation of
Ru.

[0035]

However, when forming a film containing a large number of crystal
grains, if the grains crystal-oriented in the same direction approach each other,
the grains tend to be united together. Therefore, when attempting to form
grains aligned in orientation, coarse grains tend to be formed. Accordingly, in
general consideration, it can be said that it is difficuit to achieve both high

crystal orientation and formation of mutually separated (isolated) grains. Thus,



However, when formng a filmcontaining a | arge nunber of crystal grains,
if the grains crystal-oriented in the sane direction approach each other,
the grains tend to be united together. Therefore, when attenpting to form
grains aligned in orientation, coarse grains tend to be fornmed. Accordingly,
in general consideration, it can be said that it is difficult to achieve
both high «crystal orientation and formaion of nutually separated
(isolated) grains. Thus, 12 what substance is to be used as a nonnagnetic
substance for surrounding mnmagnetic grains is an inportant problem [0036]

Wth respect {pattdtbstaieyidagbeiub6d as'hpbamnagnetic REbstaNeI fop§Eraundingi s
application have, through experinental studies, considered that a new

approach di f mageetic graiosriscamimpottanipaidblenes i s necessary for further
enhancing the electromagnetic conversion characteristics of a magnetic
recordi ng | ayer, arﬁQp:"Gbai d attention to the density of a nonmagnetic

substance. [0037] Vifih?%g%é&?o MR eﬁtaé/Lﬁ:s{a%&qhénﬁBnWﬁtﬁgnpnmgnetiC

substance wth a ['ow Sity I's used, nagnetic gralins eac ving a large

ratio (US) teagblichtonfavkOthisidh ekpérimiéital stities, Byriideres tHady @elvaippebachat it is
effective to use a nonnmagnetic substance with a certain or higher density

f or suppr essi differeobinph icagventional gnes isegessansior further enhangingdhe ect i on paral | el
to a main surface of a  substrate. netic

Subst ance, - ovERCTITHAIBHE P eGHl (e b3 et AORS By RESTOME RS 6 m
! griet ; . growt h
ot or ol suchP4g SeEnoio e RARRLH Enbdhnafel et Pl e tho magnet | ¢
grains. Therefore, [@@37h this configuration, it is possible to facilitate
formati on of nmutually separated nagnetic crystal grains. Further,
Then, the inventors have found that when a nonmagnetic substance
with a low density is used, magnetic grains each having a large ratio (L/S) tend
to be formed. Further, the inventors have found that it is effective to use a
nonmagnetic substance with a certain or higher density for suppressing
coupling of magnetic grains in a lateral direction parallel to a main surface of a
substrate.
[0038] _
Using such a nonmagnetic substance, even if magnetic grains
approach each other in the film growth of a magnetic layer, it is possible to
effectively prevent a magnetic material such as, for example, Co from diffusing
between the magnetic grains. Therefore, with this configuration, it is possible
to facilitate formation of mutually separated magnetic crystal grains. Further,
this makes it possible to properly increase a coercive force of the magnetic
layer.
[0039]
Further, in this case, since coupling between the magnetic grains hardly
occurs, magnetic grains each having a large ratio (L/S) are hardly formed.

Therefore, the half width at half maximum of the histogram becomes small.

Accordingly, with this configuration, it is possible to properly improve the S/N



this makes it possible to properly increase a coercive force of the magnetic
| ayer. [0039] Further, in this case, since coupling between the magnetic
grains hardly occurs, nagnetic grains each having a large ratio (US) are
hardly formed. Therefore, the half width at half maxi nrum of the histogram
becomes small. Accordingly, with this configuration, it is possible to
properly inprove the S/N 13 ratio of th® nmagnetic recording nmedium By
this, it is possible to properly provide a magnetic recordi ng nedi um
excellent in el ectromagnetic conversion characteristic. [0040) As such a

nonmagnet i ¢ Sfis batheanagifetic esvdrdify Aedienof Byftiis, e paRsible to Prdpérly Ti O2, or the
like. In terns of facilitating separation between magnetic grains, it is
mor e pr ef er abprovide aunagretic sedotingunetium eksalient yn elpgramagnegtia conversiof  Si Q2,
such as, for example, Ti2. Wth this configuration, for exanple, an oxide
filmformed bEAAREH YFe magnetic grains beconmes dense and thus the magnetic
| ayer can be a den?(ﬁ)atfd I m Therefore, it is possible to nore properly
prevent a magnetic material such as, for exanple, Co fromdiffusing between

the magnetic grai ngs slibha ndht@gnétic uBSKANEY, @sb 0arh Be intddealf doseaipd,i on and
isolation of the nmagnetic grains. Therefore, with this configuration, it is
possi bl e t o B, PPoputhg iKenpiroieems hbfagilimtingseparafionthetwerignagneticr ecor di ng

Use in for GREEmaeGrAREl a0 e feF BPRSHREs R o mmde | n
the G bbs reS oty ERRAETRE, LT hiblealth 38! CRgpig ]! =ed Trom
appl i cation, agddliiiffefreed bétivesh the magnetic grains becomes dense and thus the

magnetic layer can be a dense film. Therefore, it is possible to more properly

prevent a magnetic material such as, for example, Co from diffusing between

the magnetic grains. This makes it possible to facilitate separation and

isolation of the magnetic grains. Therefore, with this configuration, it is

possible to more properly improve the S/N ratio of the magnetic recording

medium.

[0041]

Conventionally, when selecting a nonmagnetic substance for use in, for
example, a granular medium, selection of a material is made in terms of, for
example, tendency to formation of an oxide analogized from the Gibbs free
energy. On the other hand, the inventors of this application, as different from
conventional, have paid attention to diffusion tendency of a magnetic material
(Co or the like) during formation of a magnetic layer and take a viewpoint that,
by preventing diffusion thereof, it is possible to suppress coarsening of
magnetic grains. With Configuration 6, the magnetic layer can be formed while
properly controlling the shapes of the magnetic grains.

[0042]

(Configuration 7)

The perpendicular magnetic recording layer further comprises a first



conventional, have paid attention to diffusion tendency of a magnetic
material (Co or the like) during formation of a magnetic |ayer and take a
vi ewpoi nt that, by preventing diffusion thereof, it is possible to suppress
coarsening of rmagnetic grains. Wth Configuration 6, the nagnetic |ayer can
be formed while properly controlling the shapes of the magnetic grains.
[0042) (Configuration 7) The perpendi citar magnetic recording | ayer further
conprises a first 14 magnetic layer which fornms the nmagnetic |ayer
containing the magnetic grains and the nonmagnetic substance surroundi ng
the magnetic @aghstk layed whichaommnsithe niegynetic Rybragoataimionthe magrgtioggmed | ¢ grai ns
wi th grain boundaries each having a wdth of less than 0.8nm [0043] When
usi ng, as theanthipgdronmageelsr Wbsgneagerroundinphe Magnetisrasaing apdasecond | r st
magneti c Iayeh) coqrétlai ni n&?t he non gneti C ubst'ﬂgce surrougg{}gﬁ t he

magnet i ¢ gr ai MEINSHC layes coRtAIING magnant afging Witr,gran houndaties ea6 8& by the
nonmagnetic SHEﬁﬁaﬂéé‘stih?n bange, there is a case where the reversed donain
nucl eati on nmagnetic field Hn of the magnetic recording | ayer becones snall
so that the thernm#048{ability of magnetic recordi ng decreases. On the other
hand, wth this configuration, it is possible to properly increase the

reversed donain ni¥herbesing agdimheagreticiresaiding layer, oAl theglaepetic i or di ng
| ayer by form.mg the

et 2 o T ks LR 8 A Uy Lo oo, e
oo ¢ i TRSREK e 8 il 08l Ty gl B ey plee, (10
magnet i ¢ | ayenormpagnetit schstartdeyis gy theng istaheasei vertene tife reversed domain
nucleation magnetic field Hn of the magnetic recording layer becomes small so
that the thermal stability of magnetic recording decreases. On the other hand,
with this configuration, it is possible to properly increase the reversed domain
nucleation magnetic field Hn of the magnetic recording layer by forming the
second magnetic layer in which the width of each grain boundary is small.
This makes it possible to properly increase the thermal stability of magnetic
recording.
[0044]
Further, in this case, the magnetic grains can be sufficiently separated
from each other in the first magnetic layer by sufficiently ensuring the width of
the region occupied by the nonmagnetic substance. Theretfore, the half width
at half maximum of the histogram and the variance of the grain diameters of the
magnetic grains described above can be easily realized. Accordingly, with this
configuration, it is possible to more properly improve the S/N ratio of the
magnetic recording medium. By this, it is possible to properly provide a
magnetic recording medium excellent in electromagnetic conversion

characteristic.

Effect of the Invention



the regi on occupi ed by the nonmagnetic substance. Therefore, the half width
at half maxi nrum of the histogram and the variance of the grain dianmeters of
the magnetic grains described above can be easily realized. Accordingly,
with this configuration, it is possible to nore properly inprove the S/'N
ratio of the magnetic recording medium By this, it is possible to properly
provide a magnetic recording nediumext®ellent in electromagnetic conversion
characteristic. Effect of the Invention 15 [0045] According to this
invention, it is possible to provide, for exanple, a magnetic recording
medi um excel | ent i mpeabpct romagneti c conversion characteristic. Best Mde
for Carrying Qut the Invention [0046] Hereinbel ow, enbodi nents according to
this invention w | Actrdidgse thisoiodentiant ihiseteiblede pravidet fos edampiengs. Fig. 1
shows one exang e of a %g%ucture of a ,nagnetlc recordi ng medi um 10

accor di ng t o BASURIRAAHRN Megium grcslient inalEFimaoneig conversion s 5 sect i onal

Vi ew show ng %ﬁﬁ%&%ﬂéi‘"er of the magnetic recording nedium10. Fig. 1(b)
is a sectional view s owﬁng a detailed structure of a continuous filmlayer
36 in the magnetic recording medium 10. The magnetic recording medium 10 is
a perpendi cul ar magnetic recording nediumfor a perpendicul ar magnetic
recor di ng sysBQﬁMddf@f(ﬁmmilma@ubthlhb@ﬂﬁme 12, an adhesive layer 14, a soft
magnetic | ayer %q ﬂnderlayer 18, a magnetic recording |ayer 20, a
protective Iayer @ ghd a | ubricating layer 24. In this exanple, the

Db on, Sooks ORIARIL BB d SRAA 6 KESRLOR I |

500CGhi t s/ i nchith reference to the drawings. Fig. 1 shows one example of a structure ofa
magnetic recording medium 10 according to one embodiment of this invention.
Fig. 1(a) is a sectional view showing the structure of the magnetic recording
medium 10. Fig. 1{b) is a sectional view showing a detailed structure of a
continuous film layer 36 in the magnetic recording medium 10. The magnetic
recording medium 10 is a perpendicular magnetic recording medium for a
perpendicular magnetic recording system and comprises a substrate 12, an
adhesive layer 14, a soft magnetic layer 16, an underlayer 18, a magnetic
recording layer 20, a protective layer 22, and a lubricating layer 24. In this
example, the information recording density of the magnetic recording medium
10 is 200Gbits per square inch (200Gbits/inch?) or more, for example, 200 to
500Gbits/inch®.

[0047]
The substrate 12 is a glass substrate (disk base) of aluminosilicate

glass, aluminoborosilicate glass, soda-lime glass, or the like. It is particularly
preferable to use the substrate of aluminosilicate glass as the substrate 12.
For example, when magnetic field annealing is necessary for controliing
magnetic domains of the soft magnetic layer 18, it is particularly preferable to
use the substrate 12 of glass. Since the substrate 12 of glass is excellent in

heat resistance, the heating temperature of the substrate 12 can be set high.



[0047] The substrate 12 is a glass substrate (disk base) of alumnosilicate
gl ass, alum noborosilicate glass, soda-line glass, or the like. It is
particularly preferable to use the substrate of alum nosilicate glass as
the substrate 12. For exanple, when magnetic field annealing is necessary
for controlling magnetic domains of the soft magnetic layer 16, it is
particularly preferable to use the subtgrate 12 of glass. Since the
substrate 12 of glass is excellent in heat resistance, the heating
tenperature of the substrate 12 can be set high. 16 10048] As the glass for
the substrate 12, po48norphous glass or a crystallized glass can be used.
For exanple, when the soft nagnetic |ayer 16 has an anorphous structure, it
is preferable to ubethe glagssior hesubstraiend? Hroamorghesglass onaerysializad ate 12.

Us f h [ ] t t d i f bl b th dit
U hi gh- [00BHES SHIES A acEo TaaEIse BEeb e ieE THATRUCPELGNE: 28 he subst rat o
12 is preferﬁ%réhtﬁ.%tstrtuetufl@rﬁlé’ réf&ﬁﬁle't@u%g@éu@ﬁﬁt{ ﬁods Sssidt Ra. By

provi ding such snoot h surfa a gap tween the nag etlc recording |ayer

20 and the spébutsranet2.c Uskydtia chemically BeerRifienediyfdsand preferatiiat it is
possible to forma suitable nmagnetic circuit across a head (magnetic head),
t he magneti c becadss e mgiditaisdigR0, and the soft magnetic |ayer 16. 100501
The adhesive | ayer %é%f s a layer formed between the substrate 12 and the
soft nmagnetic Iaye‘0 for inmproving the adhesion of the soft nagnetic |ayer

16 with respect toTﬁé‘Eu@a‘ﬁQ%u%ﬁ%?éLgfth ;#‘Igsﬁrﬂ%e%fjm%%u\’)?tréteﬁg is 14, 1t is

possible to prevent strippin magneti c | ayer a materi al
of the adhesiprefelabyedet ictdnmdeleeain Rakade 0Bhm draesssin®p| By providingont ai ni ng

material . such a smooth surface, a gap between the magnetic recording layer 20 and the
soft magnetic layer 16 can be set constant so that it is possible to form a
suitable magnetic circuit across a head (magnetic head), the magnetic
recording layer 20, and the soft magnetic layer 16.

[0050]

The adhesive layer 14 is a layer formed between the substrate 12 and
the soft magnetic layer 16 for improving the adhesion of the soft magnetic layer
16 with respect to the substrate 12. Using the adhesive layer 14, it is possible
to prevent stripping of the soft magnetic layer 16. As a material of the
adhesive layer 14, use can be made of, for example, a Ti-containing material.
In terms of practical use, the thickness of the adhesive layer 14 is preferably set
to 1 to 50nm.

[0051]

The soft magnetic layer 16 is a layer for forming a magnetic circuit
between itself and the head through the magnetic recording layer 20. The soft
magnetic layer 16 is not particularly limited as long as it is made of a magnetic
substance that exhibits soft magnetic properties and, for example, preferably
has as a magnetic property a coercive force {Hc) of 0.01 to 80 oersteds and

more preferably 0.01 to 50 oersteds. Further, it preferably has as a magnetic



In terms of practical use, the thickness of the adhesive layer 14 is
preferably set to 1 to 50nm [0051] The soft magnetic layer 16 is a | ayer
for formng a magnetic circuit between itself and the head through the
magneti c recording |layer 20. The soft magnetic layer 16 is not particularly
limted as long as it is made of a magnetic substance that exhibits soft
magnetic properties and, for exanple, pyeferably has as a nmagnetic property
a coercive force (Hc) of 0.01 to 80 oersteds and nore preferably 0.01 to 50
oersteds. Further, it preferably has as a magnetic 17 property a saturation

magnetic fl ug)ét o iéé’at&r@?%n thfaﬂéélf?: i dé@%&&g}f.ﬁg%o%é Qggﬂm‘ﬁ?‘:éa mat eri al of

the soft mag |"ayer ere can exanpl e, an Fe-based
material, a Co-baspdsppterial, or the |ike. For exanple, use can be nmade of
an Fe-based soft magnetic material such as FeTaC-based alloy, FeTaN based
al l oy, FeN -based A$ RoyatendcbBelsall sragaptiolyercl, theGocnb@ditedafdroy, a Co- based

ft ti terial h CoT - d all, .CoN -b d all ,
FeCo- based alBYPEort FARGER MEGTEL & oPaimEREAN pidbe T 0GRS PAaEe: hi ckese
of the soft r[&ﬁr&gh 'bﬁ nj\é'%%edf anGelsasel Qbtt ﬁf&?ﬁ&‘cﬂgat@riél@ugﬂQQ%’?&@'BQS&H ef erably

et an b5nm  t

20 to 150nm en t ickness 1s | ess ere i s a case where it

becones di f f igoy, FeTaNbassa alicyUFéNijagedraltyeFéCoB-basad dlloyasiFeEs-da3ed head, the
magneti c recording |layer 20, and the soft nagnetic |ayer 16. On the other
hand, when t [edoy.lai Gihasad softuraghetic 0BT sudhasCaTaZnbasadaliowieer e t he surface

Case whor et HONEpLRER FYE 41 R FopRAY WAV 0L BROSETh TRRLEh o Nepbb54] The
under| ayer 18 is a[obgé/]er for controlling the crystal structure of the
The thickness of the soft magnetic layer 16 is, for example, 5 to
1000nm and preferably 20 to 150nm. When the thickness is less than 5nm,
there is a case where it becomes difficult to form a suitable magnetic circuit
across the head, the magnetic recording layer 20, and the soft magnetic layer
16. On the other hand, when the thickness exceeds 1000nm, there is a case
where the surface roughness increases. Further, when the thickness exceeds
1000nm, there is a case where the sputtering film formation becomes difficult.
[0054]
The underlayer 18 is a layer for controlling the crystal structure of the
magnetic recording layer 20 and is made of, for example, Ru. The underlayer
18 may be a laminated film of a plurality of kinds of films.
[0055]
The magnetic recording layer 20 is a perpendicular magnetic recording
layer and comprises a granular layer 32, a coupling control layer 34, and a
continuous film layer 36. The granular layer 32 and the coupling control layer
34 are layers that become necessary when a reversed domain nucieation
magnetic field Hn of the magnetic recording layer 20 is insufficient only with the
granular layer 32. When the reversed domain nucleation magnetic field Hn

becomes sufficient only with the granular layer 32, the coupling control iayer 34



magnetic recording layer 20 and is nmade of, for exanple, Ru. The underl| ayer
18 may be a lamnated filmof a plurality of kinds of filns. [0055] The
magneti c recording |layer 20 is a perpendi cul ar magnetic recording |ayer and
conprises a granular |ayer 32, a coupling control layer 34, and a

continuous filmlayer 36. The granular |layer 32 and the coupling control

| ayer 34 are |layers that becone necessi@®y when a reversed domai n nucl eation
magnetic field Hh of the magnetic recording |ayer 20 is insufficient only
with the granular |ayer 32. Wen the reversed domain nucl eation nmagnetic

field Hn  becpaaee seHtihushLhin 197Hr B6\hdybd fifitteganul ar | ayer 32, the coupling
control layer 34 18 and the continuous filmlayer 36 may be omtted.

[ 00561 The granul ai00b@lyer 32 is one exanple of a first magnetic layer and is
a l|ayer of a granular structure in which a netal oxide bei na{nga nonmagneti c

substance is segr elPg _8’&“5'@’ B‘Vﬁ'i:?? iﬁ&ﬂﬁ&é"f“’l"%‘? ohp ﬁFﬁtﬁ?aél_f‘ﬁV‘? 'f‘_é%lr dhétic grains
(megnetic crysicaly QeAANR sy bl i BhRnSHhUE] $d b7 a BnkhAbiR! maanet i c

grains are ghe I'y" and” spat y Séparate om eac r by the

nonmagneti c ssgQighed S Sehidghled a8 hRIMbAINdhAYLS rﬁﬁiatdrﬁ@@ﬁkgwéﬁc grr_amsgr anul ar
| ayer 32, use can be nmade of, for exanple, a layer (CoCrPt-TiO2 layer) in

whi ch Ti @2 bdimagneticmrystaigmnans)c Withshiastrecture, therirdivigial magmete grginsi n
boundaries of CoCrPt crystals bei negqﬂnagneti c grai ns, Silicon oxide such as
Si @2 can be fegageeticalinandspatiaicseharmied,iiem anl pgr bythe mn@maaNglig or nat i vel v,

use may be n%ggst?&cegiﬂ%%@lrang@l}%gepgg.de or the like. [0058] Gven that a

net al cont ai ne ne in‘the granular layer 32 is X, the content
of the netal oxideo¥6y is, for exanple, 5 to 20at% and preferably

As the granular layer 32, use can be made of, for example, a layer
{CoCrPt-TiO; layer) in which TiO; being @ nonmagnetic substance is
precipitated at grain boundaries of CoCrP1 crystals being magnetic grains.
Silicon oxide such as SiO; can be used as a nonmagnetic substance instead of
TiO..  Alternatively, use may be made of another metal oxide or the like.

[0058]

Given that a metal contained in a metal oxide in the granular layer 32 is
X, the content of the metal oxide XOy is, for example, 5 to 20at% and preferably
8 to 14at%. The thickness of the granular layer 32 is, for example, 3 to 20nm,
preferably 8 to 16nm, and more preferably 7 to 15nm. The granular layer 32 is
preferably formed by a reactive sputiering method in an oxygen atmosphere.
This makes it possible to properly form suitably-shaped magnetic grains.

[0059]

The coupling control layer 34 is a layer for controlling the strength of
magnetic coupling between the granular layer 32 and the coupling control layer
34. In this example, the coupling control layer 34 is, for example, a Pd layer of
an fcc crystal structure.  The thickness of the coupling control layer 34 is, for
example, 2nm or less and is, for exampie, 0.5 to 1.5nm and preferably 0.7 to

1.0nm. The coupling control layer 34 may be a Pt layer.



8 to 1l4at% The thickness of the granular layer 32 is, for exanple, 3 to
20nm preferably 8 to 16nm and nore preferably 7 to 15nm The granul ar

| ayer 32 is preferably formed by a reactive sputtering nmethod in an oxygen
at nosphere. This nmakes it possible to properly form suitably-shaped
magnetic grains. [00591 The coupling control layer 34 is a |layer for
controlling the strength of nagnetic cmupling between the granular | ayer 32
and the coupling control layer 34. In this exanple, the coupling control

| ayer 34 is, for exanple, a Pd |ayer of an fcc crystal structure. The

thi ckness of the cmegbj ng control layer 34 is, for exanple, 2nmor |less and
is, for exanple, 0.5 to 1.5nmand preferably 0.7 to 1.0nm The coupling
control |ayer 34 niile bentanubus fileyleyer 369s a[4y@6 0] whithemagneticraxsbandei | m | ayer 36

is a layer in which lr;ﬁcgnet_ic exchange coupling in a direction parallel to
the main sur feaupling in@irestioisparaliel tojhe maim syrfacs X e YSERABI2 1 n the direction

parallel tot mal NS e of . k&t IE(,ZW | ains of the
cont i nuous fi%&t'%@ry %&Jngg'e f?\etp(%ﬁh%cé@ﬁ@%«%%?letgt 0 8@25%'“%{)%@#%\& th a coupling
force great ergjRatetRaialRéitafins bie BBONRILLS filT Ry&BE4ret he granul ar | ayer
32. Further, the magnetic grains of the continuous filmlayer 36 are
magnet i cal | y exchasgegecupEdab edch otheheithmagouapling forge graaserdhart that bateeen ar | ayer
32. By this, the continuous filmlayer 36 controls the nagnetic exchange

energy bet wedhe fMagngiiggrainsof fregraruidilaya2qr pithesrthe magepicgraing@f t her, with
n o . ¢ g | . % S
BRCTITA I T Se T S e P

by magneti z e gr e reversed

domai n nucl eagrbinB off@nRanarfaRl d2HNBethid, e soR@IAGIUsFiim e/t db aentrdi@yer 20.
Therefore, with this configuration, It is possible to inprove the thernal

stability of thecwmgdetic @ichaageencriebetiveek thegsagretic igeainoeftthegaunslafi | m | ayer
30 1s, Tor exal'ss Furier Wi the configuration, magnetzation of the Gontnudus fim < ¥ 3 10
layer 36 is pinned by magnetization of the granular layer 32, thereby increasing
the reversed domain nucleation magnetic field Hn of the magnetic recording
layer 20. Therefore, with this configuration, it is possible to improve the
thermal stability of recorded signals. The thickness of the continuous film layer
36 is, for example, 1 to Snm, preferably 3 to 5nm, and more preferably 3 to
4nm.
[0061]
A ratio A/B between a thickness A of the granular layer 32 and a
thickness B of the continuous film layer 36 is, for example, 2 to 5 and preferably
3to 4. With this configuration, suitable perpendicular magnetic recording
characteristics can be exhibited by the exchange coupling of both layers. A
magnetic anisotropy constant (maximum anisotropy energy) Ku of the
continuous film layer 36 is, for example, preferably greater than that of the soft
magnetic substance. With this configuration, it is possible to reduce the width
of domain walls formed in the continuous film layer 36. The magnetic

anisotropy constant Ku of the continuous film layer 36 may be smaller than that

of the granular layer 32. A coercive force Hc of a material forming the



4nm [00611 A ratio A/B between a thickness A of the granular |ayer 32 and
a thickness B of the continuous filmlayer 36 is, for exanple, 2 to 5 and
preferably 3 to 4. Wth this configuration, suitable perpendicul ar magnetic
recording characteristics can be exhibited by the exchange coupling of both
| ayers. A nmagnetic anisotropy constant (maxinmum ani sotropy energy) Ku of
the continuous filmlayer 36 is, for e®nple, preferably greater than that
of the soft magnetic substance. Wth this configuration, it is possible to
reduce the width of domain walls forned in the continuous filmlayer 36.
The magneti c contim SRk fioRYayeoBs naRbeKidr ekarhle, shadier than wisatfof tha rhatgesl 36 may be
smal l er than that of the granular |ayer 32. A coercive force He of a

mat eri al f or fomgjng He magnetio grainfuefibe pianar leyer336 may be, for exanpl e,
smal | er than that Pf ége material formng the magnetic grains of the
granul ar | ayer 32.9P§ 21 In this exanple, the continuous filmlayer 36 is

2 multiLayer 11 m s eRodBGhifdRYE Byb0S RASmIRRIBOARIA Grichy er S 108

are alternately | amnate y about three or three |l ayers)

for each. Themagm@fietdyerd fydndlithmaghetnigyss a0B e sifercatsiptamidatedgpet i c | ayer
and is, for exanple, a CoCr layer containing nagnetic grains of CoCr. The
magnet i ¢ | ayeaboudibresoayers i&9. tworor thige igyets) farggelat i heonganedic 1ayeal®& of CoCr

O oD et Al o2k S S i EABE RN AL Elarifgse BBEpeH " o2
e 1ot °, SHTRPEBRG IRS oL s 1o agniscp Apalehia
magneti c | ayesxample, ntagastiac &psthygrains of @sCHsfsmIrtichetysidleacturmgmnethec  grai ns
contained in the magnetic |ayer 106 are not required to have a crystal
structure. magnetic layer 106, the width of each of grain boundaries of the magnetic
grains is less than 0.8nm. The thickness of the magnetic layer 106 is, for
example, 0.1 to 1nm, preferably 0.2 to 0.5nm, and more preferably 0.3 to 0.4nm.
When the magnetic layer 106 is extremely thin as described above, magnetic
grains contained in the magnetic layer 106 are not required to have a crystal
structure.
[0063]
The nonmagnetic layer 108 is, for example, a nonmagnetic Pd layer of
an fcc crystal structure.  The thickness of the nonmagnetic layer 108 is, for
example, about 0.8nm. When configured in this manner, interface magnetic
anisotropy is generated at the interface between the magnetic layer 106 and the
nonmagnetic fayer 108. By stacking the layers 106 and 108, for example, by
three layers for each, it is possible to obtain necessary perpendicular magnetic
anisotropy. Therefore, by forming the continuous film layer 36 as the multitayer
film like in this example, it is possible to reduce the thickness of the continuous
film layer 36.
[0064]
The continuous film layer 36 may have a CoB layer as the magnetic

layer 106. The continuous fitm layer 36 may have, for example, a Pt layer as



[ 00631 The nonmagnetic layer 108 is, for exanple, a nonmagnetic Pd | ayer of
an fcc crystal structure. The thickness of the nonmagnetic |ayer 108 is, for
exanpl e, about 0.8nm When configured in this manner, interface magnetic

anisotropy is generated at the interface between the nmagnetic |ayer 106 and
the nonmagnetic |ayer 108. By stacking the |layers 106 and 108, for exanple,
by three layers for each, it is possibpe to obtain necessary perpendicul ar
magneti c ani sotropy. Therefore, by formng the continuous filmlayer 36 as
the nultilayer filmlike in this exanple, it is possible to reduce the

thickness of hbB@oRMAgRElIEsRr 108! MTHeAREindus filrd RG4A36 Mg Beilaminiets il m
| ayer 36 nay have a B | ayer as the nagnetic |layer 106. The conti nuous

filmlayer 36filmgZoXé&dxr Rilorin ashivhpdayers af #Co Icalyleoumisampd tayersmurtagnet i ¢ | ayer
108. The contlnuousfllmla er 36 may be a_l am ate |Imr{§q§ Pd or Pt]n
in which | aye'?‘%eréﬁreaa tEsnale nated Ry rq:layq@{pé,egctbr g fhis Fasfef alternately

ot nated by 4, LYK b0k 1885Hps LB i 6B3and RADERBoodEinel CoX | aver

becones a Iaye corresp Seco ayer 65]
Al ternativel yigygthe continuous filmlayer 36 may be, for exanple, a
si ngl e-l ayer f| Imwith high Pt content. In this case, the continuous film
| ayer 36 becones #06ayer correspondi ng to the second nagnetic |ayer. The

Cot e capMiSrabiel SR Gt S s P ate. Sxor?
Nd2Fel14B, wzg%g_%i PfumtJJ@m k;h rﬁtQH@GIn thE*?:%sé’,rtRé‘é‘&ﬁtln\ﬁSué ﬁ’%%y&%ea”d the
ayer 3 are fturther ?ormed

| ubricating I
becomes a layer corresponding to the second magnetic layer. The continuous

film layer 36 may be a single-layer film of, for example, CoCrPt, CoPt, CoPd,
FePt, CoPts, CoPds, amorphous TbFeCoCr, SmCos, Nd2Fe14B, CozgPtsg, or the
like.

[0066]

The protective layer 22 and the lubricating layer 24 are further formed
on the continuous film layer 36. The protective layer 22 is a layer for protecting
the magnetic recording layer 20 from an impact of the head. The protective
layer 22 is, for example, a carbon-based film of a diamond-like structure. The
lubricating layer 24 is a layer for increasing lubricity between the head and the
magnetic recording medium 10. The lubricating layer 24 is, for example, a film
of PFPE (perfluoropolyether) formed by a dip coating method.

{0067]

In the manufacturing processes of the magnetic recording medium 10,
the respective layers from the adhesive layer 14 to the continuous film layer 36
are each preferably formed by a sputtering method. Particularly, a DC
magnetron sputtering method is preferable because uniform film formation is
enabled. On the other hand, the protective layer 22 is preferably formed by a
CVD method. A carbon-based film formed by the CVD method is improved in

film hardness as compared with that formed by the sputtering method.



on the continuous filmlayer 36. The protective layer 22 is a |layer for
protecting the nagnetic recording |layer 20 froman inpact of the head. The
protective layer 22 is, for exanple, a carbon-based film of a dianond-Iike
structure. The lubricating layer 24 is a layer for increasing lubricity
bet ween the head and the magnetic recording nmedium 10. The | ubricating

| ayer 24 is, for exanple, a film of PFEE (perfluoropolyether) forned by a
dip coating nethod. [0067] |In the manufacturing processes of the magnetic
recordi ng nmedium 10, the respective layers fromthe adhesive |ayer 14 to

t he conti nuoushdrefore, bgYernidiPthedicieCRehayer 22 &y & @VDasmed, byis posgplé t eri ng
met hod. Particularly, a DC magnetron sputtering nethod is preferable

because uni f otorpréparinpreteaithe ovagnstic reaerdingdayena0 apainst ansimpaaiiecnm thee
protective layer, 22 is preferably formed by a CVD nethod. A carbon-based
filmfornmed bﬁeqdhe CVvD nmethod is inproved in filmhardness as conpared with
that forned by the @@éﬁtering nmet hod. 22 Therefore, by formng the
protective | ayer 2£ y'the CVD nethod, it is possible to properly protect

t he magnetic recor igl@ dhowelex@PpRgabtisdf Dsedtionari gfanalr tdyer 3hewdn [ 0068]
Fig. 2 shows exanples each of a section of a granular |layer 32 taken al ong
t he pl ane parapp@thetpdane pasalie! dua Magesuwiace oka phstrates12 2 Thedellowid owi ng

phot ogr aphs) TeARER by O EPRa A SRR SF R BRraiTe) e PRy Teloos]  Fi .
Thie secti on BIaTRar e Ll & B R R od =M nul & 1 ayer 32 in
a magnetic recordi (@eskdi um 10 according to Exanple 1 which will be
described later. In Exanple 1, a nonnmagnetic substance of the granul ar |ayer
Fig. 2(a) is a first example of a section photograph of the granular layer
32. This section photograph is a section photograph of the granular layer 32 in
a magnetic recording medium 10 according to Example 1 which will be
described later. In Example 1, a nonmagnetic substance of the granular layer
32is TiQ.. In this case, the density of the nonmagnetic substance is 4.2g/cm®.
[0070]
Fig. 2(b) is a second example of a section photograph of the granular
layer 32. This section photograph is a section photograph of the granular layer
32 in a magnetic recording medium 10 according to Example 4 which wiil be
described later. In Example 4, a nonmagnetic substance of the granular layer
32 is SiO,.  In this case, the density of the nonmagnetic substance is
2.45g/cm®.
[0071]
In order to observe magnetic grains using the transmission electron
microscope, it is necessary to reduce the thickness of a sample to, for example,
about 10 nanometers. This sample preparation can be performed by, for
example, grinding called ion milling. More specifically, for example, a magnetic

layer (granular layer 32) being an observation object in the magnetic recording

medium 10 is conically ion-ground from its upper and lower sides by ion milling



32 is TiM. In this case, the density of the nonmagnetic substance is
4.2g/cnB. [0070] Fig. 2(b) is a second exanple of a section photograph of
the granular |ayer 32. This section photograph is a section photograph of
the granular layer 32 in a nmagnetic recording medium 10 according to
Exanple 4 which will be described later. In Exanple 4, a nonmagnetic
substance of the granular layer 32 is & Q2. In this case, the density of

t he nonmagnetic substance is 2.45g/cnB. [0071] |In order to observe
magneti c grains using the transm ssion electron mcroscope, it is necessary

to reduce theaddihek oBssvationaan dPakriddput Lising @parieheavinglosuffickdhtipanonmet er s.
Thi s sanpl e preparation can_be perforned by, for exanple, grinding called
ion mlling. wouesdtpisknesscallhg resphition ebitp transmisaiag eéaciren MirQeqopeds anul ar

| 32) bei ti bject in th ' ' di 10
2 coni cal 'y SORTRGLAGIOFIRG Pt LB ARa BTRARG NECKA POl 1 11 ng 23
and then obs egiyaldraadindies 4ih Bibmir ofShAFmAGRIYELJrAR H1aehy 2

sufficiently reduced e resolution of the transm ssion el ectron
m croscope i snardeieters) ingdutigichpioutiengsedvation. el ect romagnetic | ens and the
wavel ength of electrons, but, since the grain dianeter of each magnetic
grain is several f¥H8heters, it is sufficient for the observation. [0072]
As images observed by the transm ssiopn el ect.ron nicroscope, there are an
Mage by dark 11 o ASUpea ARBRE A Rereri kot fe B AR R e BER ALt  on.
The dark fi el gh pRSRYATdiOReI 3BSerPtlon dnbtaRifas&BE g VieRl dkeRhfiGH. M ons
transmtted thro ghﬁ‘(zcI srarlrp?le %ey novi r?g ar|1 ogi@egt?% |aperture In the

m croscope. | Thd Hark fiekilzbeewatioromseseintyddierfetenbe wavessoflmleayiohs ahnanipied t i on
where the sanple is present, and dark at a portion where the sanple is not
present. On tHeoughifesamiie By moNeg an objective aperture in the microscope. In this

observation method, it becomes bright at a portion where the sample is present,
and dark at a portion where the sample is not present. On the other hand, the
bright field observation uses only electrons transmitted through an objective
aperture among electrons transmitted through a sample. In this observation
method, it becomes dark at a portion where the sample is present, as opposite
to the dark field observation.

[0073]

Since probe electrons are subjected to diffraction due to electrons in
atoms, the probe electrons are more diffracted as the electron density in each
atom increases, i.e. when the atoms are heavy atoms. Therefore, in the bright
field observation, it becomes dark at a portion where heavy atoms are present
in large humber and is brightly observed at a portion where light elements are
present in large number. In an observed image, portions occupied by
magnetic grains can be confirmed by performing X-ray analysis on a sample
and making collation with the results thereof.

[0074]

Images shown in Fig. 2 are images of magnetic grains observed by the

bright field observation. Since the ratio of light elements is large at



bright field observation uses only electrons transmtted through an

obj ective aperture anong electrons transmtted through a sanple. In this
observation nethod, it becones dark at a portion where the sanple is
present, as opposite to the dark field observation. [0073] Since probe

el ectrons are subjected to diffraction due to electrons in atons, the probe
el ectrons are nore diffracted as the el2tctron density in each atom

i ncreases, i.e. when the atons are heavy atons. Therefore, in the bright
field observation, it becones dark at a portion where heavy atons are

present in |airgaghetdpdrtionyiad Soniyaredivitly thelriggnetid gading tombganicwher e | ght
el ements are present in large nunber. In an observed inage, portions
occupi ed by graipaere ebspreadibick imcandrasicand therpanmggnebie Portiendgrex- r ay anal ysi s

on a sanple nd ing collafion with the results thereof. [0074] | nages
shown in Fi g.oat’feﬁﬁggﬂ"ﬂgbﬁ@t@?{rmgneti c grains observed by the bright field

observation. Since déﬁ-g ratio of light elenents is |arge at 24 nonnmagnetic
portions as corrparg V\Jth the magnetic grains, the magnetic grains are
observed thick in EnBriasicedidgraine of trensghiet plotapaphostownrie Figolser ved thin
in contrast. [00751 Fig. 3 is trace diagrans of the section photographs

shown in Fi g.Fig.3(aFsg diagray trasing tae atpfilesmof theonagnetin grainoinipadot 81e t he

30y i s a i A PaEyAgh she sanid @l B oRY SRgRaL arae R n part of
the section phgtiegbfiAB rdiPdtic braids!id part &f iE sefildh phdtdgkadtSstibwiiiRglgam f or _
explaining a long dianeter ( L!)J and a short dianmeter ? S) of a nmAgnetic grain
in the secti oAbpndig. S(0)¢ aidiageanhyoremplaingigngloag diaoretérdh) add & bieort r ace di agr am
shown in Fig. digrgnlejke'r (El‘,)nof %rncwiaegrnettig g?a?rx iinr{ﬁe Esgcetioﬁ gﬁg ?ssobtained by enlarging a
portion of the trace diagram shown in Fig. 3(b). In order to define the shapes
of the magnetic grains, the longest diagonal is given as a long diameter (L) and
the shortest diagonal is given as a short diameter (S) with respect to each of the
magnetic grains in the section. In this case, the long diameter (L) of the
magnetic grain is a diameter of a circumscribed circle of a closed curve aleng
the sectional shape of the magnetic grain, while, the short diameter (S) of the
magnetic grain is a diameter of an inscribed circle of the closed curve along the
sectional shape of the magnetic grain.
[0076)
As the value of a ratio (L/S) between the long diameter (L) and the short
diameter {S) approaches 1, it represents that the magnetic grain in the section
approaches a true circle. Hereinbelow, this ratio (L/S) will be used as a
numerical value that defines the shape of a magnetic grain, thereby evaluating
the magnetic properties of the magnetic recording medium 10.
[0077]
Fig. 4 is histograms each of distribution of ratios (L/S). . Fig. 4(a) is a
histogram with respect to the section of the granular layer 32 shown in Fig. 2(a).

The half width at half maximum of this histogram is 0.21. Fig. 4(b) is a



of the magnetic grains, the | ongest diagonal is given as a |long dianeter (L)
and the shortest diagonal is given as a short dianeter (S) with respect to
each of the magnetic grains in the section. In this case, the |ong dianeter
(L) of the magnetic grain is a dianeter of a circunscribed circle of a

cl osed curve along the sectional shape of the magnetic grain, while, the
short dianeter (S) of the magnetic graghm is a dianeter of an inscribed
circle of the closed curve along the sectional shape of the magnetic grain.
[00761 As the value of a ratio (US) between the long dianeter (L) and the
short di anetkistog@n aiprazpedtas thk sdction efthe geanukar tdyst 32 SieowrsigrFg.i2¢o)grai n in
the section approaches a true circle. Hereinbelow, this ratio (US) wll be
used as a nuhkg habwidthaathelf maximere of thisshistagraghis §5%f a nagnetic grain,

t her eby eval uating o?ﬂfj magneti c properties of the magnetic recordi ng nmedi um
10. [00771 Fig. 219 i stograns each of distribution of ratios (US). Fig.

Aa) is a_histoor aifethdnafaRAFS: 1o hiGmIR imSbotdiPotthasLRY) | aver 32

shown in Fig. 2(a). The th at half maxi muntof this histogramis
0.21. Fig. 4(fakes such admlud)img®gragnety driins eagefotmed by Agliselty bbn of the
granul ar layer 32 shown in Fig. é\%b)' The hal f w dth at hal f nmaxi num of
thi s hi st ogr afgaeti geins P@mﬁqgtog anareisea ) RUrpPertim they saclen of#B&ki num of t he
hi stogram of ratios (U t akes..suc .val ue,. | arge_nmagnetjc,grains each
formed by a ph APt abercle andliig R v it v s BaT atonEripg ' el 7
number in theseaitlifd Ofherdibre, BitRHE SdnfigdraRion, 3ds pBSLIBIBYUST &binplitde-bi t
boundari es each approxi nate the ideal Straight [ine. Therefore, with this
conf i gur at i onredute naisecasiet be irrdgular enagmplizatiod ransitaiuibeherebg enprevessed by

irregul ar magnetization transition to thereby inprove the SINratio of the
magneti ¢ reco@iSHy raHouet g megnetic recording medium 10.

[0079]

Particularly, when TiO; is used as the nonmagnetic substance as in the
configuration shown in Fig. 2(a), it is possible to form the granular layer 32
containing more magnetic grains close to a circular shape. Further, even when
the distance between the magnetic grains decreases, coupling therebetween
hardly occurs and thus the magnetic grains can be properly separated from
each other physically. Therefore, in this case, the half width at half maximum
of the histogram becomes smaller. Further, by this, the write-bit boundaries
each more approximate the ideal straight line and thus it is possible to further
improve the S/N ratio of the magnetic recording medium 10. Further, the
reversed domain nucleation magnetic field Hn of the magnetic recording layer
also becomes higher.

[0080)

Herein, in the section of the granular tayer 32 taken along the plane
parallel to the main surface of the substrate 12, the half width at half maximum
of the histogram is, for example, 0.1 to 0.6, preterably 0.2 to 0.5, and more
preferably 0.3 to 0.4. With this configuration, it is possible to properly improve

the S/N ratio of the magnetic recording medium 10.



[0079] Particularly, when TiQ2 is used as the nonmagneti c substance as in
the configuration showmn in Fig. 2(a), it is possible to formthe granul ar
| ayer 32 containing nore nmagnetic grains close to a circul ar shape.
Further, even when the distance between the magnetic grains decreases,
coupling therebetween hardly occurs and thus the magnetic grains can be
properly separated from each other phyggcally. Therefore, in this case, the
hal f width at half maxi rum of the histogram becones smaller. Further, by
this, the wite-bit boundaries each nore approximate the ideal straight
line and thus it igogepsible to further inprove the S/Nratio of the
magneti c recordi ng nmedium 10. Further, the reversed domain nucleation
magnetic field Hh &nthéethenhard,ithe vasiaoeelbigrainaljameters of theomagmelis hi gher .

0080] Herein, in th i t | ar | 32 tak th
blane. par al | GRS g {TexaEple. Sl B! e pReas e Areedh rfREON P i at b a

hal f i ' ' ; bly 0.2
fo 0.5 and e of B sheRB AT lgmetc R G Hcte draits, ddidle pRIEBHRYY

possi bl e to pg @praeh Yr e8P OMRe aviehyeSirAin ldiin d1ei0df thdmaghetitadraias i3 @r di ng nedi um

10. 26 [00811 On the other hand, the variance of grain dianeters of the
magnetic gr a®ni ang prefeyablyddmpne. Fhe gradndensity ohtbednagnetje gpins is, fai anet er

f bly 7 t 5% of [ ' f the nr ti ins,
Bnd more pr ot SRR 108 't (58 oBirarR rederahci o0 sl s BPRNGLer of Che

magneti c grai {fonisc1dohf. 8nm and preferably 4 to 6nm The grain density of
the magnetic grains Is, for exanple, 100 to 150 grains and preferably 100
to 120 grains per [gagepn of 100nnx100nm [0082]

The width of a region occupied by the nonmagnetic substance between
the magnetic grains is 0.8 to 1.3nm and preferably 0.9 to 1.1nm. The density
of the nonmagnetic substance is 2.4g/cm® or more, preferably 3.0g/cm® or more,
and more preferably 4.0g/cm® or more (e.g. 4.0 to 4.5g/cm®).  With this
configuration, for example, the write-bit boundaries each can more approximate
the ideal straight line. Further, by this, it is possible to further improve the S/N
ratio of the magnetic recording medium 10.

[0083]

As the nonmagnetic substance, it is considered to use a substance
having a higher density. As such a substance, there can be cited, for example,
ZnO (density 5.68g/cm®), BaO (density 5.72g/cm®), BixO3 (density 8.9g/cm®),
Crs04 (density 6.1g/cm®), CuO (density 6.31g/cm®), HfO; (density 9.68g/cm?),
MoO; (density 6.47g/cm®), NbO, (density 5.9g/cm®), ReO, (density 11.4g/cm®),
RuQ; (density 7.05g/cm®), Ta,0s (density 8.2g/cm®), WO (density 10.8g/cm?),
or the like.

[0084)

Hereinbelow, this invention will be described in further detail by
Examples and Comparative Examples.

{Example 1)



The width of a region occupied by the nonmagnetic substance between the
magnetic grains is 0.8 to 1.3nmand preferably 0.9 to 1.1 nm The density of
t he nonmagnetic substance is 2.4g/cnB or nore, preferably 3.0g/cnB8 or nore,
and nore preferably 4.0g/cnB or nore (e.g. 4.0 to 4.5g/cnm). Wth this
configuration, for exanple, the wite-bit boundaries each can nore
approximate the ideal straight line. Fetther, by this, it is possible to
further inprove the SIN ratio of the magnetic recording medium 10. [0083]
As the nonmagnetic substance, it is considered to use a substance having a

hi gher density. Asasu@ibrphciisRaiminesticatdglass ie amolde inict £disk Bledpeayanpl e,  ZnO
(density 5.68g/cnm, BaO (density 5.72g/cm, Bi203 (density 8.9g/cnB), Cr304
(density 6.1 dyech@pss.temebyipiodicing 8 giess giskm) Thisiges diskisgnoynd. 68g/ cnB) ,

M2 (densit . 479/ c NbO2 (density.5.9qg/c Re2 (density 11.4qg/cnB),
RCh | domel (POl B ahemkabCHInIREERY [ SsIge e PP EIRBRE v 10, Bgy o)
the [ike. o , ST A - :
Purther dot i 1HESGe 12TRA Y S0RbAKnohiagne B URKUAR iineliolpfolEetidnifny I
anor phous al ugtighgihiehéd glaes BiskS SThessurake eslighnéss af tith sikinsduaaee bithdi rect press,

thereby producing a glass disk. This glass disk is ground, polished, and
cheni cal | y stsubstigiadRde whengaeasurreby ambirMugtonta fares migragcorglbdt rate 12 bei ng

3 SO MONTEA08h bl R v RO o8 SBR[ Sp: el
e o AR R ol ASIRARPREAPS) | 1 STl T ace
Japanese | ndustri alog8spndard (JIS).

Subsequently, using an evacuated film forming apparatus, an adhesive
layer 14 up to a continuous film layer 36 are formed in sequence on the
substrate 12 in an Ar atmosphere by a DC magnetron sputtering method.

[0086]

In this event, the adhesive layer 14 is formed using a Ti alloy target so
as to be a Ti alloy layer of 10nm. The soft magnetic layer 16 is formed using a
CoTaZr target so as to be an amorphous CoTaZr layer of 50nm. Further, as
the undertayer 18, a Pt layer is first formed to 3nm and a Ru layer with a
thickness of 10 to 20nm is formed thereon.

[0087]

Then, the granular layer 32 in the form of a CoCrPt-TiO; layer having an
hep crystai structure is formed using a hard magnetic target made of
CoCrPt-TiO,.  Further, the coupling control layer 34 in the form of a Pd layer
and the continuous film layer 36 in the form of [CoB/Pd]; layers are formed in a
low Ar gas pressure atmosphere. In the continuous film layer 36, the thickness
of each of the CoB layers being magnetic layers 106 is set to 0.35nm and the
thickness of each of the Pd layers being nonmagnetic layers 108 is set to
0.8nm.

[0088]



[ 0085] Subsequently, using an evacuated filmform ng apparatus, an adhesive
| ayer 14 up to a continuous filmlayer 36 are fornmed in sequence on the
substrate 12 in an Ar atnosphere by a DC magnetron sputtering method.

[0086] In this event, the adhesive layer 14 is formed using a Ti alloy
target so as to be a Ti alloy layer of 10nm The soft magnetic layer 16 is
formed using a CoTaZr target so as to 8 an anorphous CoTaZr | ayer of 50nm
Further, as the underlayer 18, a Pt layer is first forned to 3nmand a Ru
| ayer with a thickness of 10 to 20nmis fornmed thereon. [0087] Then, the
granul ar layer 32 iFaorthdread aprotedtiva ldyeCeBta chrfish-based il av a d@naomd-ikep cryst al
structure is formed using a hard magnetic target made of CoCrPt-Ti 02.

Furt her, the #BEhre mgfomﬁmoa Vi apt sdwhﬂe igingnthsr vagupen 9fdhasklm and t he
contlnuousfl m | ayer 3 f. /Pd s are fornmed in a

| ow Ar gas prQEE'GPé‘PB% ﬂ'g?phat’%reaﬁerf Eﬂ‘\’ﬁ”‘é g EH’&B%% L??ﬁ{%l ayer 36, the

t hi ckness R C set to

0. 35nm and th(g%ﬁf(ilﬁlro?&)hﬁeagfr)% %enlgg%%gf% %%6%3 ay'gds gg?ﬁgéﬁgﬁﬁggﬁgtlc | ayers
108 is set tolubficalingilaypePP8R]seR® atout tihrer, as a protective |ayer 22, a

carbon-based filmof a dianond-like structure is formed by a CVD met hod
whi | e mai ntai ni ng {#¥8%acuum of the film form ng apparatus. Thereafter, a

et gl o T Ben B BB BT D e (P 1
nm [0089]  Thiery thbBuMBDHB6 g tBEthﬁféelS@@ébrféﬁﬁaﬁf | PedkraHaaigion? Magnetic
electron microscope (TEM) observation of a granular layer 32, a magnetic
recording medium not formed with a coupling control layer 34 or a continuous
film layer 36 is also fabricated.

[0090]

Using as indices various parameters of the shapes of magnetic grains
in a section paraliel to the main surface of the substrate 12, the film forming
conditions of the granular layer 32 are properly adjusted so that such various
parameters take values within predetermined ranges, respectively. This
adjustment is carried out by, for example, observing, using the transmission
electron microscope, a section of a granular layer 32 of a magnetic recording
medium 10 fabricated by way of trial and properly changing the film forming
conditions by feedback of observation results. As various parameters of the
shapes of magnstic grains, use is made of numerical values such as, for
example, the half width at half maximum of a histogram of ratios (L/S) each
between a long diameter (L) and a short diameter (S) of a magnetic grain, the
variance of grain diameters of magnetic grains, the average grain diameter of
magnetic grains, the grain density of magnetic grains, and the width of a region
occupied by a nonmagnetic substance between magnetic grains.

[0091]

(Example 2)



recordi ng nmedium 10 according to Exanple 1 is fabricated. For transm ssion
el ectron m croscope (TEM observation of a granular |ayer 32, a nagnetic
recordi ng mediumnot fornmed with a coupling control |ayer 34 or a continuous
filmlayer 36 is also fabricated. [0090] Using as indices various
paranmeters of the shapes of magnetic grains in a section parallel to the
mai n surface of the substrate 12, the fg¢ mformng conditions of the
granul ar layer 32 are properly adjusted so that such various paraneters
take values within predeterm ned ranges, respectively. This adjustnent is

carried out by, fOmrﬁiﬁaﬂb%coﬂhﬁqu\ébﬂﬂnmﬁdoﬁﬂiiﬁd% Exafi}iaTR fsfabricat@] ect ron
m croscope, a section of a granular |ayer 32 of a magnetic recording nedium

10 fabri cat edinbiiye saye ofanper ad indrxdmplecber | y changing the filmform ng
conditions by feedback of observation results. As various paraneters of the
shapes of magnetic ns, use is made of nunerical values such as, for
exanpl e, the half Xr%%ﬂ E hal f maxi num of a hi stogram of ratios (US) each
bet ween a | ong di angeter ? 3 and a short dianmeter (S) of a magnetic grain,

the variance of gmahagrétiareiotdisg MedipOTRadcordifiiorBxaniphe3 a/abAgedr ai n
di ameter of magnetic grains, the grain densi té‘ of magnetic grains, and the
wi dt h of a reigitomsaroe owphedasy Exampleragreep! bakbibzistvsas asaa drEvmagnetitiet i c

grains. [00911 Exanple 2) 2 ghetic recording nmedium 10 according to
Exanple 2 is ?%Eﬁ“&%ggﬂgrqr%'af%éeégﬁ manner as in Exanple 1. [0092]

(Exanple 3) A rragn%d'gg recordi ng medi um 10 according to Exanple 3 is
fabricated in the sanla manner as in Exanple 1 except that Si02 is used as a

nonmagneti c (Example 4)

A magnetic recording medium 10 according to Example 4 is fabricated
in the same manner as in Example 3.

(0094}

(Evaluation)

With respect to Examples 1 to 4, histograms of ratios (L/S) are
produced to calculate half widths at half maximum thereof. Further, the S/N
ratio is evaluated as electromagnetic conversion characteristics of each
magnetic recording medium 10. The S/N ratio is evaluated by actualiy
recording and reading a signal of a predetermined pattern to measure noise.

[0095]

Fig. 5 shows histograms of ratios (L/S) in the respective Examples.
Table 1 shows half widths at half maximum calculated from the histograms of
the respective Examples and values of noise as S/N ratio evaluation results. A
smaller value of noise represents a higher, i.e. better, S/N ratio. It can be said
that when the value of noise is 350uV or less, the S/N ratio is good and, when it

is 200uV or less, the S/N ratio is particularly good.



substance of a granular layer 32. [0093] (Exanple 4) A nmagnetic recording
medi um 10 according to Exanple 4 is fabricated in the sane manner as in
Exanple 3. [0094] (Evaluation) Wth respect to Exanples 1 to 4, histograns
of ratios (US) are produced to calculate half widths at half maxi num
thereof. Further, the S/IN ratio is evaluated as el ectromagneti c conversion
characteristics of each nagnetic recorddng nedium 10. The S/INratio is
eval uated by actually recording and reading a signal of a predeterm ned
pattern to nmeasure noise. [0095] Fig. 5 shows histogranms of ratios (US) in
the respective Examogep. Table | shows half widths at half naxinmm

cal cul at ed fromthe hi st ograns of the respective Exanpl es and val ues of

noi se as S/ N ratio[leblJati on results. A smaller value of noise represents
a higher, i.e. better, SINratio. It can be said that when the val ue of
noise is 350V or less, the SINratio is good and, when it is 200V or |ess,

the SSNratio is partlpularly gooq gﬂﬁm [ Rbise ,1\/)1 Hal f Wdth at
Noi se (V) Half Maxi nupExarple—1-{0-28Y D 187 Exanple 3
0.44 223 Exanple 4 0.p2 E&&ﬁlple‘l 0.21 173

Example 2 0.29 187

Example 3 0.44 223

Example 4 0.52 319

[0097]

As seen from Table 1, the half widths at half maximum are 0.6 or less
and good S/N ratios are realized in all the Examples. Further, in Examples 1
and 2 using TiO; as the nonmagnetic substance, the half widths at haif
maximum are 0.3 or less and particularly good S/N ratios are realized. This is
considered to be caused by the fact that when use is made of TiO, with a
density about twice that of SiO,, the granular layer 32 becomes a dense film, i.e.
an oxide film formed between the magnetic grains becomes dense, and thus Co
diffusion between the magnetic grains is suppressed so that separation and
isolation of the magnetic grains are facilitated.

[0098]

(Example 5)

An amorphous aluminosilicate glass is molded into a disk shape by
direct press, thereby producing a glass disk. This glass disk is ground,
polished, and chemically strengthened in sequence, thereby obtaining a smooth
nonmagnetic disk substrate in the form of a chemically strengthened glass disk.
This glass substrate is a 2.5-inch magnetic-disk substrate with a diameter of
65mm, an inner diameter of 20mm, and a disk thickness of 0.635mm. The

surface roughness of the obtained glass substrate is, when measured by an



[0097] As seen from Table 1, the half widths at half maxinumare 0.6 or |ess
and good S/Nratios are realized in all the Exanples. Further, in Exanples 1
and 2 using Ti 2 as the nonnmagnetic substance, the half widths at half

maxi num are 0.3 or less and particularly good S/INratios are realized. This
is considered to be caused by the tact that when use is made of TiO2 with a
density about twice that of SiO2, the gr3nul ar | ayer 32 becones a dense
film i.e. an oxide filmformed between the nagnetic grains becones dense,
and thus Co diffusion between the magnetic grains is suppressed so that
separ ati on andAFN ¢aibmtd forveahicioheopehgnanoath gurddaesshape withdimax eftetBnnj 0098]
(Exanpl e 5) An anorphous alum nosilicate glass is nolded into @ di sk shape

by direct pred§ Raofd-t3rm.prRmasapgRa f%ﬂo&’g@pap%‘%@.mqtl'ﬁ"éa'a‘%r% K- is ground,
i shed, d oher ; | >
g(r)mlotS he noﬁprag(r:\ete Pc?@%As%ns%tgbgggéa@g&?ﬂQItﬁgéﬁg‘?‘@ﬁ%& Igﬁ%ﬁg%b%na%?ﬂsup bggg? hened

glass disk. Tdonfoldh@s316HSIHdRHEYdr 118 ahd maiketREIRGIdyer U4 KreStiidd ate wi th
a dianeter of 65mm an inner dianeter of 20mm and a di sk thickness of

0. 635mMm The isgeduenee oodighdiels subistratent 0diytRE madnglrerssputteting (seedrig. €). when
measured by an 31 A,FMéiatom'q force mc osc(gﬁe_z', aqi,rmoth surface shape
with Rrax of 2.18nm "SnfieRENGTVRIRYE N | e HnG:a YroY R 5Ap% a

I ndustrial Stangn I Then, an adhesive layer 112, a soft magnetic

| ayer 114, an ori éﬂ?rgoji@)rl]m. control layer 116, an underlayer 118, and a main

recording |ayer 124TRére sblhiReletid layse QU] eaard forinbe stiagko bbfioFsioas 110 by DC
magnetron sputtering (see Fig. 6). First, the adhesive layer 112 is fornmed

using a OTi tkaGgdaliiayers each bic3dam. CAMornmagaetiospaceniayerTtiéh is iooned magnet i c
| ayers 114a, casaar ﬁufla%pg mshg as to be anorphous

Then, the orientation control layer 116 of 10nm made of NiW, the
underlayer 118 with a thickness of 20nm made of Ru, the main recording layer
124 of CoCrP1-TiO,, a continuous layer 126, and a medium protective layer 128
are formed in sequence on the soft magnetic layer 114.

The main recording layer (granular layer) 124 is formed using a hard
magnetic target of 12nm made of CoCrPt-TiO: of an hep crystal structure.
Further, the continuous layer 126 is formed using a CoCrPiB target of 7.5nm
(see Fig. 6).

Next to the continuous layer 128, the medium protective layer 128 of
hydrogenated carbon is formed by a CVD method (see Fig. 6). Since the film
hardness is improved in the form of hydrogenated carbon, it is possible to
protect the perpendicular main recording layer against an impact from a
magnetic head.

Thereafter, a lubricating layer 130 of PFPE (perfluoropolyether) is
formed by a dip coating method (see Fig. 6). The thickness of the lubricating
layer 130 is 1nm.

[0099]

Through the manufacturing processes described above, a



FeCoTaZr | ayers each of 30nm A nonmagnetic spacer |ayer 114b is fornmed as
a Ru layer of 1 nm Then, the orientation control |ayer 116 of 10nm made of
Ni W the wunderlayer 118 with a thickness of 20nm made of Ru, the nain
recording layer 124 of CoCrPt-Ti 02, a continuous |layer 126, and a nedi um
protective layer 128 are forned in sequence on the soft magnetic |ayer 114.
The main recording layer (granular layer32 124 is forned using a hard
magnetic target of 12nm nade of CoCrPt-Ti 02 of an hcp crystal structure.
Further, the continuous |ayer 126 is fornmed using a CoCrPtB target of 7.5nm
(see Fig. 6). peependicalat magoetitt ienerding rhediem at@8ding e Eradplerd ip fatrieatedve | ayer
128 of hydrogenated carbon is fornmed by a CVD nethod (see Fig. 6). Since
the film har %%ygn%w%pl%en mﬁzr@efrfemﬁwmbw@ﬁ%eh%@w eSPIBN, it is

possible to [ t i . I Ny ' I r nst an

I mpact from aqaﬁgqc{éwl rqﬁi%&%@%e’ﬁ%a’%ﬁ'%?%&gd "F(‘ﬁ@(rg?@a [ %é@r af;é"?}& %130 of PFPE
(perfl uoropol yghiRlols fifn 1alyeF Es Rlodakticatesoat i ng met hod (see Fig. 6). The
t hi ckness of the lubricating layer 130 is 1 nm [0099] Through the

manuf act uri ng procef®4e8] descri bed above, a 32 perpendicul ar magnetic
recordi ng medi um according to Exanple 5 is fabricated. 6K For transm ssion
el ectron ni cr oscopeVsintgRf Msines vaHpysoharametgrsefithe shanss & MOINeUGERINE gr anul ar

2er) 324 o2 SRR R0l el B R BB s 1L
E E: Zih?{ze:ugfstf?ﬂ;fgrg&%dlﬁgjtﬁn?ﬁlgﬂﬁelmmﬂn Pecoffihd RPem@fatulatlayed 1oBQréeBiopeAy! f ace of

adjusted so that such various parameters take values within predetermined

ranges, respectively. This adjustment is carried out by, for example, observing,

using the transmission electron microscope, a section of a main recording layer

(granular layer) 124 of a magnetic recording medium fabricated by way of trial

and properly changing the film forming conditions by feedback of observation

results. As various parameters of the shapes of magnetic grains, use is made

of numerical values such as, for example, the half width at half maximum of a

histogram of ratios (L/S) each between a long diameter (L) and a short diameter

(S) of a magnetic grain, the variance of grain diameters of magnetic grains, the

average grain diameter of magnetic grains, the grain density of magnetic grains,

and the width of a region occupied by a nonmagnetic substance between

magnetic grains.

[0101]

{Evaluation)

With respect to Example 5, a histogram of ratios (L/S) is produced to
calculate a half width at half maximum thereof. Further, the S/N ratio is
evaluated as electromagnetic conversion characteristics of the magnetic
recording medium. The S/N ratio is evaluated by actually recording and
reading a signal of a predetermined pattern to measure noise.

[0102]



form ng conditions of the main recording |ayer (granular |ayer) 124 are
properly adjusted so that such various paraneters take val ues within
predeterm ned ranges, respectively. This adjustnment is carried out by, for
exanpl e, observing, wusing the transm ssion electron m croscope, a section
of a main recording layer (granular layer) 124 of a magnetic recording
medi um fabricated by way of trial and @3operly changing the filmformng
conditions by feedback of observation results. As various paraneters of the
shapes of nmagnetic grains, use is nade of nunerical values such as, for
exanpl e, the half whglh kesailt ofhthefevaationion tbé medium shtaipedin BXampgle 5o (US) each
between a | ong di aneter Rg;é and a short dianeter (S) of a magnetic grain,
the variance &@s§geen seddi taakthe half widthafialimeaxigee; besomen 8.3 eessRfdNgr ai n

di anet er of netic, grains,_the grain density. i ins, and the
wi dth of a regi Bwpl‘f:écﬁ!ﬂﬁ'ge} b@@eﬁgrﬁ% %%?ﬁ@'ss%lﬁgb%r%gplgg éﬂ%ﬁf' Sr?'agneti C
grains. [0101hantcEéa) §6dd SN ratif¥d RafiRypect to Exanple 5, a histogram of
ratios (US) is produced to calculate a half width at half maxi numthereof.
Further, the S/ N rafurther,dt hag\belengbefitmad thedt ¢hoet vaviaage et the geaim diansitays
characteristics of the magnetic recording nedium The S/Nratio is

eval uat ed by &ftthednagnetic geaing ing0% ey lessc dieayerags gam digmetsr oftBelet er ni ned

pattern to nmeasure..noi se.. 0102{. 3 a |t of $]| L uat | of the
medi um obt ai né¢f “ﬁ"“E&@WSl’%{“ﬁ,S‘ﬁ"_'”h%s?“@@‘@ﬂ‘ 'rgg‘i'ﬁ"lgﬂg‘fer? "g"'ﬁéf‘?y% $th at hal
Maxi mim beconggeh.apriithé BRife Pardiibl to BAMBINSuHaéd biGhe disk sibstiaieio (Frg val ue of
noise i s 200V or less and thus a particularly good S/INratio is realized.
Further, it h&% been confirmed that the variance of the grain dianmeters of
t he magnetic grai ns[0i1653]20% or less of the average grain dianeter of the
While this invention has been described in terms of the embodiments,
the technical scope of the invention is not limited to the scope of the description
of the above embodiments. It is obvious to a person skilled in the art that
various changes or improvements can be added to the above embodiments. It
is clear from the description of claims that the modes added with such changes
or improvements can also be included in the technical scope of this invention.
Industrial Applicability
[0104]
This invention is suitably applicable to, for example, a substrate for a

magnetic recording medium.

Brief Description of the Drawings

[0105]

Fig. 1 shows one example of a structure of a magnetic recording
medium 10 according to one embodiment of this invention. Fig. 1 (a) is a
sectional view showing the structure of the magnetic recording medium 10.
Fig. 1 (b) is a sectional view showing a detailed structure of a continuous fiim

layer 36 in the magnetic recording medium 10.



magnetic grains in the section of the main recording | ayer (granular |ayer)
124 taken along the plane parallel to the main surface of the disk
substrate 110 (Fig. 8). [0103] Wile this invention has been described in
terms of the enbodi nents, the technical scope of the invention is not
limted to the scope of the description of the above enbodinents. It is
obvious to a person skilled in the art t¥Mat various changes or inprovenents
can be added to the above enbodinents. It is clear fromthe description of
clainms that the nbdes added with such changes or inprovenents can al so be

i ncl uded in the tecFipi2showco@mpids adthof asedtitni a@. granularigyerigital@epl i cabil ity
[0104] This invention is suitably applicable to, . a,substrate

P I for e _angl e,
for a rmagnet iXoNgdbe PANe garalel to s Map sirfagst &SuREER 16+ ?'ﬁe (ABRAGE [ 0105]

Fig. 1 shows I j C o ' medi um 10
ncaording to SAETBRATG Sefin SiodrHah e Blardia RERER T REPREISY (T i

Vi ew showi ng tsegorff EXafipid 6f Péectibs phBOGIabh of hegpardilatdaygedeum 10.  Fig. 1 (b)
is a sectional view showing a detailed structure of a continuous film |ayer
36 in the nagneti c FigeGmhdivadrane diagramof 18 sedtiog phatographs ilwstiatpd ésFigach of a
section of a %rJanuI ar |ayer 32 taken al ongle%h pl ane parallel to a main

surface of a ub§id d(® 83 diggrgm tacing)thg grofies of AONRICHIANG InparkoldB@t i on
T o PR P R of e 2D LA BB 1 2
the section phedthey siRfagrietit Ylinsah art oNtheisgetionZohodglaphBilliatddSinFigli agr am
tracing the profiles of magnetic grains in part of the
2(b). Fig. 3 {c) is a diagram for explaining a long diameter (L) and a short
diameter (S) of a magnetic grain in the section.
Fig. 4 shows histograms each of distribution of ratios (L/S). Fig. 4 (a)
is a histogram with respect to the section of the granular layer 32 illustrated in
Fig. 2(a). Fig. 4 (b) is a histogram with respect to the section of the granular
layer 32 illustrated in Fig. 2(b).
Fig. 5 is a diagram showing histograms produced with respect to
Examples, respectively.
Fig. 6 is a diagram showing one example of a structure of a magnetic
recording medium according to another embodiment of this invention.
Fig. 7 is a diagram showing a histogram produced with respect to
Example 5.

Fig. 8 is a diagram showing the variance of grain diameters of magnetic

grains.

Description of Symbols

[0106]

10 --- magnetic recording medium, 12 - substrate, 14 --- adhesive layer,
16 -+ soft magnetic layer, 18 - underlayer, 20 - magnetic recording layer, 22 -

protective layer, 24 -~ lubricating layer, 32 --- granular layer (first magnetic layer),



section photograph illustrated in Fig. 2 (a). Fig. 3 (b) is a diagram
tracing the profiles of magnetic grains in part of the section photograph
illustrated in Fig. 2(b). Fig. 3 (c) is a diagramfor explaining a |ong

di aneter (L) and a short diameter (S) of a magnetic grain in the section.
Fig. 4 shows histograns each of distribution of ratios (US). Fig. 4 (a) is
a histogramwith respect to the section3bf the granular layer 32 illustrated
in Fig. 2(a). Fig. 4 (b) is a histogramwi th respect to the section of the
granular layer 32 illustrated in Fig. 2(b). Fig. 5 is a diagram show ng

hi st ogr ans pr 84 ucexlipling bontes [ager, 36 o- cdbtianqisdim layes JO6t-i- weigpetidHager 6 is a

di agram showi ng one exanple of a structure of a magnetic recording nedi um
according to éﬁ?@?%?’agwﬁdillf?éhtw%f pONagngliel®®on. Fig. 7 is a di agram
showi ng a hi stogram produced with respect to Exanple 5. Fig. 8 is a diagram
showi ng the variance of grain dianmeters of magnetic grains. Description of
Synbols [01061 10 nmagnetic recording nedium 12 substrate, 14 adhesive
| ayer, 16 soft magnetic layer, 18 underlayer, 20 magnetic recording

| ayer, 22 protective layer, 24 |lubricating |layer, 32 granular |ayer
(first magnetic layer), 35 34 coupling control |ayer, 36 continuous film
| ayer, 106 nagnetic |ayer (second nagnetic |ayer), 108 nonmagnetic |ayer
36 CLAIMS 1. A nmgnetic recording nmedi um conprising a substrate and a

per pendi cul ar magnetic recording |ayer forned over said substrate, said



magneti c recordi ng medi um wherein: said perpendicul ar nmagnetic recording

| ayer conprises a nagnetic |ayer containing nagnetic grains and a
nonmagneti ¢ substance surrounding said nagnetic grains in a section
parallel to a main surface of said substrate, when, in said section, aratio
between a | ong dianeter and a short dianmeter of each of said magnetic
grains contained in said nmagnetic |ayer3és calculated to derive a histogram
of said ratios, a half width at half maxi mum of said histogramis 0.6 or

| ess, and a variance of grain dianeters of said nmagnetic grains in said
section is 20%or |ess of an averagecpamMS di aneter of said magnetic
grains. 2. A magnetic recording nedium according to claiml1, wherein the
half w dth at half nmaxi nrumof said histogramis 0.1 to 0.6, and the

variance of the grain,dianmeters of said magnetic grains is to 20% of said
average grain di arth eft magnelic F‘?&QFJ@N 'Beg'@ré'cﬁ%m%'ﬁ'”ﬁ%oﬁ“bﬁ&a}@@a #ing to claim1,
wherein the G Rl 1 b BRRAP el j [ said section
is 3to 8nm SéiséA né%nﬁ%qhgﬂér: %ﬁﬁ%@yﬁﬁﬁm acggélggﬁgét?d 5&‘,§|a§1 ml, wherein
sai d magnet i cmagtAicdedgdihgyidieevirirgls: sai d magnetic grains at the rate of
100 to 150 grains per region of 100nmx100nmin said section. 5. A magnetic
recor di ng medi um a&aigmgrpandicolas Magnetic reggrdingilayes CINBtises magnelisda®h occupi ed
by said nonmagnet.ic substance. between said magnetic rains is. 0.8 to 1.3nm
6, A magnet i cCAENRNGTRYNRIS RIS 208 AN RFOPBICTURSNSe SYrRndIng B gensi ty of
sai d nonmagnelgnHLRANGS Sttt Ba(aA0% 8imdPStiact bt sdid fosRgBet [ ¢ recor ding
medi um according toclarml, erein: said perpendicular magnetic recording
| ayer further conpmihgasinaaid gestionjagass batwbay glonygdisheteoandashad magneti c

| ayer containing said nagnetic grains
diameter of each of said magnetic grains contained in said magnetic layer is
calculated to derive a histogram of said ratios, a half width at half maximum of
said histogram is 0.6 or less, and

a variance of grain diameters of said magnetic grains in said section is
20% or less of an average grain diameter of said magnetic grains.

2. A magnetic recording medium according to claim 1, wherein the half
width at half maximum of said histogram is 0.1 to 0.6, and

the variance of the grain diameters of said magnetic grains is 5 to 20%
of said average grain diameter.

3. A magnetic recording medium according to claim 1, wherein the
average grain diameter of said magnetic grains in said section is 3 to 8nm.

4. A magnetic recording medium according to claim1, wherein said
magnetic recording layer contains said magnetic grains at the rate of 100 to 150
grains per region of 100nmx100nm in said section.

5. A magnetic recording medium according to claim 1, wherein a width
of a region occupied by said nonmagnetic substance between said magnetic
grains is 0.8 to 1.3nm.

6. A magnetic recording medium according to claim 1, wherein a

density of said nonmagnetic substance is 2.4g/cm® or more.



and sai d nonmagneti c substance surroundi ng said magnetic grains and a
second magnetic |ayer containing magnetic grains with grain boundaries each
having a width of |ess than 0.8nm

37

7. A magnetic recording medium according to claim 1, wherein:

said perpendicular magnetic recording layer further comprises a first
magnetic layer which forms said magnetic layer containing said magnetic grains
and said nonmagnetic substance surrounding said magnetic grains and a
second magnetic layer containing magnetic grains with grain boundaries each

having a width of less than 0.8nm.



