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Stability Measuring Method and Apparatus of Magnetic Reco

Thi-s- appl i cati-on clainms Paris Convention priority right based on Japanese
patent applications Hei 11-94386, Hei._11-94391 and Hei 11-93905, filed on
March 31, 1999, the entire disclosure bf"which is i ncorporated herein by
reference. BACKGROUND OF THE INVENTION 1. Field of the Invention The
present invention relates to nagnetic recording nedia such as a hard di sk
mount ed on HagesPiteRecobdindg Needidsg, paY tfhewhal! grhbiai sRoneidéeriggor di ng
medi um whi ch has a high coercive force and which inhibits the generation
of noi ses duri n@letégenemnst Appachtasr ef oMagmet 1siRpmairdifee Meddsant | nventi on
also relates to a nmethod and apparatus for accurately measuring and

eval uating a signal decay by the thermal fluctuation of a magnetic

recordi ng nedlun1|n a sinmle nethod_before the magnetic recording nedium
is incorporated i G¥ds apRddeeitéont 6fayas abpstatCenvertimegurdigaditon of the
Rel ated Arts As this kind of magnet i c recordlng medi u for exanple such
a nagnetlcﬁﬁﬁhﬁwmﬁﬁ?Qﬂ9& GﬁP§§eé§sEFF%%H appll q%ﬁt ént 94586 cat i on

Lai d-Open oy 3378419904 Bet 11-93905, filed on March 31, 1999, the

entire disclosure of which is incorporated herein by

reference,.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to magnetic
recording media such as a hard disk mounted on a computer,
and the like, particularly to a magnetic recording medium
which has a high coercive force and which inhibits the
generation of noises during regeneration of a recording
signal.

The present invention also relates to a method and
apparatus for accurately measuring and evaluating a signal
decay by the thermal fluctuation of a magnetic recording
medium in a simple method before the magnetic recording
medium is incorporated 1n€§ a magnetic storage apparatus.
2. Description of the Related Arts

As this kind of magnetic recording medium, for
example, such a magnetic recording medium as described in
Japanese Patent Application Laid-Open No., 227516/1996 is

suggested. This magnetic recording medium comprises a



suggested. This magnetic recordi ng nmedi um conprises a 2 basic constitution
wherein two Co-Pt-based nmagnetic |ayers are disposed on a substrate and a
non- magneti ¢ | ayer containing Cr and Mo as nmin conponents is interposed
bet ween these two nagnetic | ayers. Wien the magnetic layer is divided into
two |ayers with the non-magnetic layer~i% “this way, noise can be reduced
in replaying a recorded signal, because the filmthickness of each
magnetic layer is thinner than that of a single magnetic |ayer which is

equal to theaketabohktittibieknessrein theo tdy-aa ayeusmaghettibe1aiBes hand,
for the purpose of reducing the noise, there is suggested a nmagnetic

recordi ng medieumieppkeydi og a subsstatetdroh 4 modimalnatiicntiayeret al | ic
conmpound of a B2 structure is used as an underl ayer, as described in US
Patent No. B50683i426g Thi andnierasetaid iconmemeoisd ief inherpBaedtructure is
generally called a seed layer. In this case, the fine seed |ayer of the B2
structure i betueehethesor ed magret onerayerysr Whder theCnagastdcuhdgerayer
which is conpatible with a Co-based magnetic |ayer, mhe(ebi the Cr-based
| ayer whi chipsdiwaédafdértaybvochaydes didwddia aoncapgpesic épyeaxial
grow h. In consequence, ,the fine Cr- based underl ayer can be fornmed, and
the magneti ERLEYERY, pPELERI CBA PRereMiRed dyer PR Ydngoah&esPrEREd to do the
epitaxial growth.in _accordapce with the fine state of the _underl| ayer,
Whi ch per i FL9PAL ¢ BRGGRFONEST THiR HOrmn iR m? £ PpBaghefilniey el
recordi ng %i .can_b i y ksed as . the magneti.c_recording, nedi um for
MR (nagnet?g gggﬁg?gngth £§§£ o34 sitgle magnéilc layer ohich9: 8

equal to the total film thickness of the three layers. On

the other hand, for the purpose of reducing the noise,

there is suggested a magnetic recording medium employing a

constitution in which an inter-metallic compound of a B2

structure is used as an underlayer, as described in US

Patent No. 5,693,426. This inter-metallic compound of the

B2 structure is generally called a seed layer. 1In this

case, the fine seed layer of the B2 structure is further

formed as a lower layer under a Cr-based underlayer which

is compatible with a Co-based magnetic layer, whereby the

Cr-based layer which is the underlayer can be allowed to

carry out epitaxial growth. In consequence, the fine Cr-

based underlayer can be formed, and the magnetic layer

present on the underlayer can also be allowed to do the

epitaxial growth in accordance with the fine state of the

underlayer, which permits the reduction of the noise. Such

a type of magnetic recording medium can be suitably used as

the magnetic recording medium for MR (magnetism-resistant

type) heads in which the inhibition of the noise is more



type) heads in which the inhibition of the noise is nore - 3 - desired than
the increase of an output. In the magnetic recordi ng nedi um conpri sing the
constitution described above, the nagnetic |layers are divided with the
non- magneti c | ayer, and hence each naggftic | ayer is surely thin and the
particle size of crystals is small, whereby the noise can be inhibited. In
addition, the particle dianeter of the crystals of the nagnetic |ayer can
be decreased by the epitaxial growh of an upper |ayer due to the seed

| ayer, wher elepitreel nhaaethaninaksasdeof ndm igsht However, if the crystals
of the magnetic |layer are nade very fine for the purpose of the reduction
of the noise, magnetlinzahieomaigaether ratbydinmsteahie b siegorted signal
attenuates with time and finally it disappears. Accordingly, as the fine
structure @Pnshétusdpontsarrabed dlovei dihelemginer icedayeirsgaret is
inportant that the fine particles are forned, a particle dianeter

di stributi ofi¥ddgA; f"éltﬁeg?etﬁ@nﬁm%%%#%rﬂaﬁera azay hiegice eBgB is ninini zed,
and the formation,of the extrenely fine particles which are easily

af fect ed by™2PREFAR LRYEEL LAt SWRCTE T maddhavipagsicde sdzenpE type of
magneti c recordin medi u for, ex | e, a magnetic recording nmedium

descri bed, CFgﬁkégﬁnﬁFe?anlﬂa e F£h%ﬂﬁ°¥é%ﬂqa@apﬁoﬁnbépégéﬁen RB.
259418/ 1997 _i.S. pt QROS e, magnetic recordl mediumis forped by

| ami nat i ng gdéégégﬁéyggécéggF% |?¢é%ﬁm%ﬁeqégéggm%Fffiéﬂi? Sﬁdtg%e like, a
G or G al hgynbRder 15LLM c#0%E& decreased by the epitaxial growth of

an upper layer due to the seed layer, whereby the noise can
also be inhibited. However, if the crystals of the
magnetic layer are made very fine for the purpose of the
reduction of the noise, magnetization is thermally
unstable, and a recorded signal attenuates with time and
finally it disappears. Accordingly, as the fine structure
of the medium suitable for high density recording, it is
important that the fine particles are formed, a particle
diameter distribution is uniformed, the dispersion of a
particle size is minimized, and the formation of the
extremely fine particles which are easily affected by
thermal fluctuation is inhibited.

Moreover, as this type of magnetic recording
medium, for example, a magnetic recording medium described,
for example, in Japanese Patent Application Laid-Open No.
259418/1997 is proposed. The magnetic recording medium is
formed by laminating a seed layer consisting of at least
Al; xCox, and the like, a Cr or Cr alloy under film, and a

Co alloy magnetic layer in this order on a substrate, and a



Co alloy magnetic layer in this order on a substrate, and a 4 high
coercive force and | ow noi se are achi eved. For the high coercive force in
the magnetic recording nedium the seed | ayer enhances the crystal

orientation property of surface (110) in a body-centered

c

(bcc) of & or C alloy as the under fT14~ and the crystal
property of surface (100) is enhanced and achieved, in which the easy axis
of magnetization (c-axis) of the Co magnetic |layer epitaxially grown on
the under fhlighi sopatavkefowethahdelswssiesofath@chileaae.. Moreover, in this
magneti c recording medium since the thickness of the under filmcan be
reduced by di sposi ngort hkeskédhl ayercitdef Socaraignethes mpanieitdlces on t he
thinned wunder filmare fornmed to be fine, so that the magnetic transition
r egi on( magneeicordamgi nevalin, wklie hyeddt egrr ardeorcdisnghei txysaalbe reduced,
and noi ses can be reduced. Moreover, when the crystal particle dianeter of
t he magneti rigpépthesonteresty of neusfaces tldMeduce bhdy-gentexzedt he

“magneti zation_becones thermal|ly unstable, thereby causin
whi ch recor G8816i Ga¥FE24r ébcat t @huek RF Vi R 1lio¥e a8ndbei Ha

fe

ubi ¢ crystal
orientation

a phenonenon in
¥ diidmppear,

that is, a enpmenon called, thernpl fluctuation. The noi se _has a
r@Bgth #

trade- of f fshF¥Shp | f f
ticl di t f_t ti . i L
Petuced. bubARrEceRonbi afBERTERS otf 1P L e ToheAm SRidc

a

hOFheP taet PR PHIRRE WAt SUTHRER (LRB) ci§st al

noi ses are
tion increases,

and the recﬁé&ﬁ@t%&ﬁ?@bﬁ (c-axis) of the Co magnetic layer epitaxially

grown on the under film is parallel with the inside of the

plane.

Moreover, in this magnetic recording medium, since

the thickness of the under film can be reduced by disposing

the seed layer, the Co magnetic particles on the thinned

under film are formed to be fine, so that the magnetic

transition region{magnetic domain wall width) between

recording bits can be reduced, and noises can be reduced.

Moreover, when the crystal particle diameter of

the magnetic layer becomes very fine so as to reduce the

noises, the magnetization becomes thermally unstable,

thereby causing a phenomenon in which recorded signals are
attenuated with time and finally disappear, that is, a
phenomenon called thermal fluctuation. The noise has a
trade—off relationship with the thermal fluctuation. When
the crystal particle diameter of the magnetic layer becomes
fine, the noises are reduced, but the signal attenuation by
the thermal fluctuation increases, and the recorded signals

are attenuated or easily disappear with the elapse of time.



are attenuated or easily disappear wwth the el apse of tine. 5 Wen the
thermal fluctuation occurs, in addition to the signal attenuation
(readback output decrease), the nmedium noise increases, or PWO0 (the half
pul se width of an isolated readback signal) value is deteriorated. As
described later, as the fine structure o® The nediumpreferable for

hi gh-density recording, with the attaining of the fine magnetic |ayer
crystal particles, it becones inportant to reduce the dispersion of the

particle sigen Rk teleemdiaf@hetudt 56k i bedihed) andddd tdepr ess thie
generation of the excessively fine particles susceptible to the influence
of the thermdlgnfdluetitahuaniobowegadbaskesutie: fddapddsegknehe akdihe seed

|l ayer 1is increased to obtain a high coercive force, the crystal particle
di anet er anchoiaet iinlcerediseset er #WS0r ( bioe i ol £ frorivengritdid ©fednl ayer
increase, and the crystal particle dianmeter and particle dianeter

di stributi odsoflatied aeadbacki Bavaad) maghes i ts |dgterifonated.on t he seed | ayer
also increase with the crystal gromﬂh, t hereby causing a problem that the

noi se reduction candét dgscrdiedzéatetn apetle hbingarugtinnee@dntthpears, the
“conputer perfaormance enhancenent has been advanced, and the anmount of
handl ed i nf BlEFELFORREETARAPIFGT| HEFRAGRST AL CRIRLTHING, WiRE ChBacity of
the magnet o feserdng 0BT BLAS  BRLL SU ALY AT disk diive e
enhancenenth%%o%gg E%%%quﬂg gg”%L&XCet€ﬁégﬁﬁﬁﬁgﬁﬂgﬂl%&IE%% particle

size {(particle diameter distribution) and to depress the

generation of the excessively fine particles susceptible to

the influence of the thermal fluctuation.

However, when the film thickness of the seed layer
is increased to obtain a high coercive force, the crystal
particle diameter and particle diameter distribution
forming the seed layer increase, and the crystal particle
diameter and particle diameter distribution of the under
film and magnetic layer formed on the seed layer also
increase with the crystal growth, thereby causing a problem
that the noise reduction cannot be realized.

On the other hand, in recent years, the computer
performance enhancement has been advanced, and the amount
of handled information has rapidly increased. Accordingly,
the capacity of the magnetic recording apparatus,
particularly a hard disk drive has increased steadily.

For the hard disk drive, in recent years, with the
enhancement of the recording density, the phenomenon called

as the thermal fluctuation has come into question. In this



as the thermal fluctuation has conme into question. In this - 6 phenonenon,
the signal witten to the nagnetic recording nediumis attenuated with the
el apse of tine. The cause for this is said to be that the magneti zation
becomes thermally unstable by the fine_division of the magnetic

particles. Therefore, this attenuation Ps"particularly remar kabl e under a
hi gh-tenperature environnent. Therefore, in order to evaluate the nmagnetic
recording nedium the above-described signal attenuation needs to

measur ed unstendniendn gltheenjenatuweietghr bonend magreval vateeonsdieigher or not
the thermal fluctuation properties are satisfactory. However, in a

convent i onatedipim ist aidanpededeéthr bhagadapse cohvieirss on Tircogentse

eval uating apparatus, since the apparatus is |arge scaled for the vol une
of an envifunrigutsalis &add ito be §hREi Ehet magngt heatiare bemgmas ¢ recordi ng
medi umin a high-tenperature state. Mreover, an off-track phenonmenon

cal l ed a tHereraallr pinstadd eobyuitsedinfgdi nes heasel dishmagigdioni gh

expans: on G IIAF SuSDETEoHE, SFALE BREEFarAT ot (AR adbur s wi th
e ooeur ! NG AIte LR oLk s Lagk sl Al LfLotlt (o acouratel
et o ¥, TS SRRSO MR STl VENT O The
medium, the above-described signal attenuation needs to
measured under the high-temperature environment to evaluate
whether or not the thermal fluctuation properties are
satisfactory.
However, in a conventional spin stand type
electromagnetic conversion property evaluating apparatus,
since the apparatus is large scaled for the volume of an
environmental tank, it is difficult to place the magnetic
recording medium in a high-temperature state.
Moreover, an off-track phenomenon called a thermal
off-track occurs during the measurement under high
temperatures, in which a head deviates from a track by the
thermal expansion of a head suspension. Since the signal
attenuation occurs with the occurrence of the thermal off-
track, it is difficult to accurately measure and evaluate
only the signal attenuation by the thermal fluctuation of

the magnetic recording medium.

SUMMARY OF THE INVENTION

The present invention has been developed under the



- 7 above-described background, and a first object thereof is to provide
a magnetic recordi ng nmedium which satisfies a high coercive force, high
S/Nratio, |low PW0O value and thermal fluctuation resistance. Mreover, a
second object of the present invention _is to provide a magnetic recording
medi um whi ch achi eves a high coercive force and a | ow noi se and which is
not easily influenced by thermal fluctuation. Furthernore, a third object
of the present invention is to provide a nmethod and apparatus for

remarkabl y @se¢s-addd o RS Wadkgranddevahdaki agribeoclsi gnal tiaddeyuatd on by
the thermal fluctuation of a magnetic recording medium As a result of

i ntensi ve stadiesyiddiaa preggmttic ivecerntiang hadeuh ownich hedt tdfe esause of
insufficient SN ratio, PWO0 value and thermal fluctuation resistance lies
in the nat erigh waferciorey sicalcepahtiigbl &/Yi askier tontPWHI0 VYalywes drab
controlling the crystal particle dianmeter and particle dianeter

di stri but i orhexdmalhef ngfivsttiion apsistange.have clarified that only a
specific alloy can attain a high SINratio, |ow PWO0 val ue and hjgh
thermal fluctuati orMO¥RATS:arfcSeqchediseéncfolifg PrRaASSParin &Iy in the
magneti c recording nmedi umincluding two qQr nore pagnet| ayers, and at

| east one ﬁr@%ﬁqvq%fe@ménréFoFgégg medE a‘t’lf‘l%? l 9% 4 ayers,
Lhe cause 4o I dfe (i ol gl (oS OMRIeLle JRVet [y |
influenced by thermal fluctuation.
Furthermore, a third object of the present
invention is to provide a method and apparatus for
remarkably accurately measuring and evaluating the signal
attenuation by the thermal fluctuation of a magnetic
recording medium.
As a result of intensive studies, the present
inventors have found that the cause of insufficient S/N
ratio, PW50 value and thermal fluctuation resistance lies
in the material of a crystal particle diameter control
layer for controlling the crystal particle diameter and
particle diameter distribution of the magnetic layer, and
have clarified that only a specific alloy can attain a high
S/N ratio, low PW50 value and high thermal fluctuation
resistance. It has been found that particularly in the
magnetic recording medium including two or more magnetic
layers, and at least one nonmagnetic layer between at least
one pair of magnetic layers, the cause lies in the film

material of the nonmagnetic layer for separating the

magnetic layers, and it has been clarified that when the



- 8 magnetic |ayer uses Co-Pt base, only the specific alloy can attain
the high SSNratio, |ow PW0 value and high thermal fluctuation

resi stance. The present invention has been devel oped under this
background, and enploys the follow ng onstitutions to solve the problens.
According to the present invention, thefe is provided a magnetic recording
medi umincluding at |least a magnetic |ayer on a substrate. The nagnetic
recordi ng nedium conprises, between the substrate and the nagnetic |ayer,
a crystal paddnet e diayet arsecotio-Et bayger, dboly thatspédific tdlel o wstmal
particle dianmeter and particle diameter distribution of the magnetic

| ayer, and ateaimcritst diigrard/iitlmtdicamdoer PE6At valué ayed hibgrartlhad dmmal

contai ning chromum (Cr) and carbon (C). In the present invention, the
crystal parfletuatiometesidomasl MTagepresean anveyttomtasibeprcr and C.
The effect of addition of carbon (C) to Cr is that_since carbon (C finely
di vi des t hedeyeleBrd undpr filie dagkgrenndef atd pEpPiPYs csheyri k) B t he
crystal particle diameter control layer is pronoted and the crystal

particle diSPRYEH IS IBUEDTS $henRERPLBTSThi s reduces the fine
Pt oves the S/ N r dEFEORTHEvED i CEessnt dngbhCenhantRert s ol -
fl tuati j Al . : i { t al
el onte s 1) BB Shc DO coBLoplof A (3 TR AT Tyt

0.5 at% Wip,tde; contait f LYURMLEL. ! STREBhLEhet P8 recording

medium comprises, between the substrate and the magnetic
layer, a crystal particle diameter control layer for
controlling the crystal particle diameter and particle
diameter distribution of the magnetic layer, and the
crystal particle diameter control layer is an alloy
containing chromium (Cr)} and carbon (C).

In the present invention, the crystal particle
diameter control layer is an alloy containing Cr and C.
The effect of addition of carbon (C) to Cr is that since
carbon (C) finely divides the Cr layer, the fine division
of Co particles growing on the crystal particle diameter
control layer is promoted and the crystal particle diameter
distribution is enhanced. This reduces the fine particles
excessively poor in thermal fluctuation resistant
properties, improves the S/N ratio and PW50 value, and also
enhances the thermal fluctuation resistant properties.

The content of carbon (C) in the crystal particle
diameter control layer is preferably in a range of 0.01 at$%

to 0.5 at%. When the content of carbon {C}) is smaller than



9 0.01 at% the effect of finely dividing the crystal particle dianmeter
‘control layer is deteriorated, the crystal particle dianeter of the
magnetic |layer formed on the control layer increases, the high SINratio
cannot be obtained, the particle dianmeter distribution cannot be

uni formed, and the thermal fluctuation resistant properties are
undesirably deteriorated. Mreover, when the content of carbon (C) exceeds
. 0.5 at% the high coercive force cannot undesirably be obtai ned.

Furt her nor eg.mangaresenheMarfeey be Athdelly tditie noctyst alrysasti cl e di anet er
control layer. Particularly, when the magnetic layer is directly forned on
t he crystal papaitilel didmaterecosbnol olayewers ddiesdmraitedd ithet he crystal
particle dianmeter control layer is deposited in the interface of Co and Cr
“of the magneriysthdypertinde dépwetevedl rpomanatiich leyercfoprgde©Bf the
“initial Co |layer which_grows on the Cr alloy |aye so that the _magnetic
“i nter act i onthepRgnEEopalayereinrEeastticdehe THigh F/0F MR&iol FEPBPEsLENe SIN
~ratio. Therefore, appropri at el ,addiqg hese el enent s, t he PWs0

‘value and PﬁéaépﬂgxaFFS PR thElf npt R Rﬁiﬂﬂiﬂ?noFanﬁg_;gﬁese (M) is
preferatly L dingie oh%iRoRolaP cPldku I L2 SRS o 08 2
otertace o DEGTRIeNG LAYEr CATRg), D SISE AT AR s SR 8
of M to the Lo i ntarf@dse.QbeLhE HRYNLLC the high coercive force

cannot undesirably be obtained.

Furthermore, manganese (Mn) may be added to the

crystal particle diameter control layer. Particularly,

when the magnetic layer is directly formed on the crystal

particle diameter control layer, Mn contained in the

crystal particle diameter control layer is deposited in the

interface of Co and Cr of the magnetic layer, and

selectively deposited in the Cr phase of the initial Co

layer which grows on the Cr alloy layer, so that the

magnetic interaction among Co particles is reduced. This

further improves the S/N ratio. Therefore, by

appropriately adding these elements, both the PW50 value

and the S/N ratio can be improved. The content of

manganese (Mn) is preferably in a range of 0.5 at% to 5

at%. This is because in the case of a content of less than

0.5 at%, the effect of diffusion of Mn to the Co interface

of the magnetic layer cannot be expected, and the S/N ratio

cannot be improved. When the content exceeds 0.5 at%, the

diffusion effect of Mn to the Co interface of the magnetic



10 layer is large, the magnetic interaction anong the Co particles is
excessi vely weakened, and as a result, particularly the signal attenuation
is deteriorated. Mreover, the constitution may further contain at |east
one el ement sel ected from nol ybdenum (M), vanadium (V), tungsten (W,
zirconium (Zr), titanium (Ti), tantalum-(Ta), nickel (N), niobium(Nb),
oxygen (0) and nitrogen (N). This is caused by the follow ng reasons. In
order to attain a high recording density, in recent years, the mgnetic
di sk has beadayeequesiledgtp bhAvemaghetideintdgitticoeafiong taeceo To attain

t he high coercive force, the concentration of Pt contained in the Co-based
al | oy of theparmagiesi ¢sl ayeessineby tweadkeneahsandard theekaltice constant

of the Co-based alloy accordingly increases. To cause the epitaxial growth
of the undepakiyenlandynbhaecsignahyattenvtatidnatits detegdstrabedof the under

| ayer needs to match with that of the magnetic layer, not excepting the
crystal patleréprEedi afibeerordhi Fotiomyeay IfHdhefroceontaspngtt heast one
above-descriﬁgd elenezts gb V, W_Zr, Ti, Ta, N, Nb, and the |ike have
a larger atShPESRLdPELSPRan frah mpldhdentght MHed veRadhEMcAYsral particl e
di anmeter coptrol  |ay and have a, functi,on af ching the lattice

const ant wi FRP9PhSE g?)thélﬁﬁﬁﬁﬁTWC(%ékkﬂﬁl 1Fﬁgﬁgﬁﬁer%ﬁ8ﬁa}u@x§aéh'or

ni t rogen i nfi Qi gr ai r and finely.divides, _cryst particles.
By effeptivgkg%EZiKg?%heggg?gﬁgrgﬁk%{(ﬁxyqﬁﬁIﬁ§asﬁnﬁhglﬁﬁﬁﬁéPi2k?ecorQing
mediumis peAYLded whhBed of UEADSo I L RPHBISERSO 48 olibEh BN ratio. low

attain a high recording density, in recent years, the
magnetic disk has been requested to have a further high
coercive force. To attain the high coercive force, the
concentration of Pt contained in the Co-based alloy of the
magnetic layer tends to increase, and the lattice constant
of the Co-based alloy accordingly increases. To cause the
epitaxial growth of the under layer and magnetic layer, the
lattice constant of the under layer needs to match with
that of the magnetic layer, not excepting the crystal
particle diameter control layer. Therefore, among the
above-described elements, Mo, V, W, Zr, Ti, Ta, Ni, Nb, and
the like have a larger atomic radius than that of Cr
contained in the crystal particle diameter control layer,
and have a function of matching the lattice constant with
that of the magnetic layer. On the other hand, oxygen or
nitrogen inhibits the grain growth, and finely divides
crystal particles. By effectively using these two types of
methods, the magnetic recording medium is provided with a

further high coercive force, high S/N ratio, low PW50



- 11 wvalue, and satisfactory thermal fluctuation resistance. In this
case, the content of the elenent or the total of the elenents is in a
range of 2 at%to 30 at% This is because wth the content of |ess than 2
at% the lattice constant of the C al]oy becones smaller than that of the
Co-based alloy of the magnetic |ayer, d with the content exceeding 30
at % conversely, the constant becones excessively large. 1In either case,
the epitaxial growh of the nagnetic |ayer becones difficult, and the
coerci ve forglru@ndhril Naidfacaoey daeentadr al edtudheomatesisamie .t haen

substrate is not particularly Ilimted. For exanple, a glass substrate, a
crystal |l i zetthi gl @sse sulist raatngendn ofl thienabenéhbyos utbist riadtegl afcertem cs
substrate, a carbon substrate, a silicon substrate, and the 1|ike can be

used. The rekpretits ligyem of nengemagndt RE3rbeosdi ag® . methiamisf hemayseesent
invention may conprise a single layer or a glurallty of layers. In the
plurality d'fl’qfay@‘r% CQI}JF@ntrm?g‘-néﬁS@ Itéﬁérznﬁ}? di ?%tl@twq FAneaeE on the

magneti c or the nonmagnetic | aye be i nterposed between the

magnet i c I orgie Adt & di%g Bes OB AER 1L 671 AT Baects thit GHdaiackent

:Q;gpglon HﬁgﬁES%PEt'C recordlngg§gggugbﬁlggL§ gﬁ?gﬁgwggggnre e, netlhcas

S T LN LR i A N T A

about five }ayefs @t S e epitaxial growth of the magnetic layer
becomes difficult, and the coercive force and S/N ratio are
deteriorated.

The material of the substrate is not particularly
limited. For example, a glass substrate, a crystallized
glass substrate, an aluminum alloy substrate, a ceramics
substrate, a carbon substrate, a silicon substrate, and the
like can be used.

The magnetic layer of the magnetic recording
medium of the present invention may comprise a single layer
or a plurality of layers. In the plurality of layers, the
magnetic layer may directly be laminated on the magnetic
layer, or the nonmagnetic layer may be interposed between
the magnetic layers. According to seventh to tenth aspects
of the present invention, the magnetic recording medium
includes two or more magnetic layers. The number of
magnetic layers can be set to two or more, such as three,
four, and five, in consideration of readback outputs,
overwriting properties, and the like. However, from the

standpoint of practical use, about five layers at maximum



12 are usually |lam nated. However, six or nore magnetic |ayers may of
course be di sposed as occasi on demands. According to the seventh to tenth
aspects of the present invention, the nmagnetic recordi ng nmediumincludes a
nonmagneti c | ayer between at | east one pair of magnetic layers in two or
nore magnetic | ayers. The nonmagneti c 112ay‘er is usually disposed directly
between the magnetic |ayers. Additionally, the internediate | ayer can be
di sposed between the nonmagnetic |ayer and the nagnetic |ayer. Moreover,
when t her e satee UsitsAd yorl amihe teEgnetHbeeviayessx dhencrannegettiic | ayer i s
preferably forned between the respective pairs of magnetic layers. In this
case, Wwhenlayersnmsherfofconagrebiecdiapesedi as npcardigrotmgmets.c | ayers are
di sposed. However, when there are three or nore magnetic |ayers, the
nonmagnetic | ayer iAcqmtdidisiosdde Beveasth bPl| teath saspestmyrad ithd ayers,
and the nonmagnetic |ayer may be di sposed between at |east one pair of the
magneti c | Brasends I§Veadilon  dERenBZINTHECt AP eRFELRY giedah iSc & ayer
is appropriate in a range of 50 to 250 angstrons, preferably 80 to 150
angst roms. RGeS d@yers SetiRennagnetret g Haly 1 pagiedidfess of |ess
t han 50 angstrons,, the readback outggt srort]g%e, ,]gloerci ve force decrease,
and t her me12¥9af Fati"6h 9Fr BR&Ft PREBPELF or TR arB' T IRWRINGTdC with the
t hi ckness di. qﬁa NOSH T, t t rain i.ncreases with
the i nc_rea?egi% tl%g |%r%eiy?§‘§g§§§§g 9?};%?\8?@ ﬂéé?%%%?%}f%qﬁ“%d&e&%ri ng) the
SINTatio, j5yers. Additionally, the intermediate layer can be

disposed between the nonmagnetic layer and the magnetic

layer. Moreover, when there are three or more magnetic

layers, the nonmagnetic layer is preferably formed between

the respective pairs of magnetic layers. In this case,

when the number of magnetic layers is n, n-1 nonmagnetic

layers are disposed. However, when there are three or more

magnetic layers, the nonmagnetic layer is not disposed

between all pairs of magnetic layers, and the nonmagnetic

layer may be disposed between at least one pair of the

magnetic layers as occasion demands.

The thickness of each magnetic layer is

appropriate in a range of 50 to 250 angstroms, preferably

80 to 150 angstroms. This is because for the magnetic

layer with a thickness of less than 50 angstroms, the

readback output shortage, coercive force decrease, and

thermal fluctuation property deterioration are caused, and

with the thickness exceeding 250 angstroms, the magnetic

layer grain increases with the increase of the film

thickness, thereby deteriorating {lowering) the S/N ratio,



- 13 and PWsO val ue. Mdreover, the thickness of each nonmagnetic layer is
appropriate in a range of 5 to 10 angstrons, preferably 10 to 50
angstrons. This is because for the nonmagnetic layer with a thickness of

| ess than 5 angstrons, the magnetic seﬁgrating effect of the nmagnetic

| ayers formed on and under the nonmagneti“c | ayer is not expected, and the
SINratio is not inproved. Wien the thickness exceeds 100 angstrons, the
magneti c separation of the magnetic layers formed on and under the
nonmagnet i ¢ andapais0i sagxeessMuebyveey fotaethi cbdshe fceakai ve force and

thermal fluctuation properties are deteriorated. For the filmconstitution
of the magnewnmakapsic layeadilst approprides cionst idamgeowtsBown LA t he
follow ng enbodi ment of magnetic |ayer-nonmagnetic |ayer-magnetic |ayer,
for exanpl eangeéretgbeprefenabhetle tay®l dndsteromsy f dhtlsed sbbeauseased,
such as magnetic | ayer-nonmagnetic |ayer-magnetic |ayer-nmagnetic
| ayer - nonmadRét tel BpBRadRafhet LaYeayekth pbr esisn ofwde6f §bRE Pagnetic
| ayers, the nateri al aBd filmthickness cpnstitutingﬂthe respective
magnet i ¢ | afBPEthBPShe LReMRIRBT LY WHFIRAEMYI SifRatacty the meEBesLCnor e
nonmagneti c Iaégrs thg ngter%gl qu fil m_thickness ﬁonstitutinﬁ t he
respective MORTAGNEPIREAA9R, 8N ald%E e NORMEINCTHS f8YERt 1FnlPhe present
i nvention, ri o] h etic layer. is not. limted, ., For exanpl e,
an al | oy n%?ﬁﬁgﬁ%gﬁtg#%i%8%c§/%2%§€%% %ﬁl%iq(ﬁwgﬁﬁﬁ?ﬁy c@h?ﬁiﬁpﬁg Co and
N, an al | oynFRiAkbYsCAREALAL "0 60 A0k Dms 2N BB HekSc separation of

the magnetic layers formed on and under the nonmagnetic

layer is excessively performed, and the coercive force and

thermal fluctuation properties are deteriorated.

For the film constitution of the magnetic layer,

in addition to the constitution shown in the following

embodiment of magnetic layer-nonmagnetic layer-magnetic

layer, for example, the number of magnetic layer films may

further be increased, such as magnetic layer-nonmagnetic

layer-magnetic layer-magnetic layer-nonmagnetic layer-

magnetic layer. Moreover, in two or more magnetic layers,

the material and film thickness constituting the respective

magnetic layers may be the same or different. Similarly in

two or more nonmagnetic layers, the material and film

thickness constituting the respective nonmagnetic layers

may be the same or different

In the present invention, the material of the
magnetic layer is not limited. For example, an alloy

mainly containing Co and Pt, an alloy mainly containing Co

and Ni, an alloy mainly containing Co and Cr, and the like



14 are used. Specifically, CoPt, CoNi, CoCr, CoPtCr, CoPtTa, CoPtN,

CoN Cr, CoCrTa, CoCrPtTa, CoCrPtB, CoCrPtTaNb, CoCrPtBNb, and the |ike can
be exenplified. Additionally, the magnetic |ayer of the magnetic recording
medium for a magnetoresistive head, or_the magnetic |ayer of the magnetic
recording mediumw th a high coercive f&ﬁce may conprise an alloy mainly
containing Co and Pt. For the alloy nmainly containing Co and Pt, fromthe
standpoint of a sufficient coercive force, the total of Co and Pt is
appropri at elage7sad% ospaRiEicallhe @bboy.Cchbire@dy, Th@tCrat CoPtfago and
Pt is not particularly limted, but in consideration of the coercive
force, noi s€otliGoSONiPt, ( @bCYTALCOCOQLPATA s GushrRiR,i &o€riPhTaNpbange of 0. 06

to 0.25. The conponents other than Co and Pt are not especially limted,
but one or Em@r@tBaneandnthapbkbpr¢®meb@ eeenpsldfiodr addipienafldygm Cr,
Ta, Ni, Si, B, 0, N, Nb, Mh, Mo, Zn, W Pb, Re, V, Smand Zr. The

addi tion andduet mebnekdse laverenfsthe maERebte Hedqrdad geCdvm 56d By
considering the nmagnetic properties, and the [ljk and 30 @6or l ess is
usual | y appﬂ@ﬁpﬁﬁpéeséﬁﬁéWét ea@xaﬂﬁlE%edWaQQﬁ§¥ﬁé§ﬁ&ﬁ o ay naterial

| ud CoPt Cr Pt Cr T ||
;Pfo; © : Cﬁ?ﬁé@@lglFS?OrQﬁBgtﬂggFF? ¥%96ﬁ1:H§1§F%ﬁ%&& nFogfetﬁgyn0|se

0t on Wik bIe P RIShLCrhBAE, SHIBLIER, (06 LT, B ufor the
Cr: 5 to 18 34%, Maneqyelontlihig@E &d%t, from the standpoint of a

sufficient coercive force, the total of Co and Pt is
appropriately 70 at% or more in the alloy. Moreover, the
ratio of Co and Pt is not particularly limited, but in
consideration of the coercive force, noigse and cost, Pt
{at%) /Co {at%) is appropriate in a range of 0.06 to 0.25.

The components other than Co and Pt are not
especially limited, but one or two or more can
appropriately be used, for example, from Cr, Ta, Ni, 8i, B,
0, N, Nb, Mn, Mo, Zn, W, Pb, Re, V, Sm and Zr. The
addition amount of these elements is appropriately be
determined by considering the magnetic properties, and the
like, and 30 at$% or less is usually appropriate. Concrete
examples of the magnetic layer material include a CoPtCr
alloy, a CoPtTa alloy, a CoPtCrTa alloy, a CoPtCrNi alloy,
a CoPtCrB alloy, and the like.

From the standpoint of the noise reduction, when
the magnetic layer comprises the CoPtCr alloy, for the
preferable contents of Co, Pt, Cr, Co: 62 to 90 at%, Pt: 5

to 20 at%, and Cr: 5 to 18 at%. Moreover, in the CoPtCrTa



15 alloy, for the preferable contents of Co, Pt, C, Ta, Co: 55 to 89
at% Pt: 5to 20 at% C: 5to 25 at% and Ta: 1 to 7 at% whereas in the
CoPtCrB alloy, for the preferable contents of Co, Pt, Cr, B, Co:46 to 89
at% Pt: 5to 17 at% C: 5to 25 at% B: 1 to 12 at% Moreover, fromthe
standpoi nt of the high coercive force€, 1fhe saturation magneti c fl ux
density Bs of the nagnetic |ayer on the side of the substrate is
preferably larger than the saturation magnetic flux density Bs of the

magnetic | ag@ilogn the shdeppbrébgbIedisnmentd age colhet, megnetrhc kayer on
the side of the substrate is considered to mainly determ ne t he coercive
force of thé&5mugnéVi ety eebr dbngonkdiats, axk & RicglrSsatsr abhanTaagmneti c
flux density Bs is demanded. Mreover, the magnetic |ayer on the side of
t he medi um $or fae&?i, swbonsadeirdthe GaktrlnB addtegr,nifioe the Srdfeatbdeand
corrosion-resistant properties of the magnetic recording nedium and a
smal | sat ur gensantragiefPe PLtuxCrenBi tGo B ito ddmarided Ptkn5t hbslgase, for
t he preferablg conposition range of the nagnetic |ayer of CoPtCrTa, the
subst r at e- sP8&r nhigrePi E01 a9eptHr eBerhbiy 1Z@ittains Co: 59 to 81 at% Pt: 5
to 13 at% Cr: 13 t& 23 at% _and Ta: 1 to 5 at% while the medium
surface-side magnet’PEEPEGEr pFreRethpl StariRadlits afothsy high7gogrgiver . 5
to 13 at% 15 25 _at %, and Ta: to at% 1In the present invention,
t he nonm_ag_ngr F%era§°/§? ‘F?gu’é_ EEPR A E rﬁﬁ’d‘ é)enér’rﬁyc.%sFBE Fhe effect of
the additi BQgﬁEt?ct 9a§>ér Sh e Csf@é(eosf tﬁee gub's%Yr%ﬁ:et (?stgrfekggably

larger than the saturation magnetic flux density Bs of the

magnetic layer on the side of the medium surface. The

magnetic layer on the side of the substrate is considered

to mainly determine the coercive force of the magnetic

recording medium, and a high saturation magnetic flux

density Bs is demanded. Moreover, the magnetic layer on

the side of the medium surface is considered to mainly

determine the S/N ratio and corrosion-resistant properties

of the magnetic recording medium, and a small saturation

magnetic flux density Bs is demanded. 1In this case, for

the preferable composition range of the magnetic layer of

CoPtCrTa, the substrate-side magnetic layer preferably

contains Co:59 to 81 at%, Pt: 5 to 13 at%, Cr: 13 to 23

at%, and Ta: 1 to 5 at%, while the medium surface-side

magnetic layer preferably contains Co: 57 to 79 at%, Pt: 5

to 13 at$%, Cr: 15 to 25 at%, and Ta: 1 to 5 at$%.

In the present invention, the nonmagnetic layer is

an alloy containing Cr and C. For the effect of the

addition of C to Cr, since C makes the Cr layer to be fine,



- 16 fine Co particles growing thereafter are obtained, and the particle
di aneter distribution is enhanced. This reduces fine particles which are
excessively poor in thermal fluctuation resistant properties, inproves the
S/'N and PW and enhances the thermal fluctuation resistant properties.
Additionally, M is deposited in the intlérface of the interface of the Co
and Cr layers, and selectively deposited in the C phase of the initial Co
| ayer which grows on the Cr alloy |ayer, so that the magnetic interaction

anong Co partinel €s partedieedgrdRisgi fidyescerd herSldNtaatied, Zhar ehere, by
appropriately adding these elenents, both the PWand the SIN can be

i nproved. | paaddicllicodiboetbe ghgheibetlayeis ahdred.nommgneedackayer, the
magneti ¢ recordi ng medi um of the present invention can include a seed

| ayer, an ufidee payéiclea photbcireeckayesivaly woarcamt thayerel and t he

i ke. Known |ayers can be used as they are in the seed |ayer, under

| ayer, intefiudtapsibaysesiptantbcprorervies, dmpranss dcdet S/Napsd. P¥he seed
| ayer is usually constituted of the material small in crystal particle

di amet er andndgnenbepces theysharmphrfletleration wissisdsad Pserersipdrpose of
enhancing the crystal growth while keeping the crystal particles of the
under | ayer AdPdtdPRediXr eMhayer deppritedghetthe |iferinsened &het he seed

Yer 10 De k1o BIPLES BL LIS KEPISsa stiup delg gl he seec
deposited in the Cr phase of the initial Co layer which
grows on the Cr alloy layer, so that the magnetic
interaction among Co particles is reduced. This improves
the S/N ratio. Therefore, by appropriately adding these
elements, both the PW and the S/N can be improved.

In addition to the magnetic layer and the
nonmaénetic layer, the magnetic recording medium of the
present invention can include a seed layer, an under layer,
a protective layer, a lubricant layer, and the like. Known
layers can be used as they are in the seed layer, under
layer, intermediate layer, protective layer and lubricant
layer.

The seed layer is usually constituted of the
material small in crystal particle diameter and uniform in
crystal particles, and disposed for the purpose of
enhancing the crystal growth while keeping the crystal
particles of'the under layer, intermediate layer, and
magnetic layer formed on the seed layer to be fine.
Examples of the representative material of the seed layer

include an NiAl alloy and other materials with a B2 type



17 «crystal structure, a OTi alloy, a &N alloy, and the IliKke.
Additionally, in order to enhance the crystal growth, the seed | ayer may
be | am nated. The under | ayer may preferably be forned of a material from
whi ch a high coercive force can be obtajned. The under |ayer can be
constituted of one |ayer or two or nDr 7I‘ayers. As the under |ayer, for
exanple, a &M alloy, a &V alloy, a CWalloy, and the |like can be used.
By using the Cr alloy in this manner, the matching of the lattice surface
interval of ckhetangsethethayera andri g 1gynder cefiyerlilsygniadacese so that
the easy axis of nmagnetization of the nagnetic |ayer easily turns into the
surface. Aslakeesuhtiditbenahip) aire cxarcitve ehhuneecantet beystehdect romagnetic
properties are enhanced. Mreover, when the under |ayer has the sane
coercive fogrewhs, thht séedrlayahendy lba tlhindkadsd.of the Cr alloy can be
reduced, and the excessive increase of the particle diameter/size by the

i ncrease of the fil fhehteRpbskaver thay Grafiqm@aplyakebéormegr eS§sad, so that
the PWand S/N ratio_can be enhanced as a result. The internediate |ayer
is forned b@?ﬁééha% hEr e derich a%‘/é?lgdhdzwlﬂ&gﬁéffpé Pé%}e?e PrerErediy in

t he position abuts on t netlc er and_is dlsgosed for the

pur pose of Ehﬁaﬂ% ﬁﬁ FECorFEht ? oPn?héayﬁﬁgﬂ t¥e°12%er. The

LRSI A e e R
CoPt - based alloy, a CrV alloy, a CrW alloy, and the like can be used.
By using the Cr alloy in this manner, the matching of the
lattice surface interval of the magnetic layer and the
under layer is enhanced, so that the easy axis of
magnetization of the magnetic layer easily turns into the
surface. As a result, the in-plane coercive force and the
electromagnetic properties are enhanced. Moreover, when
the under layer has the same coercive force as that of Cr,
the film thickness of the Cr alloy can be reduced, and the
excessive increase of the particle diameter/size by the
increase of the film thickness of the Cr alloy can be
depressed, so that the PW and S/N ratio can be enhanced as
a result.

The intermediate layer is formed between the under
layer and the magnetic layer, preferably in the position
which abuts on the magnetic layer, and is disposed for the
purpose of enhancing the orientation of C-axis of the
magnetic layer. The intermediate layer comprises a

nonmagnetic material, and its crystal system is preferably

adapted to that of the magnetic layer. In the CoPt-based



- 18 nmagnetic layer as in the present invention, since an HCP crystal
structure including a hexagonal closest packing crystal structure is
constructed, the internediate layer is provided with the HCP crystal
structure. As the internediate |ayer including the HCP crystal structure,
CoCr, CoCrNb, CoCrPt, CoCrPtTa, and ofhéf alloys can be exenplified. The
protective |layer is disposed on the nagnetic |ayer (on the surface
opposite to the substrate) for the purpose of protecting the magnetic

| ayer from wagnegtest 1ugkironsbynherd sesdaet Slvditien, TREneeokhacticye | ayer
can be constituted of one layer or two or nore |layers. Exanples of the
protective layetalnskudetarsi fhedudinkidendtdgonad eddzentl bh@kiagzirconi a
film a hydrocarbon film a hydrocarbon nitride film a carbon nitride
film a silkirystnadi stirdethickmisacoSricted, arc timedrinkeliafddilbiyepaliky, the
protective | ayer can be di sposed by known filmform ng nethods such as
sputt eri ng. pTheideldr wdaht thealléP ¢sysiiahosedidtorra.he Asutthese of reduci ng
the resistance by the contact sliding with the head, and for exanple,

per f | uor opolipéeraediate Laweri kechuding he HAR aryshddi sitonstbye, t he
crystal particle dianmeter control |layer of the present invention is forned
may be for ME§TanGRhENR, hEPHERR. t FRCRTbSR r A sidaheldgyfetAB PPayer. For

le, the_layer .is f d bet . th bstrate and th d | .
Wien the SeBATRYSF L8Gompf S eBIaLBruI T 119 InguRbooEeCBoRbROl | ayer i s

formed bet“%S%n%@?cs§39e£a¥855thge§3¥¥ghér%%ﬁ%%% é %%?%h%n%ubstrate)

for the purpose of protecting the magnetic layer from the
destruction by head contact sliding. The protective layer
can be constituted of one layer or two or more layers.
Examples of the protective layer include a silicon
oxide film, a carbon film, a zirconia film, a hydrocarbon
film, a hydrocarbon nitride film, a carbon nitride film, a
silicon nitride film, an SiC film, and the like.
Additionally, the protective layer can be disposed by known
film forming methods such as sputtering. The lubricant
layer is disposed for the purpose of reducing the
resistance by the contact sliding with the head, and for
example, perfluoropolyether, and the like are usually used.
Additionally, the crystal particle diameter
control layer of the present invention is formed may be
formed anywhere between the substrate and the magnetic
layer. For example, the layer is formed between the
substrate and the seed layer. When the seed layer
comprises a plurality of layers, the control layer is

formed between the seed layers, between the seed layer and



- 19 the under |ayer, between the seed | ayer and the magnetic |I|ayer, or
bet ween the substrate and the under |ayer. Wien the magnetic |ayer
conprises a plurality of layers, the control layer is forned between the
magnetic | ayers, or the |like. Speciﬂiﬁﬁily, there are exenplified
substrate/crystal particle dianmeter co ol layer/seed |ayer,

substrate/ seed | ayer/crystal particle dianeter control |ayer/seed |ayer,
substrat e/ seed |layer/crystal particle diameter control |ayer/under |ayer,
subst r at e/ sigesl uddyrerlarerst detperni the deadelayercantad aihd aysyrletdgneti c

| ayer, substrate/crystal particle diameter control |ayer/under
| ayer/ (i nt eramesi ater [kptaregmdadeetsubstagte, andagnetunde myleryar.ystlilemparti cl e
di aneter control |ayer/magnetic |layer, and the |like. Furthernore, as a

result of ithemadretiqdisger emprpsesent pluvehiby sohalavdmundhchat t he
reason why the high coercive force, |ow nojise and thermal fluctuation
resi st ance YUHASRL shiffacilentioymed Betreeneibe| BaIRtihela¥@ysuctaly &h6f t he

2t ai nod by offangiSRP CHE Ot Buc HRE SR LENE SHRH Taer . The present
et on, M oS, ARt oAed et o e LBEkS” Supcho Ptz Lol WD
order on a Ky AT e 1afar B VRPRE RS VA et Tayer for
finely dividing or sty /seed layer, substrate/seed layer/crystal

particle diameter control layer/under layer, substrate/seed

layer/crystal particle diameter control layer/magnetic

layer, substrate/crystal particle diameter control

layer/under layer/({intermediate layer)/magnetic layer,

magnetic layer/crystal particle diameter control

layer/magnetic layer, and the like.

Furthermore, as a result of intensive studies, the
present inventors have found that the reason why the high
coercive force, low noise and thermal fluctuation
resistance cannot sufficiently be satisfied lies in the
structure of the seed layer, and have clarified that the
above-described objects can be attained by changing the
structure of the seed layer. The present invention has
been developed under the background, and the following
constitutions are employed.

{(Constitution 1) In a magnetic recording medium
in which at least an under layer, and a magnetic layer are
formed in this order on a substrate, the under layer

includes at least a seed layer for finely dividing crystal



-20- particles of the magnetic | ayer, the seed |ayer includes two or nore
| ayers of nonmagnetic filnms, and an internediate |ayer fornmed of a
material different fromthat of the nonmagnetic filmis interposed between
the nonmagnetic films. (Constitution 2) The under |ayer for adjusting the
crystal orientation of the magnetic |la Ts fornmed between the seed |ayer
and the magnetic layer. (Constitution 3) In the magnetic recordi ng nmedi um
according to the constitution 1 or 2, the thickness of the nonmagnetic

filmis in gafeiglediofl thd mabhlktarRyIbRERT. thE0ssedt LAyOn Hclutdde
magneti c recordi ng nmedium according to any one of the constitutions 1 to
3, the fil mwd hbeckness lafyddre dihvnenmadnatécl dyens) sand @anrange of 5 to 50
angstrons. (Constitution 5) In the magnetic recording nedium according to
any one of imeewondidtatiagres foanmed, ofhe mabheriakddiaffetayerfmonmtiaes a
nonmagnetic material which includes the same crystal structure as that of
the nonmagrtike fidnmaqr@dist iftidm ds éntenpehednbgheedr ¥heeor di ng nedi um
according to the constitution 5, the internediate |ayer conprises a
material i rPoWReRets yisklas attice surface interval does not match with

that of the nonmagnetic fjlm, (Constitution 7)_In the magnetic, recording
medi um accor di ng tgc?mﬁ;%ﬁﬁﬁﬂq i oﬁ%@,upﬁgrn&ﬁﬁﬁﬁng?ch@3?%Fl%%nprises

the material, COMAMNG GO 3¢ 26L°R5heM 2 1ayer 1s formea

between the seed layer and the magnetic layer.

(Constitution 3) 1In the magnetic recording medium
according to the constitution 1 or 2, the thickness of the
nonmagnetic film is in a range of 100 to 550 angstroms.

{Constitution 4) 1In the magnetic recording medium
according to any one of the constitutions 1 to 3, the film
thickness of the intermediate layer is in a range of 5 to
50 angstroms.

{Constitution 5) In the magnetic recording medium
according to any one of the constitutions 1 to 4, the
intermediate layer comprises a nonmagnetic material which
includes the same crystal structure as that of the
nonmagnetic film.

(Constitution 6) In the magnetic recording medium
according to the constitution 5, the intermediate layer
comprises a material in which a crystal lattice surface
interval does not match with that of the nonmagnetic film.

{(Constitution 7) In the magnetic recording medium
according to the constitution 6, the nonmagnetic film

comprises the material containing one alloy selected from a



21 group consisting of N1Al, Al Co, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr,

Ni Ti, CuzZn, AlWh, AlRe, AgMy, QuSi, N Ga, CuBe, WMV, N zZn, FeV, CTi,

CrNi, NAIRu, NNAIW N Al Ta, MAIH, NA M, NAC, NA Zr, N A Nb, and
Al2FeMn2, and the internedi ate | ayer cggﬁrises the material containing Cr.
(Constitution 8) In the nmagnetic recor g nmedium according to the
constitution 7, the internediate |layer conprises a material formed of Cr
and at | east one type selected froma group consisting of My, V, W and
Ta. (Constigtéuprncdsidtie omgiell,c Aleepr #eAl, NBar UM Cameoralimig to the
constitution 8, the internediate |layer conprises an alloy mainly
cont ai ni ng CsHANECHMIr AQtiaridi mpzng RAEn¢oAIRE] URGEY, 1Cuthe Nitler duBesr

i ncludes at |east the seed layer for finely dividing the crystal particles
of the magri#V.c Nifrer Fa'he Gedld [Cayidr, NiAdRudeNialW] gdsAlTayw MiAliire | ayers
of nonmagnetic filnms, and the internediate |ayer conprising the materi al

di fferent ¥emMNhatNgFldhe Mediagn&iPre NP | anflsAirfiadpesand beeween the
nonmagnetic, filns. Therefore, the nonna%getic filmis an initial growh

filmwith a BhRrredyatiq é!ay%ﬁq“&ﬁrésﬁﬁa ?eW?F%HHan heORY 3 HNT faliticl e

clanster of the WSl LLIANY o) the TRIneLl e L BYeL LOLARS, oD g,

20 on(mOt LSRR, AL AL ERe0g, CRUSER I oEg,

of the thicknesssl 4 Ml A rRaCRSELL UhhNG: t & SEeshd AYile 1O
selected from a group consisting of Mo, V, W, and Ta.

(Constitution 9} In the magnetic recording medium
according to the constitution 8, the intermediate layer
comprises an alloy mainly containing Cr and W.

According to the constitution 1, the under layer
includes at least the seed layer for finely dividing the
crystal particles of the magnetic layer, the seed layer
includes at least two or more layers of nonmagnetic films,
and the intermediate layer comprising the material
different from that of the nonmagnetic film is interposed
between the nonmagnetic films. Therefore, the nonmagnetic
film is an initial growth film with a small crystal
particle diameter, and the crystal particle diameter of the
under film and/or the magnetic layer formed on the
nonmagnetic film is reduced, so that the magnetic
transition region(magnetic domain wall width} can be
reduced and uniformed, and noises are reduced. Moreover,
for the coercive force, by setting the total of the

thickness of the alloy films constituting the seed layer to



22 be the same as the filmthickness of the seed | ayer constituted of the
single layer of the alloy film the high coercive force is maintained.
Furthernore, by interposing the internediate |ayer between the nonmagnetic
films, the particle dianeter distribgt%%n_of t he nonmagnetic film forned
on the seed | ayer is reduced. Wen the der film and the magnetic |ayer
are fornmed, the particle dianmeter distribution of the under film and
magnetic |layer is also reduced. Mreover, when no under filmis forned,
the partiche thenseme dbsthebliinontinfckims sragheathiec seagedaiyer al so reduced.
Therefore, the generation of excessively fine particles susceptible to the
i nfl uence oﬁoﬂﬁglﬁﬁéﬁﬁapf thacsinglonlayer bf sispreddondfiand the haghuence
of the thermal fluctuation can be avoided. Specifically, as shown in Fig.
4, the convEREFEANE ARGABt i€ Patbtaimrd nediunhharawree BY dnserpesdngn the
Japanese Pat nt‘AEpIication Lai d- Open No. 259418/1997 incl udes the
excessi vel ySPPnentEEPEALRES {R%PT EGVesR vt msrneagsetie fatmgentBeof the

h | fl ion. .On h d, i h t in '
2. Since { KB EXERRSFOBRGLFF i BEFII LI i o8 She RSP T ARI uence of
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reduced. Moreover, when no under film is formed, the
particle diameter distribution of the magnetic layer is
also reduced. Therefore, the generation of excessively
fine particles susceptible to the influence of the thermal
fluctuation can be suppressed, and the influence of the
thermal fluctuation can be avoided. Specifically, as shown
in Fig. 4, the conventional magnetic recording medium
(curve B} disclosed in the Japanese Patent Application
Laid-Open No. 259418/1997 includes the excessively fine
particles {part Bl) suscepﬁible to the influence of the
thermal fluctuation. On the other hand, in the present
invention (curve A), since the excessively fine particles
susceptible to the influence of the thermal fluctuation
decrease (Bl — Al), the influence of the thermal
fluctuation is not easily exerted. Moreover, in the
present invention (curve A), since the particle diameter
distribution is narrowed, the average particle diameter is
reduced (B3 — A3}, and the particles with large particle

diameters are reduced (B2 — A2), the S8/N ratio and PW50



23 (the nesial magnitude width of the isolated regeneration signal) are
enhanced. Additionally, the nonmagnetic filmconstituting the seed |ayer
is constituted of two or nore layers. The nunber of nonmagnetic filns can
be set to two or nore, such as three, fqur, or five, in consideration of

t he readback outputs, overwiting prébg ties, and the like. Additionally,
about three layers at nmaxi numare usually preferable fromthe practical

st andpoi nt. Mreover, for the seed |ayer of the present invention, the

i nt er medi at gtheayeisiad magedpodedwbétheeh tdie |ieasiatek megecheehtinanmagneti c
filnms anong two or norel |ayers of the nonmagnetic filns. The internediate
| ayer has a sfigmetli)omreokenhenpedarily interrupting the crystal growh of the
nonmagnetic film Wen there are three or nore |layers of nonmagnetic
filnms, the internmedifdddtigpadlys phefeeabigneidie poislad desatddmting
respective nonmagnetic filnms. In this case, when the nunber of |ayers of
nonmagnet i ¢ the §8es layernis rAnekhbdred «of g Lramerg dpysss. WEBR there
are three or re |layers of non etic films, however, instead of

di sposi ng t AFTPREePHodPRPaoRaYLr ShbRY G7 B Sorfmgha P8 TeFEms Suehe
internedi ate | ayer may he di spesed between a |, east pai_r
nonnagneticaPi%§§e§$ %88§$i8ﬁ géﬁﬁhdﬁp N e%ﬁﬁﬁﬂﬁu§%§$@?ufﬁ8ﬁ£8Fkthe seed

o oPURRE O RETRONRY. s LR, AR LW 5 norenced such 2

the foll ow Rg8YRRALARYL, 2abULENERree layers at maximum are usually
preferable from the practical standpoint. Moreover, for
the seed layer of the present invention, the intermediate
layer is interposed between at least one pair of
nonmagnetic films among two or morel layers of the
nonmagnetic films. The intermediate layer has a function
of temporarily interrupting the crystal growth of the
nonmagnetic film. When there are three or more layers of
nonmagnetic films, the intermediate layer is preferably
disposed between the respective nonmagnetic films. In this
case, when the number of layers of nonmagnetic films is n,
n-1 intermediate layers are disposed. When there are three
or more layers of nonmagnetic films, however, instead of
disposing the intermediate layer among all the nonmagnetic
films, the intermediate layer may be disposed between at
least one pair of nonmagnetic films as occasion demands.

As the film constitution of the seed layer, the

number of nonmagnetic films may further be increased such
as nonmagnetic film-intermediate layer-nonmagnetic film

described later in the following embodiment, further



24 nonmagnetic filminternediate |ayer-nonmagnetic film internediate

| ayer-nonnmagnetic film and nonmagnetic film internediate

| ayer - nonmagnetic fil mnonmagnetic film internedi ate |ayer-nonmagnetic
film Moreover, in tw or nore nonnnggi[p filnms, the material and film

t hi ckness constituting each nonmagnetit filmmy be the sane or

different. Simlarly, in tw or nore internediate |ayers, the material and
filmthickness constituting each internediate |ayer may be the sane or

di fferent. mrommdgpuietnie, filne-imtemeediadee 1Ibggernofimadmeet honfiigneti ¢ fil m has
roles of interrupting the crystal growth of the nonmagnetic fil munder the
i nt er medi at Entéryediatieprasyi-mprnagngdier dtilon ahdt henmxaestsivef ylnf+ ne
particles of the nonmagnetic film (under |ayer, magnetic |ayer) fornmed on
t he i nt er rethigEnediate Famcinggnagactigeia @‘ﬁﬁyﬁﬁﬁmek%ﬁtszﬁ?'dlaneter

and reduci ng (narromnng the particle dianmeter distribution. In the
present i nvEMtEHIE Ja%t%ésﬁﬁqqaéwmgﬁlﬁélccéﬁémrt uMPB%O‘Qerlf 0¥n tHE R pose of

adj usting the crystal orlen tion f th eti e under film
may be. | forMEES AT Soadta oy 0e HAGerhaLniBict Lh) Lyt ineRi o, t he

under filmis referably f qrned of a .mat.e ich a high coercive
force can b%o % J(‘Pg i Lﬂ?&lg}'agﬂetﬁ‘nc gﬁiﬁemagng |1\f,\€?e%a%? %lﬂe | ayer or
Tk M 1\ e A S0,
this ”an”erthé”mkﬁéﬁiéﬁﬂﬂﬁa'fiﬂnﬁ%%ﬁckness constituting each

intermediate layer may be the same or different.

Furthermore, the intermediate layer of the
nonmagnetic film has roles of interrupting the crystal
growth of the nonmagnetic film under the intermediate
layer, depressing the generation of the excessively fine
particles of the nonmagnetic film (under layer, magnetic
layer} formed on the intermediate layer, reducing the
average crystal particle diameter, and reducing (narrowing)
the particle diameter distribution.

In the present invention, as described in the
constitution 2, for the purpose of adjusting the crystal
orientation of the magnetic layer, the under film may be
formed between the seed layer and the magnetic layer.

Here, the under film is preferably formed of a
material from which a high coercive force can be obtained.

The under film can be constituted of one layer or two or
more layers. As the under film, for example, a CrMo alloy,
a CrV alloy, a CrW alloy, and the like can be used. When

the Cr alloy is used in this manner, and the magnetic layer



-25- conprises the Co alloy, the matching of the lattice surface interva
with the under filmis enhanced, so that the easy axis of magnetization of
the magnetic |layer easily turns into the surface. As a result, the
coercive force and electromagnetic pr rties are enhanced. Mreover, when
t he sane coercive force is obtained, t filmthickness of the C alloy
can be reduced as conpared with the under film of C, so that the
excessive increase of the particle size by the increase of the film

t hi ckness caforigrel <&s alHeoyocailolye diprrassedinandf tttee Jdt triatd surfaicpr oved.
In the present invention, the internediate film can also be forned between
t he under fintemmel tHehddeetinder] dgém as enbastenh, denmdids; treefearsably in
the position which abuts on the magnetic layer. This internmediate filmis
di sposed f GxihohHmagnesichtdenanéi Aiet Bagoet bat YW &Fsidy FUm@sof t he
magnetic layer. The internediate filmis a nonmagnetic_ material, and the
crystal systf |t§19pr€é¥refraé}ﬂ y Aéd&p?@éuﬂ*értﬁ]éec‘?%?%’rv%fsq%ﬁ &M% he nagneti ¢
| ayer. For e CoPt-h net

exanple, in.t ay since the HCP
crystal str %mm%%a%&rmsgaﬁa elil%%%%cﬁ Sy yden
rystal st BRI dRPEHEE ot CEbtr e s v HHE R O | oys
f t t t ut
3 i Fom thels SHusaey Bt B ﬁeﬁéggﬁhgﬁn’f %fé‘ﬁ* £ R T L

of the ”0”"@9"&?}' Gd B 3 te@k%es%@%%ﬁéréé’é&e@ft{}?e tﬁﬁx‘?ﬂ&rﬁ%ﬁ Qfzeeach

nonmagnetic fi
by the increase of the film thickness of the Cr alloy can

be depressed, and the S/N ratio is improved.

In the present invention, the intermediate film
can also be formed between the under film and the magnetic
layer as occasion demands, preferably in the position which
abuts on the magnetic layer. This intermediate film is
disposed for the purpose of enhancing the orientation of C-
axis of the magnetic layer. The intermediate film is a
nonmagnetic material, and the crystal system is preferably
adapted to the crystal system of the magnetic layer. For
example, in the CoPt-based magnetic layer, since the HCP
crystal structure including the hexagonal closest packing
crystal structure is constructed, the intermediate layer is
provided with the HCP crystal structure, and CoCr, CoCrNb,
CoCrPt, CoCrPtTa, and other alloys are preferable.

In the present invention, as described in the
constitution 3, from the standpoint of the fine and uniform
crystal particle diameter of the nonmagnetic film, and the

coercive force, the thickness of each nonmagnetic film



26 constituting the seed layer is in a range of 150 to 550 angstrons, and
the total filmthickness is preferably in a range of 300 to 1100
angstrons. Wien the thickness of each nonmagnetic filmis less than 100
angstromnms, the decrease of the coercive force is undesirably |arge. Wen
the filmthickness exceeds 550 angstfoﬁé,‘the crystal particle dianmeter
and particle dianeter distribution of the nonmagnetic filmincrease, the
crystal particle diameter of the under filmand/or the nagnetic |ayer

accor di ngl y dongteaseingndhtheenai sgyetnf aviaf ablnarhecoresshi gb. 550
Additionally, the total thickness of the nonmagnetic filns constituting
the seed | anesteamsappndpthat ebyabef Al udiietkrnassadeopdatfeeabiliyhinhe
coercive force to be obtained. In the present invention, as described in
t he consti tranigenof, 300obwt hé08t angporents of noi se reduction, the film
thi ckness of the internediate [ager is preferably in a range of 5 to 50
angstrons. Speci fi cilbiey, thgefhiréness net t erelk aynagmeatie ifitldy #8di at e | ayer
is less than 5 angstrons, the role of interrupting the crystal growth of
t he nonmagnéesé thpm é6AsaPgeEragst hehecdrryeRas Afs thet CoRECLVEl é@rcCehe
upper -1l ayer nonmagnetic filmis formed with_ , the crystal romﬁg 05 he
Iomer-layerlﬁoﬁﬁﬁﬁﬁéFPPlViFﬁfg?efI@Qﬁ%ﬂﬁ%?ﬁﬁ%ﬁﬂ1?Q%%%pq%§,%Fﬁée Py ?hl
particle dianetgr and Barticl ?ianeter dkflri utio% i ncr gsg t he noi se
i ncreases, &RGSEHRE™Pnf 8n85y3§a 2T e Hal S a i Sh PRECLEASi |y exert ed.
Mbr eover, W%ﬁgm%@%rfBEQEEEBB%@Sﬁsofxﬁﬁgqﬁxmmgnetic film increase, the

crystal particle diameter of the under film and/or the

magnetic layer accordingly increase, and the noise

unfavorably becomes high. Additionally, the total

thickness of the nonmagnetic films constituting the seed

layer can appropriately be adjusted in accordance with the

coercive force to be obtained.

In the present invention, as described in the

constitution 4, from the standpoint of noise reduction, the

film thickness of the intermediate layer is preferably in a

range of 5 to 50 angstroms. Specifically, when the film

thickness of the intermediate layer is less than 5

angstroms, the role of interrupting the crystal growth of

the nonmagnetic film constituting the seed layer is not

fulfilled, the upper-layer nonmagnetic film is formed with

the crystal growth of the lower-layer nonmagnetic film

reflected thereon as it is, the crystal particle diameter

and particle diameter distribution increase, the noise

increases, and the influence by the thermal fluctuation is

easily exerted. Moreover, when the film thickness exceeds



-27- 50 angstrons, the crystal particle dianeter of the internediate |ayer
i ncreases, the crystal particle dianmeter and particle dianeter

di stribution of the upper-layer nonnagnetic filmincrease, and the noise
undesirably increases. In the present jnvention, as described in the
constitution 5, the internediate |ayer ?éTerany conprises the
nonnmagneti c material which includes the sane crystal structure as that of
t he nonmagnetic film in order to enhance the crystal growh of the
magneti c | ayerangsitths prsedristedntpaonicae deanetbedof nthde constitution
6, the internediate | ayer preferably conprises the material in which the
crystal | atintersediaice layer vialcrames, nahematrgbtait bathatlefdidmeter
nonmagnetic film in order to set the crystal particle dianeter of the
upper - | ayerandaopaaighet ¢ cdidneten desthibatispeoiff tbal hypewn-tay¢er ence of

the crystal lattice surface interval between the internediate |ayer and

t he nonmagneeneagnethic stbiefimennape ofndhéher aeisef undegiraby 011 nm I n
the present invention, as described in the constitution 7, the nonmagnetic
filmis not'P¢H$3¥Fas long as the role of the seed layer (for obtaining

FULFi 11 ed, and pref Dhabhy RERHTS o0 s it of s dRect oaoar Bnthhie gloup
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NCAIW NiAJgﬁé nonmagnetic material which includes the same crystal
structure as that of the nonmagnetic film, in order to
enhance the crystal growth of the magnetic layer.

In the present invention, as described in the
constitution 6, the intermediate layer preferably comprises
the material in which the crystal lattice surface interval
does not match with that of the nonmagnetic film, in order
to set the crystal particle diameter of the upper-layer
nonmagnetic film to be fine. Specifically, a difference of
the crystal lattice surface interval between the
intermediate layer and the nonmagnetic film is preferably
of the order of 0.01 to 0.011 nm.

In the present invention, as described in the
constitution 7, the nonmagnetic film is not limited as long
as the role of the seed layer (for obtaining the uniform
and fine crystal particle diameter of the magnetic layer)
is fulfilled, and preferably comprises one alloy selected
from the group consisting of NiAl, AlCo, FeAl, FeTi, CoFe,
CoTi, CoHf, CoZr, NiTi, CuZn, AlMn, AlRe, AgMg, CuSi, NiGa,

CuBe, MnV, NiZn, FeV, CrTi, CrNi, NiAlRu, NiAlW, NiAlTa,



28 MAIH, NA M, NAIC, NA Zr, N Al Nb, and Al2FeMh2. Moreover, the
internedi ate | ayer preferably conprises the material containing C. Above
all, NNA, CTi, NNAIRu are preferable because the crystal particle

di ameter can be uniformand fine and the effect of reducing noises is
high. In the present invention, as descP®bed in the constitution 8, the
internedi ate | ayer preferably conprises the C alloy fornmed of Cr and at

| east one type selected fromthe group consisting of M, V, W and Ta.
This is beddadefi nNtheMaboMeatescriimIy & wildow, the matedng of the
upper and |lower seed layers is not deteriorated, only the particle

di amret er gr datrkeoard, diher ihtiermad tare b yaw iirafdretl yardrbhesesi She
preferably little dispersion of the magnetic properties. The content of at
| east one typserdellecoatainbnyMer. V,Allvdalln tNird,OCralil, ojiAIRpr aker abl e
in arange of 5to 30 at% In the present invention, as disclosed in the
constltutloﬁrgfeﬁﬁélﬁnbéﬁﬁEGEatbel@@&ﬁtqﬁeﬁamtﬂﬂbﬁ démpeteescanhbeal | oy
mainly containing & and W This is because the dispersion of the magnetic
properties P§1f@6Gcé6daﬁan?h@ndp¥%%u%ﬁfﬁﬁﬁ3Pﬁ:?Qﬁ@@bﬁglE@dsﬁy usi hijghhe W
all oy as the internedi VWen the rWalloy is used, the content

of Wis preferably iR & ?aﬁﬁ@ ﬁPt51?YP@EF%H@@aﬁNﬂﬁﬁcqﬂﬁ§dcéﬁtéﬁ@ is less
Lhan 5 a0 GbUSLEckE;08 8T ERL oo SRSl Ig Le RALLIELS argut.of the
exceeds 30 @R cLng; MBLCBLDG 4 &P & P& UpRgr 1556¢ |8 e%y%e selected
from the group consisting of Mo, V, W, and Ta. This is
because in the above-described Cr alloy, the matching of
the upper and lower seed layers is not deteriorated, only
the particle diameter growth and distribution can be
controlled, and there is preferably little dispersion of
the magnetic properties. The content of at least one type
selected from Mo, V, W, Ta in this Cr alloy is preferable
in a range of 5 to 30 at%.

In the present invention, as disclosed in the
constitution 9, the intermediate layer preferably comprises
the alloy mainly containing Cr and W. This is because the
dispersion of the magnetic properties is reduced and the
productivity is stabilized by using the CrW alloy as the
intermediate layer. When the CrW alloy is used, the
content of W is preferably in a range of 5 to 30 at%. When
the content is less than 5 at%, there is no effect of
suppressing the particle growth of the seed layer or
uniforming the particle diameter distribution. When it

exceeds 30 at%, the matching with the upper seed layer is



29 deteriorated, and the PWproperties, S/INratio, and coercive force are
undesirably deteriorated. Additionally, other elenments such as Nbo nay be
cont ai ned by about 2 at% or less. Additionally, in the above-described
magnetic recordi ng medi um of the preseg% i nvention, the substrate

material is not particularly limted. "F6F é€xanple, a glass substrate, a
crystallized gl ass substrate, an alum num alloy substrate, a ceramcs
substrate, a carbon substrate, a silicon substrate, and the |ike can be
used. | n theereghietrhtetecandi e mewli pramd ritdes proysentat ibpvanti on, the
magnetic layer is not particularly limted. Exanples of the magnetic |ayer
i ncl ude t hecoegreéviec fbrbasanmai nhgestrdlal nidure@d cxudtledas BdBtitiGa&lly, CoN ,
CoNi Cr, CoCrTa, CoPtCr, CoNi Pt, CoNi CrPt, CoNi CrTa, CoCrPtTa, CoCrPtB, and
CoCr Pt TaNb. ofhernadawents| ayehr anyNb peayprsyictedadineld bymabbukafeatd
constitution (e.g., CoCrPtTa/CrM/CoCrPtTa, and the |ike) by separating
the nagnetP& £BFfrwi th the nonmagnetic film(e.g., C, CM, CV, CMC,
and the like) to reduce the igises. The magnetic |ayer for a

magnet or esi sti ve heRBtWRORBAAY ot B athei HRVIRARTAGIES SEoPEtAcad (AR
o) T, OB AEL e i DR Mg L AR LY SLEEL Bl ot ed
LY SERACRSUEE b TREE) Sl Moo, ST e” SLBE  ar
di spersed igubggrate, a crystallized glass substrate, an aluminum
alloy substrate, a ceramics substrate, a carbon substrate,
a silicon substrate, and the like can be used.
In the magnetic recording medium of the present
invention, the magnetic layer is not particularly limited.
Examples of the magnetic layer include the
magnetic films mainly containing Co such as CoPt, CoCr,
CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt, CoNiCrPt, CoNiCrTa,
CoCrPtTa, CoCrPtB, and CoCrPtTaNb. The magnetic layer may
be provided with a multilayered constitution (e.qg.,
CoCrPtTa/CrMo/CoCrPtTa, and the like) by separating the
magnetic film with the nonmagnetic film (e.g., Cr, CrMo,
CrV, CrMnC, and the like} to reduce the noises. The
magnetic layer for a magnetoresistive head (MR head) or a
giant magnetoresistive head (GMR head) may comprise the Co-
based alloy, and én impurity element selected from Y, Si,
rare earth elements, Hf, Ge, Sn, and Zn, or the oxide of
the impurity element. Moreover, the magnetic layer may
include a granular structure in which magnetic particles

such as Fe, Co, FeCo, and CoNiPt are dispersed in the



-30- ferrite-based, or iron-rare earth el ement-based nonmagnetic film
containing Si2 or BN. Mreover, the magnetic |layer nmay use an in-plane or
vertical recording format. The protective layer, or the lubricant |ayer can
be fornmed on the magnetic | ayer as occasion demands. The protective |ayer
is formed for the purpose of protectrnéotﬁe magnetic | ayer fromthe
destruction by the contact sliding of the nmagnetic head. The protective

| ayer can be constituted of one |ayer or two or nore |layers. Exanples of

the protectirg@ridyebakial uge arsh+patdineditimel@mesit-baeBdoxbeRafhbiica
carbon film a hydrocarbon film a carbon nitride film a hydrocarbon
nitride fil mila zobheathangf BLi0y o BN.i copreoierrdethel magresiti toyecar bi de
film and the like. Additionally, the protective |ayer can be fornmed by
t he known f mbm fisenanginepheds suchemsssicputterandgngTHeriabri cant | ayer is
di sposed for the purpose of reducing the resistance by the contact sliding
with the magnetic Fégdprafectigai dayenriearilke sudirigantpdeiiegocspol yet her
are usually used. A thernmal stabiljty neasuring nethod and a thernal
stability nbasfiprngdappabheusagrethe Ryaems iA8sasiiosn dg@aadsthe fol | owi ng
constitutions. (Constitution 10Q) By disposing a magnetic recordi ng nedi um
constituted by formih§ REOFESELVE xﬁﬁﬁﬁt}% formRs é%? FPSUPSEPRSE, C&nd a

et < MR PRIBALS) Mg bR L SR R QIR LD B, pRd of eTen
contact sliding of the magnetic head. The protective layer
can be constituted of one layer or two or more layers.
Examples of the protective layer include a chromium film, a
silicon oxide film, a carbon film, a hydrocarbon film, a
carbon nitride film, a hydrocarbon nitride film, a zirconia
film, a silicon nitride film, a silicon carbide film, and
the like. Additionally, the protective layer can be formed
by the known film forming methods such as sputtering.

The lubricant layer is disposed for the purpose of
reducing the resistance by the contact sliding with the
magnetic head, and ligquid lubricants such as
perfluoropolyether are usually used.

"A thermal stability measuring method and a thermal
stability measuring apparatus of the present invention have
the following constitutions.

(Constitution 10) By disposing a magnetic
recording medium constituted by forming at least a magnetic
layer on a substrate, and a magnetic head comprising a
read/write element provided with a read element and a write

element fixed to one end of a head support member on the



31 main surface of the magnetic recordi ng nedi umunder an atnosphere
heated to a predeterm ned tenperature, relatively noving the magnetic head
with respect to the main surface, witing a signal to a predeterm ned
track position on the magnetic |ayer hy, the wite elenent, detecting the
wite signal witten to the track by t read elenent, and conparing the
wite signal with the detected signal to calculate the signal attenuation
of the magnetic recording nedium the thernmal stability of the magnetic
recordi ng nesinimngustamasifi ethe Thenetite recaeding dhdd Din tiredenwdrd e el enent
is set to be larger than the total of the track width of a radi al

di rection cdtndmphenaeihaadsid itan aopreteéemdgnetli tehpyeaturmnd t he novenent
anount of the track position in the radial direction by thermal expansion
caused by heatatigrale neesiias iisomagmetber hegdovsth t vespectio Afteer a step
of preparing a magnetic recording nmediumconstituted by formng at |east a
magnet i c | dy@kn o agfhs tWiittd NG [Re SHagAet fe Repbederermimed Ud®< rotated to
di spose a magnetjc head on the main_ surface of the magnetic recording

medi um  t hPPBHPAT CThddif ERFHLS AgYaTr BYdEIRi YL ]S i ch i s

WTe tracllS TS i CB 0 RoABods WP AP EENato st FE b T7 Bl rIEadhe.

The mai n s 1R g A1 CEPRETIED e FALR SPPALa Hr oL T e ragnet | ¢

recording  JEGiUMANG ING TRANGHC S1GRY 1 VABELN A BENOSPNEIE HleAad d 0
recording medium, the thermal stability of the magnetic
recording medium is measured. The write track width of the
write element is set to be larger than the total of the
track width of a radial direction of the track position on
the magnetic layer, and the movement amount of the track
position in the radial direction by thermal expansion
caused by heating the head support member.

{Constitution 11) After a step of preparing a

magnetic recording medium constituted by forming at least a
magnetic layer on a substrate, the magnetic recording
medium is rotated to dispose a magnetic head on the main
surface of the magnetic recording medium, the magnetic head
comprising a read/write element which is opposite to the
main surface of the magnetic recording medium and whose
write track width is twice or more as large as a read track
width. The method also comprises the steps of: relatively
moving the magnetic head on the main surface with respect
to the main surface; disposing the magnetic recording

medium and the magnetic head under an atmosphere heated to



- 32 a predetermned tenperature; witing a signal to the magnetic |ayer
of the magnetic recording nediumby the read/wite elenent of the nmagnetic
head; detecting the wite signal witten to the magnetic |ayer by the
read/ wite el enent of the magnetic head; and conparing the wite signa
with the detected signal to calcul atetBeé —signal attenuation of the
magneti c recordi ng nmedium (Constitution 12) After a step of preparing a
magneti c recordi ng medi umconstituted by formng at | east a nagnetic |ayer

on a substr at pretibecrRgneti @eﬁ?é@éﬁi&f@; wBd 149 IS sighatiedot endi spose/fix a
magneti c head on the main surface of the nmagnetic recording nmedium the

magneti ¢ headneatpr iayeg afr ehd/ midriet Bt ereydrdiicC heldSuappgsthe to the
mai n surface of the nmagnetic recordi ng nedium and whose wite track wi dth
is tw ce or readéwadtkardemast aof etlte tmapiet i dtdad;Thleteetthnd ahso conpri ses
the steps of: relatively noving the nagnetic head on the main surface with
respect towrh&engignsdr vasbtedi spohagnadretnayisties bycshdi ng medi um and
the magnetic head under an atnosphere heated to a predeternined
t enper at ur ereafivrageacseynat ¢6 the magnptcia hgagyerands conpambygethe
recording medium by the read/wite el enent of the nagnetic head; detecting
the wite ¥rghgl SwePetelilth the delprist sigral by créculate/ ikfte el enent
of the magnetic Eeag' and Conpa£iq¥ t he €§ﬁite sig al mﬁta,the det ect ed
signal to c&-8lfat@ FRBUSLIGRaPE at el on Of R gnBFF¢ ecor di ng
medi um  (Constituti QEO%é)ci-{H%ESnaif) pr}?i\:/t':edredai sacerf)e%%j %'rsé%aring a

magnetic recording medium constituted by forming at least a

magnetic layer on a substrate, the magnetic recording

medium is rotated to dispose/fix a magnetic head on the

main surface of the magnetic recording medium, the magnetic

head comprising a read/write element which is opposite to

the main surface of the magnetic recording medium and whose

write track width is twice or more as large as a read track

width. The method also comprises the steps of: relatively

moving the magnetic head on the main surface with respect

to the main surface; disposing the magnetic recording

medium and the magnetic head under an atmosphere heated to

a predetermined temperature; writing a signal to the

magnetic layer of the magnhetic recording medium by the

read/write element of the magnetic head; detecting the

write signal written to the magnetic layer by the

read/write element of the magnetic head; and comparing the

write signal with the detected signal to calculate the

signal attenuation of the magnetic recording medium.

(Constitution 13) There are provided: a head/disc



- 33 nechanismsection provided with a nmechanismfor rotating a nmagnetic
di sk, and a magnetic head conprising a read/ wite elenent whose wite
track width is twice or nore as large as a read track width; a read/wite
circuit section having a function of pgiforning witing and reading of a
signal with respect to the magnetic disk; a signal evaluating section
havi ng a function of neasuring and evaluating a read signal of the
magnetic disk read fromthe read/wite elenment; and an environnental tank
cont ai ni ng Aécheabsmt dect hadirbwidereetiani snmeehbhosmaner bedtwt Logita ol | abl e
in tenperature. (Constitution 14) In the thermal stability neasuring
appar at us ofaghet aghetk c aretor diagpatdd headaconpdi aindg oa t headOnsitid ut i on
13, the head/di sk nechani sm section conprises a nmechanismfor fixing the
magnet i ¢ heatement aviprioteiivd ek qkosilditbn isbdvéceher nedre sas f bmegef t he
magnetic disk. (Constitution 15) There are provided: a head/disc mechanism
section pro¥¥ dedeid H B HedgHilyma greaddwattrgchrchbfneeseion shaviid a head
conprising a read/ wite_elenent _ inclyding a read elenment and a wite

el enent di sHOSERCOIIOSGT 87 I N 1 drPagBdofeaftndathe? i 1 Eha&k and on

d of a, d t nber ; , Wt I |t tion havi
FUnct 1 on oot (TR SHSEE v (1T TR SEARd IS of SLETGhaPTSREttibpoct Lo t he
o Ceval utotel Eng gh iR . Bk aRne R L d SRR A e TS 1O

read signal of the magnetic disk read from the read/write
element; and an environmental tank containing at least the
head/disk mechanism section and being controllable in
temperature.

{(Constitution 14) In the thermal stability
measuring apparatus of the magnetic recording medium
according to the constitution 13, the head/disk mechanism
section comprises a mechanism for fixing the magnetic head
to a predetermined position above the main surface of the
magnetic disk.

(Constitution 15} There are provided: a head/disc
mechanism section provided with a mechanism for rotating a
magnetic disk, and a head comprising a read/write element
including a read element and a write element disposed
opposite to the main surface of the magnetic disk and on
one end of a head support member; a read/write circuit
section having a function of performing writing and reading
of a signal with respect to the magnetic disk; a signal
evaluating section having a function of measuring and

evaluating a read signal of the magnetic disk read from the



34 read/wite elenent; and an environnental tank containing at |east the
head/ di sk mechani sm section and being controllable in tenperature. The
wite track width of the wite elenent is |larger than the total of the
track wwdth of a radial direction of t?; track position of the nagnetic

| ayer, and the noverment anopunt of the track position in the radial
direction by thermal expansion caused by heating the head support nenber.
In the present invention, by setting the wite track width of the wite

el ement of teedheatité cebandmt geind tharnviechnbatadf tihe ¢omekindel hatof the
radial direction of the track position on the magnetic |ayer of the
magneti ¢ dls&st atige t e dvbddesie mecramisim skcthent andkbeitisgti on in the

radi al direction by thernmal expansion of the support nenber for supporting
t he head bycomerohbaini¢ imfiemremtuodl.y ffThe wrighatrackenidith orf hhe he
thermal fluctuation of the nmagnetic recording nediumcan accurately be
measur ed aritiley splement g Hauoseithgn fheusatad o Bheherask width rack.
Moreover, in_the present, invention, there is provided a technique of using
the head cowprd skaiiahedlneatd/an idfe thte FEACKI ROGAELAN t PR Ve TEAGTHRIEIC Wi dt h
istwce of nore as large as the read tra%k wi dth. Therefore, onl t he

signal att T 0P e INSEIRAT AMOERGaP oﬁhaft{:‘f‘@k Pt%h"é’.c‘?% Tecdti ng
redl um can SESHEL Y B SPAR GG AR SUBhUBLRT- LR UL, DR enced
head support member.

In the present invention, by setting the write
track width of the write element of the head to be larger
than the total of the track width of the radial direction
of the track position on the magnetic layer of the magnetic
disk, and the movement amount of the track position in the
radial direction by thermal expansion of the support member
for supporting the head by the thermal influence, only the
signal attenuation by the thermal fluctuation of the
magnetic recording medium can accurately be measured and
evaluated without being influenced by a thermal off-track.

Moreover, in the present invention, there is
provided a technique of using the head comprising the
read/write element in which the write track width is twice
or more as large as the read track width. Therefore, only
the signal attenuation by the thermal fluctuation of the
magnetic recording medium can accurately be measured and
evaluated without being influenced by the thermal off-
track.

Furthermore, in addition to the predetermined



35 head, by enmploying a nechanismin which a head armas the head support
menber is nmechanically fixed, the magnetic head is fixed/disposed onto the
predeterm ned position on the nmain surface of the nagnetic recording
medium and the magnetic head is relatively noved to the main surface on
the main surface, wth respect to head Sésrtioning, conpl i cat ed nechani sns
such as mcro-positioning (nmechanism for matching the read track wth the
wite track) are unnecessary, and the head driving apparatus and nedi um
driving appaeatdysbgasmpeolifyas uhécieshiso thathitdhe a Pleeideatrinoast ehkhe
environnmental tank is facilitated. Therefore, the measurenent and

eval uati on aeedeaspbyrtpmssbéteiatmeavarciostlsl wiilxed, hehexmagnatic
environnments such as a tenperature are changed. Additionally, when the
head wite headkiwi diketlgdibpesed hamte viiloe rasdedregamiasdt pesitadnt pack

wi dth, the influence of the thermal off-track is possibly exerted. The
upper |imtthe painespeéaar! 9| the teanafiitc traeonding mediuk, wetdehthe
preferably of the order of twice to five tinmes as large as the read track
wi dt h (howeliegnethe Weptleist Fatitiwelh navest dicertdtsl painnseriaseeono
mnimze the, influence of the thermal off-track), because the influences
of the ther kB BRED: PUEK2GRd BERRroIREGy dk OS8Ry 9and conpl et el y

be avoi ded. Thelmﬁd h,is %kggﬁgrefer bl e wﬁth_yesp%ct to the bﬁlance of
the head. BRPEPLPESERFPIF A S HRRANES CF9-PoS1tioning (Mechanism

for matching the read track with the write track) are
unnecessary, and the head driving apparatus and medium
driving apparatus can be miniaturized, so that the
projection to the environmental tank is facilitated.
Therefore, the measurement and evaluation are easily
possible at low costs while the external environments such
as a temperature are changed.

Additionally, when the head write track width is
less than twice as large as the read track width, the
influence of the thermal off-track is possibly exerted.
The upper limit is not especially limited, but the write
track width is preferably of the order of twice to five
times as large as the read track width (however, the write
track width is preferably 2 um or more to minimize the
influence of the thermal off-track), because the influences
of the thermal off-track and other off-tracks can securely
and completely be avoided. The width is also preferable

with respect to the balance of the head.

BRIEF DESCRIPTION OF THE DRAWINGS




Fig. 1 is a partial sectional view of a magnetic recording nmedi um
according to a first exanple of the present invention. Fig. 2 is a table
showi ng the properties of the magnetic recording nedia of exanples and
conparative exanples. Fig. 3 is a table showng the properties of the
magnetic recordi ng nedi a of exanples an 6cﬁnparative exanples. Fig. 4 is
an explanatory view showing the action of a seed |layer of the present
invention. Fig. 5 is a schematic diagram showi ng a nagnetic disk according

to one enbodi ment ofighelpiesanparbyeNtseitiordly vik SfaR @4%Bhapratory view
showing a relation between the filmthickness of a magnetic layer and the

i nfl uence ofethediny hedittmadcorrding.t& d Liastexphapakoby yvhew showi ng t he
entire constitution of a thermal stability measuring apparatus of the
present invehepent EnygenBiow.a partial sectional view of a head/disk
mechani sm section. Fig. 9 is a plan view of the head/di sk mechani sm
section. Fig. 10 i sFadtrénisviewrBhowheyinge theadmepersicsl effetbest ruct ure
of a usual MR head. Fi 1 is a graph showing the result of signa

1 .
at t enuat i on™ABASHF€dTBYOLSHRY TRty cxampleSd apr FerBashtave-

examples.

Fig. 3 is a table showing the properties of the
magnetic recording media of examples and comparative
examples.

Fig. 4 is an explanatory view showing the action
of a seed layer of the present invention.

Fig. 5 is a schematic diagram showing a magnetic
disk according to one embodiment of the present invention.

Fig. 6 is an explanatory view showing a relation
between the film thickness of a magnetic layer and the
influence of thermal fluctuation.

Fig. 7 is an explanatory view showing the entire
constitution of a thermal stability measuring apparatus of
the present invention.

Fig. 8 is a partial sectional view of a head/disk
mechanism section.

Fig. 9 is a plan view of the head/disk mechanism
section.

Fig. 10 is a front view showing the read/write
element structure of a usual MR head.

Fig. 11 is a graph showing the result of signal

attenuation measured by using the predetermined MR head of



the present invention. Fig. 12 is a diagram show ng the straight |ine
inclination of the graph of Fig. 11. Fig. 13 is a graph showing the result
of the signal attenuation neasured by using the usual MR head. DETAILED
DESCRI PTI ON OF THE PREFERRED ENBODINENT? A magnetic recording nediumand a
thermal stability neasuring apparatus o 7t Fe present invention wll

further concretely be described with reference to exanples. First, the
magneti c recording mediumin which a nonmagnetic |ayer is disposed between
at | east onehpapteebntmignehttohayers will be described. Exanple 1 As shown
in Fig. 1, the magnetic recording nmedium of Exanple 1 conprises a magnetic
di sk fornmed by suc@égsi 8l ysl andbagrag sheeady [theerstZaightuidee | ayer 3,
an internediate layer 4, a first magnetic layer 5, a nonmagnetic |ayer 6,
a second nagheilivatagerof, the graplecef VviBid.ayldr. 8, and a lubricant |ayer 9
on a glass substrate 1. The glass substrate 1 is formed of a chemcally
rei nforced al um nosFRgcaté gsaésgram@ Qh@ﬁ%ﬂﬁfﬁhﬁaﬁ%§uhﬁ ©foithgol i shed to

provide a surface roughness Rmax = 3. nm The seed | ayer 2
conpri ses afiSPAL ?ﬁFﬁnuPF¥ﬂﬁ($$?%¥¥%#d%hé§§ﬂg76@eaﬁé§?;owg) headei ti onal | y,
this NA thin filmis constituted at a conposition ratio of Ni: - 38 - 50

at% Al: 50 at%
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A magnetic recording medium and a thermal
stability measuring apparatus of the present invention will
further concretely be described with reference to examples.

First, the magnetic recording medium in which a
nonmagnetic layer is disposed between at least one pair of
magnetic layers will be described.

Example 1

As shown in Fig. 1, the magnetic recording medium
of Example 1 comprises a magnetic disk formed by
successively laminating a seed layer 2, an under layer 3,
an intermediate layer 4, a first magnetic layer 5, a
nonmagnetic layer 6, a second magnetic layer 7, a
protective layer 8, and a lubricant layer 9 on a glass
substrate 1.

The glass substrate 1 is formed of a chemically
reinforced aluminosilicate glass, and the surface is
mirror-polished to provide a surface roughness Rmax = 3.2
nm, Ra = 0.3 nm. The seed layer 2 comprises an NiAl thin
film (film thickness: 700 angstroms). Additionally, this

NiAl thin film is constituted at a composition ratio of Ni:



The under layer 3 is a &M thin film(film thickness: 100 angstrons), and
is disposed to enhance the <crystal structure of the magnetic |ayer.
Additionally, this CM thin filmis constituted at a conposition ratio

of Cr: 90 at% Mbd: 10 at% Moreover, the internediate layer 4 is a CoCr
thin film(filmthickness: 50 angstromsP8 ~—and is di sposed to enhance the
orientation of CGaxis of the magnetic layer. Additionally, this CoCr thin
filmis a nonmagnetic filmwith an HCP crystal structure at a ratio of

Co: 65 at% s@r 5+8> an% sbaghsof the first and second magnetic layers 5, 7
conprises the same filmmaterial of a CoPtCrTa alloy, and has a film

t hi ckness of 120 angsis efBlerEagheeoBt £8taofrie,thiRt ,£iQm (Edlof the magnetic
| ayer is as follows. Specifically, the first nagnetic |ayer contains Co:
72.5 at% PRhicknat¥: Co0 ifgattomIp; &nd it WdisHuseskedonénhangrethe | ayer
contains Co: 71 at% Pt: 8 at% Cr: 18 at% Ta: 3 at% The internedi ate

| ayer 4 presentsthdt weenctheef bfsthe npgmeetic | kayar.5 Addithensddynd magnetic
layer 7 is a OGMC thin film(filmthickness: 30 angstraons) and the

- conposi ti onthdtsi €rMeo Chingfids asogomptibutsd satya composs tigruratpe
‘protective |layer 8 prevents the magnetic |ayer frombein eteriorated by
‘contact witoft & :m@§netite Meadlo é%%-isM%¥ﬁ@X¢§nn§Qf g e%&? Ps, first

' or . ey h | . .
Prghffagve H%%%& %aissg C%gg %gggngi8$oiEE&&”%%Jéﬁﬁgééyjgoaghg%%%%mk?,order

and is disposed to enhance the orientation of C-axis of the
magnetic layer. Additionally, this CoCr thin film is a
nonmagnetic film with an HCP crystal structure at a ratio
of Co: 65 at%, Cr: 35 ats.

Each of the first and second magnetic layers 5, 7
comprises the same film material of a CoPtCrTa alloy, and
has a film thickness of 120 angstroms. Each content of Co,
Pt, Cr, Ta of the magnetic léyer is as follows.
Specifically, the first magnetic layer contains Co: 72.5
at%, Pt: 8 at%, Cr: 16 at%, Ta: 3.5 at%. The second
magnetic layer contains Co: 71 at%, Pt: 8 at%, Cr: 18 atsg,
Ta: 3 ats.

The intermediate layer 4 present between the first
magnetic layer 5 and the second magnetic layer 7 is a CrMnC
thin film (film thickness: 30 angstroms) and the
composition ratio is Cr: 97.95 at%, Mn: 2.00 at%, C: 0.05
ats.

The protective layer 8 prevents the magnetic layer
from being deteriorated by contact with the magnetic head,

and is constituted of two layers, first protective layer 8a



side of the magnetic |layer. The first protective |ayer 8a conprises a Cr
filmwith a filmthickness of 50 angstrons, and forns a chem cal
protective layer to prevent the nagnetic properties of the nagnetic |ayer
frombeing deteriorated by oxidation. The other, second protective |ayer
8b conprises a hydrocarbon filmwith a £ mthickness of 100 angstrons and
can provide resistance to wear. The lubricant layer 9 conprises a liquid

| ubricant of perfluoropolyether, and this filmnoderates the contact wth

the magneti gnieadcofddpi-beBathive 18fef i 3N 1dMIGIERSS in ©r@eangebmofhe A

met hod of manufacturing a nmagnetic disk constituted as described above
will be deseriideedf haeemaghtetic Fayst, ol rfiarstsyrcaeetiMentayed. Banm Ra
= 0.3 nn) was formed by precisely polishing the main surface of the glass
substrate 1lcohpmicalsl ¢ Cei fif dmcedtbya i Hilm exdtclhdmgss SdbSOquenskyonshe seed
| ayer 2, under layer 3, internediate |layer 4, first nmagnetic |ayer 5,
nonmagnet i c andayerms, asebendcabgpectect tyerlayerf itcsysvendgcthee | ayer 8a,
and second protective |ayer 8b were successively formed into filns on the
mai n surf ac@aghethe grapsrsipst phtehe m3anehie jIayesp frosy PRENIThe seed

| ayer 2, under layer 3, _internmediate |ayer 4, first magnetic Iager 5,
nonmagnet i c detgydpratedebynaxidghionc | MR rothedhd 59G09C Protective | ayer
8a were fornged in_an at nosphere of Ar s whereas .the econd. protective
Cayer 8b vereYee: ABACHPENCaE nbs BHEFRotrbon gL A HD 2 BB Po bR aPE
gases. of 100 angstroms and can provide resistance to wear.

The lubricant layer 9 comprises a liquid lubricant
of perfluoropolyether, and this film moderates the contact
with the magnetic head. Additionally, the film thickness
is 8 angstroms.

A method of manufacturing a magnetic disk
constituted as described above will be described
hereinafter. First, a mirror surface (Rmax = 3.2 nm, Ra =
0.3 nm) was formed by precisely polishing the main surface
of the glass substrate 1 chemically reinforced by ion
exchange. Subsequently, the seed layer 2, under layer 3,
intermediate layer 4, first magnetic layer 5, nonmagnetic
layer 6, second magnetic layer 7, first protective layer
8a, and second protective layer 8b were successively formed
into films on the main surface of the glass substrate 1 by
in-line sputtering. The seed layer 2, under layer 3,
intermediate layer 4, first magnetic layer 5, nonmagnetic
layer 6, second magnetic layer 7 and first protective layer

8a were formed in an atmosphere of Ar gas whereas the

second protective layer 8b were formed in an atmosphere of



Subsequently, the second protective |layer 8b was dip-treated with the
l'iquid lubricant of perfluoropolyether to formthe lubricant |ayer 9

t hereon, thereby obtaining the nagnetic disk. For the nmeasurenent results
of coercive force, S/INratio, PWO of i@g obt ai ned magnetic disk, the
coercive force was satisfactory at 2300°Ce, the S/INratio was 29.5 dB, and
PW0 was al so satisfactory at 22.8 nsec. Mreover, the signal attenuation
was -0.080 dB/ decade, KuV/kT = 90 at 100 kfci, 60C. Additionally, the
coercive forged, SHY:78Y i RixPMBO gaese. neasured by the fol l owi ng measuring
met hods. The neasurenent of the coercive force conprised: cutting a 8 m#d
sanpl e fromthe nanstlas¢guent hpgndte caticgid, pappegthgealapagnébiwasdi el d
toward the filmsurface; and perform ng neasurenent at a nmaxi mum external
appl i ed naghiptiréatedd with e Qe anida lublsigenhgof appt Bl nexree byetlar VSM
Furthernore, the recording readback output was neasured by: using an MR
head with atorefeetiheclibrigamy igiegh® dhergopzstharekevt ¢htrinid rel ative
rate of the MR head and the magnetic disk to 10 m sec; and_neasurjng the
recording FRadmRERebit p‘iﬂts n 95 f&er TeESYFETAPL dBREREYS off WEERFIC (the

[ near [ ecoRgLng, Senel Ly pL 34R000 DIt Ber NSl o MBS Sl {00 se
ol Veer DLeSBALTI cR RS LUMEIRN L 8. STaf 1, S pTRapu s
w dth of 1.240. 99 P q@nch 2 BEHENS 2930 9aR16890E8r9Tat 22.8 nsec.
Moreover, the signal attenuation was -0.080 dB/decade,
KueV/kT = 90 at 100 kfci, 60°C.

Additionally, the coercive force, S/N ratio, PW50
were measured by the following measuring methods. The
measurement of the coercive force comprised: cutting a 8
mm¢ sample from the manufactured magnetic disk; applying a
magnetic field toward the film surface; and performing
measurement at a maximum external applied magnetic field of
10 kOe by a vibrating sample magnetometer VSM.

Furthermore, the recording readback output was measured by:
using an MR head with a magnetic head flying height of
0.025 pm; setting the relative rate of the MR head and the
magnetic disk to 10 m/sec; and measuring the recording
readback output in a linear recording density of 346 kfcl
{the linear recording density of 346000 bits per inch).
Moreover, the noise spectrum during signal recording
regeneration was measured by a spectrum analyzer by setting
a carrier frequency to 67.6 MHz, and a measurement band to

76.3 MHz. The MR head used in the measurement had a track



0.27/0.15 pmon a wite/read side. Mreover, the PW0 (the nesial magnitude
width of the isolated regeneration signal) was neasured by: extracting an
i sol ated readback signal with an read/wite tester(GQJZIK) provided with
the MR head for the PW0 neasurenent; and neasuring the width of an
isolated waveformin 50% of the peak‘V%#Ué of an output signal to the
ground (0) as PWh0. Additionally, for a high recording density, a snaller
PW0 is preferable. This is because nore pulses (signhals) can be witten
on the sameypde &f th. 2 40 JRMEOWpd semadebic Meddegans Bendtanc £ when the
PW0 is |arge, adjacent pulses (signals) interfere wth each other, and
an error appeatA0 dif ipg oreadiwyg tef/ rebd siigral . This waveforminterference
deteriorates an error rate. This necessitates the setting of PW0 to 23.5
nsec or |ess. Furthéoreresr t hithe 50l ( thleunesdailomagnbpede i esdtiver e
nmeasured as follows. First, an activated magnetic nonent (vlsb) as a
product of theznﬁ¢lanednragﬁnﬁn§umpp sAagnalsavasantéasupnedadiy: (Isb) of a
magneti zation reversal mninmumunit was calculated by the fluctuation
field (H ) optzadendAn \Paﬁqliart@dnr@édaua@&e%gn@h Vh‘éhV%IPtIF%Ji §¥L9rocess,

neasurenentlss ge rformed as follJows, In a repan e nmagneti zation curve

neasur enenttesh§ Eg@@%ﬁﬁ%‘?ﬁ%ﬁ%?’%&&@&”%h?a h Pi MRt Qi ting ti e

42 of a m”‘xﬁ’é‘aeédfeéén A anl BRSNS RAL GOUPhL' 88540 PLES Dy
waveform in 50% of the peak value of an output signal to
the ground (0) as PW50. Additionally, for a high recording
density, a smaller PW50 is preferable. This is because
more pulses {(signals) can be written on the same area with
a narrow pulse width. On the other hand, when the PW50 is
large, adjacent pulses (signals) interfere with each other,
and an error appears during reading of the signal. This
waveform interference deteriorates an error rate. This
necessitates the setting of PW50 to 23.5 nsec or less.

Furthermore, the thermal fluctuation properties
were measured as follows.

First, an activated magnetic moment (vIsb) as a
product of an activation volume (v) and a saturation moment
(Isb) of a magnetization reversal minimum unit was
calculated by the fluctuation field (Hf) obtained by
Waiting Time process.

In the Waiting Time process, measurement is
performed as follows.

In a remanence magnetization curve measurement,

Hr{t) is measured by successively changing the waiting time



the cut ~8 mm sanple onto a sanple signal type nmagnetoneter (VSM and
applying a sufficiently large positive magnetic field to the sanple;
applying a mcro negative magnetic field HL to renove the magnetic field,
measuring a remanence nmagnetization M; and again applying the positive
magnetic field, applying a magnetic firehd F2 larger than H to renpve the
magnetic field, and subsequently neasuring a residual magnetization M.
The simlar operation is repeated until M reaches a residual

magneti zati gg yrmagEQE§b”§geiéﬂ1 Mha méééﬂﬁgﬂéﬁi1dém@&ﬁ%b@:tg$a&§ﬁ§dua|
magneti zati on curvé. The value of magnetic field Hin M= is defined as
Hr _(rerranen%aecaatcg)semﬁxow@le Seibse gl eniniple tsienalf tiypeenhbyet angeer
positive ~magnetic field is applied to the sanple, the negative magnetic
field HL is (gsmhi addf appaydagt anguffiwi@ithb lageopdsittire magnetic field
is then renoved, and the residual magnetization ML(15) is measured.

Furt her mor e fieflhHe tposhti semphgnesprlyind b irslappnegd tivet hegseatple, the
negative nmagnetic field H2 is applied for 15 seconds, the nmagnetic field
i s then rendiedd Hddtpheemeveduhe magnpiets Aidlsh WREBHEing geasured. The
measuring operation is regeated until M (15) equals the residual |
magnet i zat i GAMaRENCEhBagBEaLAREIPR M1 M qN%)a951n Arerlvdd s hepPashtiKe

resi dual magnetization curve for the waiting ti o) 5. seconds. The H

val ue in M BagnesigefiRéd: a8PPHY1BY . 2 TIRORG *?é%ﬁﬂﬁéﬁétﬁéﬁgﬁ§ gBBBaPZd for

avaiting 43 tie of (13 38500¢%: £PePECONMP s AR SREAS nb22u386g"ES:
residual magnetization M2. The similar operation is
repeated until Mi reaches a residual magnetization Mr.
Obtained (Hi, Mi) is plotted to obtain the residual
magnetization curve. The value of magnetic field H in M =
0 is defined as Hr ({(remanence coercive force).

Subsequently, the sufficiently large positive

magnetic field is applied to the sample, the negative
magnetic field H1l is applied for a waiting time of 15
seconds, the magnetic field is then removed, and the
residual magnetization M1(15) is measured. Furthermore,
the positive magnetic field is applied to the sample, the
negative magnetic field H2 is applied for 15 seconds, the
magnetic field is then removed, and the residual
magnetization M2(15) is measured. The measuring operation
is repeated until Mi(15) equals the residual magnetization
Mr. The obtained ({(Hi, Mi(15)) is plotted to obtain the
residual magnetization curve for the waiting time of 15
seconds. The H value in M = 0 is defined as Hr{1l5}.

The similar operation is repeated for a waiting



240 seconds, 480 seconds (8 mnutes), and the magnetic field Hr(15),
Hr(30), H(60), Hr(120), Hr(240), H(480) in each waiting tine is

obtai ned. When this H(t) is plotted wth respect to a tine logarithm (In
t), H(t) linearly decreases, and the thermal fluctuation field H is
obtained by the inclination dHr(t)/d'(I413t‘). From Hf obtained in this
manner, vlisb is calculated by the follow ng equation. visb = kT/H Here, k
denotes Boltzmann's constant (1.38 x 10-16 erg/k), and T denotes an

absol ut e t efpgs RIS (d9cdRisg)g 30MBasvhad, Ehesasdbhds) iTI0 WHdotRisy, i s used
as the volunme of the mninmumunit of the magnetization reversal of the

magnet i c | &40 ,searchdd,sht sibtsaicoadisby Sl hiipey) ngatdietivo lmgmethye t he
saturation magnetization (lIsb) is the magnetic nonent anount of the

mi ni mum uniffiegifd tHre( Ifagndtd (Zéti,obxr (66Ver Ball128br ebw 62403 n Hraf48d)atiiron of
vKu/ kT, v and Ku need to be nmeasured, but there is a relation of Ku =
(Hkl sb) /2, catid W ing Itowend seggpiioadi s Baceutidinit )y urs mdrott&skuni ng
Hco = Hk/2. v ku = vHk.1sb/2 = vlsbHk/2 = vl sbHco Here, HcO denotes
coercive fdfdd ReIRIDT £ e tigsedepasitbncélret] s Hetler ilbmaaad by the
thermal fluctuation, and i s coercive force He which can be obtained in a
measur ementdQGERASRS 1 RIsk dde UhegHedr flRtuaRhbeR st A 4T dni tedgied

magneti c fié§‘%ﬁ%”?ﬁ%f@ﬁéé?%dﬁdﬂrq%?VHQEE gg.thﬁrom Hf obtained in
this manner, vIsb is calculated by the following equation.
vIsb = kT/Hf

Here, k denotes Boltzmann’s constant (1,38 x 1071
erg/k), and T denctes an absolute temperature (K} being
measured.

The activation volume v is used as the wvolume of
the minimum unit of the magnetization reversal of the
magnetic layer, and vIsb obtained by multiplying the volume
by the saturation magnetization {(Isb) is the magnetic
moment amount of the minimum unit of the magnetization
reversal.

Moreover, in calculation of vKu/kT, v and Ku need
to be measured, but there is a relation of Ku = (HkeIsb)/2,
and the following equation i1s calculated by further
assuming Hcp = Hk/2.

veku = veHkeIsb/2 = vIsbeHk/2 = vIsbeHcy

Here, Hcg denotes coercive force Hc before the
coercive force Hc is deteriorated by the thermal
fluctuation, and is coercive force He which can be obtained

in a measurement time of 107 %sec. Moreover, Hk denotes an



magneti zati on reversal, and vlsb denotes an activation nmagnetic nonent.
Since Hco as the coercive force He before the deterioration of coercive
force He by the thermal fluctuation cannot substantially be neasured,
Sherl ock's equation is used to calculate Hco from He and vlsb. The

Sherl ock's Law i s an approxi nmate equafiéﬁ dependent on the measurenent
time of He obtained as a result of mcro magnetic sinulation, and is
represented as follows. He/Hco = 1-{ (kT/vKu)ln(fot)”0.735} Moreover, when

t he above- daadsobedpassuaphéoic of idld surldd 2y ithet ak8AmulNBneHUSEI PRei S
nodified as follows. He/Hco = 1-{ (kT/vlsbHco) In (fot) ~0.735} Here, k
denot es Bol magaahigatbost aatefdaB8 and GrIldh elegickrs in denovesibhe

measur enent absol ute tenperature, fo denotes a vibration (fluctuation)
factor (10 mopkytic memendks a neasurenent tinme (600 sec), and vlsb denotes
an activation magnetic nonent (enmu). Since the values other than Hco are
known in the above &4bg€i Bfiy 3k Fheasasacdseaifnedeblic peféve nimg nuneric

anal ysi s/ cal cul ation of Hco. In the follomjn% exanpl es and conparative
exanpl es, tABTRBAPERTEON{QF cROCRYIYG diarse H@pOY shgnihesmaénuation, and

KuV/ kT are asured based on the abqve-descri bed neasuring nethod.
CowparativefE§3 PELIR TR MR it %FQHQﬁ?iiﬁé%PomﬁéﬁuFﬁdth%thk??%}Snanner
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Sherlock’s Law is an approximate equation dependent on the
measurement time of Hc obtained as a result of micro
magnetic simulation, and is represented as follows.

Hc/Hey = 1-{ (kT/vKu)ln(fget)~0.735}
Moreover, when the above-described assumption of Hco = Hk/2
is taken, the equation is modified as follows.

Hc/Hey = 1-{{kT/vIsbeHcy) ln{fqoet)~0.735}
Here, k denotes Boltzmann’s constant (1.38 x 1076 erg/k), T
denotes the measurement absolute temperature, f, denotes a
vibration (fluctuation) factor (10 ~9Hz), t denotes a
measurement time (600 sec), and vIsb denotes an activation
magnetic moment {emu). Since the values other than Hep are
known in the above equation, Hce can be obtained by
performing numeric analysis/calculation of Hcyg. In the
following examples and comparative examples, the coercive
force, 3/N ratio, PW50, signal attenuation, and KueV/kT are
measured based on the above-described measuring method.

Comparative Example 1

The magnetic disc was formed in the similar manner

as in Example 1, except that the nonmagnetic layer 6 of



at% Mo: 6 at% (Conparative Exanple 1). \Wen the coercive force, SIN
rati o, and PWbO of the magnetic disk were neasured, the coercive force was
2300 Oe, the S/INratio was 29.5 dB, the PWO0 was 23.8 nsec, and PWO0 did
not obtain a satisfactory result. Mreover, the error rate indicated a

hi gh val ue as conpared with Exanple 17 #breover, the signal attenuation
was -0.095 dB/ decade, KuV/ kT = 80 at 100 kfci, 60C. Here, wth respect to
the thermal fluctuation properties, the higher coercive force is

pref erabl e.cMihen dhemyahpiee of Wahe fOriletiabisOal Qereasksn £1En [ESEH, are
preferably reduced. Moreover, the smaller PW0 (half value w dth of

i sol at ed regenernasi of stgnajQompainae ive Epaepeeab) e, wWineh i the sSceat¢ti ddhat a
di fference of about 1.0 nsec produces a difference of about 1.3 Gb/inch2.
When the sfgned, adffemetticon aetP@desf the mnhgneabicfdisk ustreon resistance
is preferably enhanced. Specifically, KuVW kT 85 is preferable. Exanples 2
to 5, Conpareasweedxais eperaime Forice magnaBPe descehees A foatewl was t he
simlar manner as in Exanple 1, except that the filmthickness of the

nonmagnet i 29 ey e¥B6 Hte & W5¥S Badpheet, wasdsBE50 odid nefgsebierdn (Exanpl e
2), 10 angstrons_(Exanple 3), 50 angstrons (Exanple 4), 100 angstrons
(Exanpl e 5)SaBLSLRHRTHESY aMrCPT CEx afPPeC3TOT ahgta 2N ARt D s
(Cbnparativekﬁgqggte 3). The coe CL% %orce SIN ratio, PWQ, signa
attenuationhj( /echde)S KIWKTE D" tle EamDRe 1 np MRFFAVEE skhSre as shown
in atable §§g£gﬂ'aé%enuation was -0.095 dB/decade, KueV/kT = 80 at

100 kfci, 60°C. Here, with respect to the thermal

fluctuation properties, the higher coercive force is

preferable. When the value of the S/N ratio increases, the

noises are preferably reduced. Moreover, the smaller PW50

(half value width of isolated regeneration signal) value is

preferable, and it is said that a difference of about 1.0

nsec produces a difference of about 1.3 Gb/inch®?. When the

signal attenuation decreases, the thermal fluctuation

resistance is preferably enhanced. Specifically, KueV/kT >

85 is preferable.

Examples 2 to 5, Comparative Examples 2 and 3

The magnetic discs were formed in the similar
manner as in Example 1, except that the film thickness of
the nonmagnetic layer 6 of CrMnC of Example 1 was set to 5
angstroms (Example 2), 10 angstroms (Example 3}, 50
angstroms (Example 4), 100 angstroms (Example 5), 3
angstroms {(Comparative Example 2), and 120 angstroms
(Comparative Example 3). The coercive force, S$/N ratio,

PW50, signal attenuation (dB/decade), KueV/kT of these



As apparent fromthe table of Fig. 2, the film thickness of the
nonnmagnetic | ayer of &GMCis preferably in a range of 5 to 100 angstrons
in view of the coercive force, S/INratio, PWO0 magnetic properties, signal
attenuation, and KuV/ kT thermal fluctuation. Exanples 6 to 10, Conparative
Exanples 4 to 7 The nmagnetic discs were4formed in the simlar manner as in
Exanpl e 1, except that the conposition of the nonmagnetic |ayer 6 of
CrMn2Ce.05 (Cr: 97.95 at% WM 2 at% C 0.05 at% of Exanple 1 was
changed to @aNn@t3€061skEr are989s 4ohein¥oil 1A ealc¥ FE€y.0201 at% (Exanple
6), CrM5Ce.01 (Cr: 94.99 at% M1 5 at% C 0.01 at% (Exanple 7),
Crvh2CO 1 (Cr: 97. 9Aat Hpphtren? Ardfm €he OtdbBs W9f (FExamPl, e tBr, £iCnVN2C0. 5
(Cr: 97.5 at% M. 2 at% C 0.5 at% (Exanple 9), CCO 2 (Cr: 99.8 at%

C: 0.2 at % thiEganpbe ¢0) ther Mni@reti@8 gty dthCr¥nat ¥ pCefipasblive
Exanple 4), CrM2Co.55 (Cr: 97.45 at% M. 2 at% C. 0.55 at%

( Conpar at | véRERapREespL S MO AGnaEt(adrs 190 vBewab®, tha: cOedcaréy C 0.01
at9%9 (Conparative an |le 6), and CrMi6C0.01 (Cr: 93.99 at% M 6 at%
C. 0.01 at%°otesnmpi gtggEl?ka%¥§Q9m99neﬂ%§(RﬁQRﬁrﬁéeSioﬁéﬁnaSIN ratio, and
PWb0 of these,. nagnetic disks. ar sho i.n a table of Fig. 3. Exanples
11 to 13 Thggﬁﬁﬁﬁgﬁ%gnfeﬁ% d$ﬂﬁﬁ%§§ﬁgeﬁ@£g FEPHEHtho?he simlar manner as
i n Exanpl e %X £X i | ayer (crystal particle dianeter
control | ay€ 6 2L ‘

f or med

The magnetic discs were formed in the similar
manner as in Example 1, except that the composition of the
nonmagnetic layer 6 of CrMnyCpes (Cr: 97.95 at$, Mn: 2 at$,
C: 0.05 at%) of Example 1 was changed to CrMnyp.s5Co.01 (Cr:
99.49 at%, Mn: 0.5 at%, C: 0.01 at%) (Example 6), CrMnsCo o:
(Cr: 94.99 at%, Mn: 5 at%, C: 0.01 at$) (Example 7),
CrMnyCo,n (Cr: 97.9 at%, Mn: 2 at%, C: 0.1 at$) (Example 8),
CrMn,Co.s (Cr: 97.5 at%, Mn: 2 at$%, C: 0.5 at$) (Example 9),
CrCo.2 (Cr: 99.8 at%, C: 0.2 at%) (Example 10), CrMn, (Cr:
98 at%, Mn: 2 at%) (Comparative Example 4), CrMnsCq.55 (Cr:
97.45 at%, Mn: 2 at%, C: 0.55 at$%) (Comparative Example 5},
CrMng.4Co.01 (Cr: 99.59 at%, Mn: 0.4 at%, C: 0.01 at$%)
(Comparative Example 6), and CrMngCo.o1 (Cr: 93.99 at%, Mn:
6 at%, C: 0.01 at%) (Comparative Example 7). The coercive
force, S/N ratio, and PW50 of these magnetic disks are as
shown in a table of Fig. 3.

Examples 11 to 13

The magnetic recording media were formed in the
similar manner as in Example 1, except that the nonmagnetic

layer (crystal particle diameter control layer) of



bet ween the substrate and the seed | ayer (Exanple 11, Fig. |b), the
| ayer was constituted of two |ayers and the nonnagnetic |ayer (crystal
particle dianmeter control layer) of CrMC(layer thickness: 15A) of
1 was forned between the seed |ayers (Exanple 12, Fig. 1c), and 15 at% of
Mo was added to the material (M 2 étﬁf C 0.05 at% M: 15 at% OCr:

resi due) of the nonmagnetic |ayer (crystal particle dianmeter contro
| ayer) of Exanple 1 (Exanple 13). The nonnagnetic | ayer constituted
Cr MnCN was drommed layerafhatknspber BO0A) Asf N AL 120 latfds Morimee gases by
in-line sputtering. In the magnetic recordi ng nedi um of Exanple 11,
further di dedasicey the Gublks€rbhageandnties sdwed Skeerkd ajFranptilee 116r Fibal
n properties of the magnetic layer (Co) is enhanced, and as
conpar ed wilth ,Etéueplsect, leyerSyisr avhetitmtedws) twad Ueyers eqdi vhkeent, and
the coercive force is _enhanced bé +70 Ce. In the magnetic recording

@
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of Exanpl @&cppagpptdiendavedt iAgYe

1 spagticlerdignatay Icopgrsl lewer
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grow h of the seed |layer (N Al) is inhibited, the upper layer filmfrom

t he second

ofefaMng\idayes tnaskpesdi viekl of BrEmighriagies ifomeder of

and the P&?gﬁ val ue i s therﬁfore r?duced by 0.5 nsec and i npraoved as

conpar ed
Exanpl e 13
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particle diameter control layer) of Example 1 {Example 13).
The nonmagnetic layer constituted of CrMnCN was formed in
an atmosphere of Ar+N;{N;:20 at$%$) mixture gases by in-line
sputtering.

In the magnetic recording medium of Example 11, by
further disposing the CrMnC layer under the seed layer, the
crystal orientation properties of the magnetic layer {Co)
is enhanced, and as compared with Example 1, the S8/N ratio
and PW50 value are equivalent, and the coercive force is
enhanced by +70 Oe. In the magnetic recording medium of
Example 12, by constituting the seed layer by two layers,
the grain growth of the seed layer (NiAl) is inhibited, the
upper layer £ilm from the second seed layer is finely
divided by the nonmagnetic layer of CrMnC, and the Pw50
value is therefore reduced by 0.5 nsec and improved as
compared with Example 1. Moreover, in the magnetic
recording medium of Example 13, since the matching with the
magnetic layer is enhanced, as compared with Example 1, the

PW50 value is equivalent, the coercive force is enhanced by

Cr MnC,

RS mgn it ¥eeofdiIng onéddum of

as
force



descri bed above, as conpared with Exanple 1, further satisfactory result
is obtained in the nmagnetic properties, and the thermal fluctuation
resistance is sufficiently satisfied. As apparent fromthe table of Fig.
3, the nonmagnetic layer is an alloy containing at least Cr and C
preferably an alloy containing Cr, C and8MWh, the content of Cis
preferably in a range of 0.01 to 0.5 at% and the content of M is
preferably in a range of 0.5 to 5 at% Additionally, a & X (X M, W Ta,

v, Ti) a"0¥90g6¥,b§naseﬁei§ fieage 0f Q -erlihddides bgase. 3t ks . copgent of X is
(0]

in arange o 0 at% reover, in the above- described examples, the

nonmagnet i ¢ gbayehpell LBsval |l 8y comsd Pediwit HOEngh1E 1S ifotkehpesed bet ween
the magnetic layers, but the nonmagnetic |ayer of the present invention

may be di spesedsyadeprirheesubst { at ebisd deedraignethec nlagyet icApobbertiagneti c
recording nmediumw || next be described, in which between the nonmagnetic
films constintuthegthbematefliayesatidmerdsisransd dise sudfacitotdd of the
material different fromthat of the nonmagnetic |layer is interposed.
Exanpl e 11 Astdkdirdi.n Fig. 5, the nmagnetic recording nedium of the
present exanple conprises a magnetic disk fornmed by successively

| ami nating t he seedAsapepagentnderm bhertaple ok diifediat £%yer 4, magnetic

| ayer 5, protective |layer 8, 49 and.]ubricant, |.ayer 9.on th | ass
suﬁstrateplponmagneticylayer is an alioy con alnlﬁg at leas% %rgan% C,

preferably an alloy containing Cr, C and Mn, the content of
C is preferably in a range of 0.01 to 0.5 at%, and the
content of Mn is preferably in a range of 0.5 to 5 at%.

Additionally, a CrX (X: Mo, W, Ta, V, Ti) alloy
may be used instead of Cr. In this case, the content of X
is in a range of 5 to 30 at%. Moreover, in the above-
described examples, the nonmagnetic layer of the alloy
containing Cr and C is interposed between the magnetic
layers, but the nonmagnetic layer of the present invention
may be disposed under the substrate-side magnqtic layer.

Another magnetic recording medium will next be
described, in which between the nonmagnetic films
constituting the seed layer, the intermediate layer formed
of the material different from that of the nonmagnetic
layer is interposed.
Example 11

As shown in Fig. 5, the magnetic recording medium
of the present example comprises a magnetic disk formed by
successively laminating the seed layer 2, under layer 3,

intermediate layer 4, magnetic layer 5, protective layer 8,



The gl ass substrate 1 conprises the chemcally reinforced alumnosilicate
glass, and the surface is mrror-polished to provide a surface roughness
Rmax = 3.2 nm Ra = 0.3 nm The seed |layer 2 conprises two |ayers of alloy
film21 and alloy film23, and an internedi ate | ayer 22, disposed between
the alloy films, for interrupting the™ éPy§taI growm h of the alloy film 21,
the alloy film21 is an NA thin film(filmthickness of 300 angstrons),
the internediate layer 22 is a CGCWthin film (filmthickness of 30

angstrons), sa@d 14Beiabhey 1M 83ohstRe MNMs tdhigstidata 1(fi |l m thickness of
300 angstrons). Additionally, the NNAl thin filmconstituting the alloy
film21 or 23 is camstiglusedsabsaraoepdstomprt e itheofchdmicaQigt % Al @ 50
at% and the CWthin filmconstituting the internediate |ayer 22 is
consti t ut ed ratindfocorposilindnosalicaté §ras®H0 arat haNsukFaaedisThe under
layer is a M thin film(film thickness: 100 angstrons), and is di sposed
to enhance therogrpeflashetr bot previbde t heswefprs inouddyess Riag € Bb2t hin
filmis constituted at a conmposition ratio of C: 90 at% M: 10 at%

Mor eover, th&,i ReermPdBabB-layer 4 is a CoCr thin film (filmthickness: 30

angstrons), and is disposed to enhance the orientation of C.axis of the
magnetic |ayer. AddRE 6984 yaYERi € EFRPTEREH $HP Ma¥eLs wdnfddi®dtic film 50

with an HCP crystal SLr gy ue s @53t 00 of R S2di%eeMayer 22,
disposed between the alloy films, for interrupting the
crystal growth of the alloy film 21, the alloy film 21 is
an NiAl thin film (film thickness of 300 angstroms)}, the
intermediate layer 22 is a CrW thin film (film thickness of
30 angstroms), and the alloy film 23 is an NiAl thin film
(film thickness of 300 angstroms). Additionally, the NiAl
thin film constituting the alloy film 21 or 23 is
constituted at a composition ratio of Ni: 50 at%, Al: 50
at%, and the CrW thin film constituting the intermediate
layer 22 is constituted at a composition ratio of Cr: 90
at%, W: 10 ats.

The under layer is a CrMo thin film (film
thickness: 100 angstroms), and is disposed to enhance the
crystal structure of the magnetic layer. This CrMo thin
film is constituted at a composition ratio of Cr: 90 at%,
Mo: 10 at%.

Moreover, the intermediate layer 4 is a CoCr thin
film (film thickness: 30 angstroms), and is disposed to
enhance the orientation of C-axis of the magnetic layer.

Additionally, this CoCr thin film is a nonmagnetic film



35 at% The magnetic layer 5is a CoCrPtTa alloy thin film (film

t hi ckness: 240 angstrons), and the contents of Co, C, Pt, Ta are Co: 72.5
at% Cr: 16 at% Pt: 8 at% Ta: 3.5 at% The protective |layer 8 prevents
the magnetic |layer from being deterio;g&sd by contact with the nagnetic
head, and conprises a hydrocarbon fil'm’Wwi th a filmthickness of 100
angstrons. The lubricant |ayer 9 conprises a liquid |ubricant of

perfl uoropol yether, and this filmnoderates the contact wth the nagnetic

head. Additwonhl by, HCBectybtal hschunetasre it & argdibr efsCoA BBt hed, of .

manuf acturing the magnetic disk constituted as descri bed above will next
be described> atERkst, the mirror surface (Rmax = 3.2 nm Ra = 0.3 nm was
formed by precisely polishing the main surface of the glass substrate 1
chem cally reinforc@gebmagnﬂti@xbhﬁﬂgéi:BUbSéﬁﬂEﬁ&W@,aﬂheysthdnlﬁyEm 2,
under layer 3,  internediate |ayer 4, magnetic |layer 5, and protective
‘|ayer 8 wer éfd4BcERAFEREGS | of hR RREshuRmS)i,| medosheheontentssaff@ee of the
gl ass subst&ate % bﬁ the in-line sputtering. Subsequently, the protective
layer 8 was“Hr pFtredfed Gt fhe 1atqui FA:uB6 @&ke BE:pBrathorBabl Jebher to
formthe Igggicant | ayer 9 thereon, thereby obtaining the magnetic di sk.
51 For the“nmeasurenent results of coercive force, S/N

The protective layer 8 prevents the magnetic layer
from being deteriorated by contact with the magnetic head,
and comprises a hydrocarbon film with a film thickness of
100 angstroms.

The lubricant layer 9 comprises a liquid lubricant
of perfluoropolyether, and this film moderates the contact
with the magnetic head. Additionally, the film thickness
is 8 angstroms.

A method of manufacturing the magnetic disk
constituted as described above will next be described.

First, the mirror surface (Rmax = 3.2 nm, Ra = 0.3
nm) was formed by precisely polishing the main surface of
the glass substrate 1 chemically reinforced by ion
exchange. Subsequently, the seed layer 2, under layer 3,
intermediate layer 4, magnetic layer 5, and protective
layer 8 were successively formed as the films on the main
surface of the glass substrate 1 by the in-line sputtering.
Subsequently, the protective layer 8 was dip-treated with
the liquid lubricant of perfluoropolyether to form the
lubricant layer 9 thereon, thereby obtaining the magnetic

disk.



rati o, PWO0 of the obtained nmagnetic disk, the coercive force was 2800 Ce
and satisfactory, the SINratio was 29.43 dB, and PWO0 was 18. 78 nsec and
al so satisfactory. Moreover, the output signal attenuation was -0.05

dB/ decade at 100 kfci, 60C, and KuV[kE”ngicating the thermal fluctuation
properties was satisfactorily 110. Here,"wth respect to the thermnal

fluctuation resistance, the higher coercive force is preferable. Wen the
value of the S/IN ratio increases, the noises are preferably reduced, and
it is said that, foor edespleysieretdichfteresadtef ofibouerOide dorqe odiies a
difference in recording density of about 0.6 Gb/inch2. The snaller PWO
val ue i s prefErablBH5Gmt ithd ©btsdnddt magnatile f deslenceheofcabotitved. 6 nsec
produces a difference in recording density of about 0.8 Go/inch2. The
smal | er outfrrcsivwpml 281t dsuanidoratd sfreternbl Bhe ViEH xafelo wue DA KUV KT
i ncreases, the thermal fluctuation resistance is preferably enhanced.

Speci fi cal 198, tafd BIfQfe wast 1RuVAKkSES BRef 8taBl S29pSHACHRE®. Additional |y,
th ive f . SN ratio, PO, t] f out d ,_and
her mal | 11 HARERY G eIt Sl BYFEhRr LR aas ot (Y G4 ng

i T i i sed:
s 0 JEL e AR SHRCk,8 (LS GSSLLe LRECERERRS oo

cutting the sanpl e fromthe na ure . appl ying the
e o ST SR T R BPACREEL B D, e e, o e
vibrating respect to the thermal fluctuation resistance, the higher

coercive force is preferable. When the value of the S/N

ratio increases, the noises are preferably reduced, and it

is said that, for example, a difference of about 0.5 dB

produces a difference in recording density of about 0.6

Gb/inch?. The smaller PW50 value is preferable, and it is

said that a difference of about 0.6 nsec produces a

difference in recording density of about 0.8 Gb/inch®?. The

smaller output signal attenuation is preferable. When the

value of KueV/kT increases, the thermal fluctuation

resistance is preferably enhanced. Specifically, the value

of KueV/kT is preferably 90 or more.

Additionally, the coercive force, S/N ratio, PW50,
properties of output decay, and thermal fluctuation
properties (KueV/kT) were measured by the following
measuring methods.

The measurement of the coercive force comprised:
cutting the 8 mm¢ sample from the manufactured magnetic
disk; applying the magnetic field toward the film surface;

and performing measurement at the maximum external applied



magnetoneter. The S/N ratio was obtai ned by neasuring the recording
readback output as follows. The neasurenent conprised: using the

magnet oresi stive head (MR head) with a nagnetic head flying hei ght of
0.025 m setting the relative rate of e MR head and the magnetic disk to
10 nisec; and neasuring the recording adback output in a |Iinear
recordi ng density of 346 kfcl (the linear recording density of 346000 bits
per inch). Moreover, the noise spectrumduring signal recording

regener at i omgyast ineakiglel ofHyl 0t hkeespgcthensamply zetbintiseiting the carrier
frequency to 67.6 MHz, and the neasurenment band to 76.3 MHz. The MR head
used in thenagasiomestert. had a track width of 1.2/0.9 gm and a nagnetic
head gap length of 0.27/0.15 mon the wite/read side. The PWO0 was
measured by: extrackhadAheatsisl aaed obteddbdckyshgasiring ithee read/ wite
tester (GQUZIK) provided wth the MR head for the PWO0 measurenent; and
measuri ng X9RORMAIRh wadasek sotpnsdagafel 56 n BovoFasensedk val ue  of
the output signal to the ground (0) as PWh0. K Additionally, for the high
recordi ng dSTRTABeGhaERY (t8e MpgBstrEepigETanterd THIK }%/esadded"a}ﬁé”e 3or e

Ndth. O CRETHGS et S IHEY PRECPREBT, O T2 gt (e T8 ddeht pul ses
(3ol =) LSS o SSR e REte B0t D SHAGHo BPRELA L 20 00
Thi's m/sec; and measuring the recording readback output in a
linear recording density of 346 kfcl (the linear recording
density of 346000 bits per inch). Moreover, the noise
spectrum during signal recording regeneration was measured
by the spectrum analyzer by setting the carrier frequency
to 67.6 MHz, and the measurement band to 76.3 MHz. The MR
head used in the measurement had a track width of 1.2/0.9
pm, and a magnetic head gap length of 0.27/0.15 um on the
write/read side.

The PW50 was measured by: extracting the isolated
readback signal with the read/write tester (GUZIK) provided
with the MR head for the PW50 measurement; and measuring
the width of the isoclated waveform in 50% of the peak value
of the output signal to the ground (0) as PW50.
Additionally, for the high recording density, the smaller
PW50 is preferable. This is because more pulses (signals)
can be written on the same area with the narrow pulse
width. On the other hand, when the PW50 is large, the
adjacent pulses (signals} interfere with each other, and

the error appears during reading of the signal. This



necessitates the setting of PW0O to 19.2 nsec or |less. The neasurenent of
the properties of output decay was perfornmed as follows. In order to
accurately evaluate only the signal attenuation by the thermal fluctuation
of the magnetic recording nediun1mjthog§ being influenced by a thermal off
track (a phenonmenon in which the magneti”c head deviates fromthe track on
the magnetic recordi ng nedium by the thermal expansion of a head
suspensi on, thereby causing signal attenuation), the MR head conpri sing

t he read/ w wawefermmintevfiosenoei detdribmkatddtthd rivoirceate . NOTRiEI Mes as

| arge as the read track width is prepared, and placed in the head/disc
mechani sm seecessitatehetbgssentingetheBWM tho 1the megredvirc ldbsk as the
obt ai ned magnetic recording medium Subsequently, the head/ di sk nechani sm
section is project @det peasusanenbnointlae propertniashiodh catpatpdeatyre can
be controll ed, and exposed to a high-tenperature environnment. Wen the

i nsi de of tH@SeRerEsHment ap ?@hkov§ stablllzed at a preset tenperature,
by feeding a wite wite element froma read/wite

circuit section, thénsgﬁaﬁF rs ﬁF???@ﬁF % ??ﬁ;qﬁﬁﬁHQﬁLy tesRi98absequent |y,
e, e B e bk e Al Al DRTTRY sl hosRe ﬁﬁt?ﬁe
E et R R R
the read 5'QEQEkaRaapﬁgﬂéﬁéﬂ$ntiﬁm%hlch the magnetic head deviates
from the track on the magnetic recording medium by the
thermal expansion of a head suspension, thereby causing
signal attenuation), the MR head comprising the read/write
element whose write track width is twice or more times as
large as the read track width is prepared, and placed in
the head/disc mechanism section in the system together with
the magnetic disk as the obtained magnetic recording
medium. Subsequently, the head/disk mechanism section is
projected to an environmental tank in which a temperature
can be controlled, and exposed to a high-temperature
environment. When the inside of the envirommental tank is
stabilized at a preset temperature, by feeding a write
signal to an MR head write element from a read/write
circuilt section, the signal is written to the magnetic
disk. Subsequently, immediately after the signal is
written, the signal written to the magnetic disk is read
via an MR head read element, amplified in the read/write
circuit section, and then measured in a signal evaluating

section. The signal evaluating section records the



interval. The signal evaluating section perforns neasurenent, for exanple,
by using the spectrum anal yzer. For the neasurenent conditions, the
tenperature of the environnmental tank is 60C, and the recording density

of the signal witten to the magnetic disk is 100 KFl ux/inch. Moreover,
the head used in the measurenent is an®f#R head which has a wite track
wdth of 12.0 pm aread track wwdth of 2.4 m a wite gap length of 0.35
pm a read gap length of 0.30 pm and a read/wite elenment part float-up

anount of 2@mpmitibeeo¥ene bhethberdmd digiciuald en Pherahti esmuer e
nmeasured as follows. The activated nagnetic nonent (vlsb) as the product

of the activatearalol ulhe(ylgnal énel st in@tdemt iomgeettiozaki on (Isb) of the
magneti zation reversal mnimum unit was cal cul ated by the fluctuation
field (H ) obhaumedenby ¥Wartexgmdler hpr oceissy the tspectaiu agaliyperpr ocess,
measurenent is perforned as follows. In the residual magnetization curve
measurenment, Hr(t) Fornshsumedsbyensul ceswdalonahdig igmpeeatarei ng ti me
of the magnetic field. The nmeasurement conprises: placing the cut 48 mm
sanpl e ont otPRe®BYABPBOSRERLI tay kel SrekfhEr oABHeERE VERFOBHNT R SAtHY a
sufficiently Iar%e osiiive,nagnetic field to, the sanple; applying a mcro
negative mafhetPe PLEPalHITibteR VRS MBGREGHG i9dski éBd10Reasuring the
resi dual eti.zatjon g1' and _agai n .appl yi ng, t.he positive nmagnetic 55
ol 6 hopl BRRG EBthon ot eSPs el Shg ERL KMy 4 (e pbadt-BRANE! LS

an MR head which has a write track width of 12.0 um, a read

track width of 2.4 um, a write gap length of 0.35 um, a

read gap length of 0.30 um, and a read/write element part

float-up amount of 20 nm.

Moreover, the thermal fluctuation properties were
measured as follows.
The activated magnetic moment (vIsb) as the

product of the activation volume (v) and the saturation

magnetization (Isb) of the magnetization reversal minimum

unit was calculated by the fluctuation field (Hf) obtained

by Waiting Time process. In the Waiting Time process,

measurement 1s performed as follows. In the residual

magnetization curve measurement, Hr(t) is measured by

successively changing the waiting time of the magnetic

field. The measurement comprises: placing the cut ¢8 mm

sample onto the sample signal type magnetometer (VSM) and

applying a sufficiently large positive magnetic field to

the sample; applying a micro negative magnetic field H1 to

remove the magnetic field; measuring the residual

magnetization M1l; and again applying the positive magnetic



remove the magnetic field, and subsequently nmeasuring the residual

magneti zation M2. The simlar operation is repeated until M reaches the
resi dual nmagnetization M. The obtained (H, M) is plotted to obtain the
resi dual nmagnetization curve. The val of magnetic field Hin M= 0 is
defined as H (remanence coercive forcé). Subsequently, the sufficiently

| arge positive magnetic field is applied to the sanple, the negative
magnetic field HL is applied for a waiting tinme of 15 seconds, the
magneti c fifdledd,s apgpdlyingmbhedmagndtibefiekdiiialampgnatharatilotoML( 15) i s
measured. Furthernore, the positive magnetic field is applied to the
sanpl e, t heemesgattihee maggestice fipétid #adi suappiied omeEsugdagndde t he
magnetic field is then renoved, and the residual magnetization M2(15) is
measur ed. RS isbady MaggesAEREEPENM2} 5 T%@e%%vdlamtqpenat(lpsr) igqual s t he
resi dual magnetization, K M. The obtained (H (15) jis plotted to obtain
t he reS|dG§Peﬁ§§ﬁePPféﬁlgﬁ EGPQBeFOFh?h%e%%§Q§¥uF%qqﬁ§%ﬂa?E?n Y&conds. The

H value in defi

For a vl {15 BT (8leclohds %o@a%%nﬁém%%%%“% 2Jeconds. |
20 Secondse 440 seconds (38 Nuneg) e She et . i 15
obt ai ned. \Whan 'fin?@(%% S ngﬁ%ﬁgﬂ ¥ﬁ ékf&fﬁf é%gaa time logarithm (In

t), Hr(t) linear ecreases er ma tion field H is

obiained 56 by theslduaalkngy GHE( LLEEELDoh1y Fromdtpabiained i n

magnetic field is applied to the sample, the negative
magnetic field H1l is applied for a waiting time of 15
seconds, the magnetic field is then removed, and the
residual magnetization M1{(15) is measured. Furthermore,
the positive magnetic field is applied to the sample, the
negative magnetic field H2 is applied for 15 seconds, the
magnetic field is then removed, and the residual
magnetization M2(15) is measured. The measuring operation
is repeated until Mi(15) equals the residual magnetization
Mr. The obtained (Hi, Mi) (15) is plotted to obtain the
residual magnetization curve for the waiting time of 15
seconds. The H value in M = 0 is defined as Hr(l5).

The similar operation is repeated for a waiting
time of 15 seconds, 30 seconds, 60 seconds, 120 seconds,
240 seconds, 480 seconds (8 minutes), and the magnetic
field Hr(15), Hr(30), Hr(60), Hr(120), Hr{240), Hr(480) in
each waiting time is obtained. When this Hr({t}) is plotted
with respect to a time logarithm (ln t), Hr(t) linearly

decreases, and the thermal fluctuation field Hf is obtained



this manner, visb is calculated by the follow ng equation. visb = kT/Hf
Here, k denotes Boltznmann's constant (1.38 x 10-16 erg/k), and T denotes
an absolute tenperature (K) being nmeasured. The activation volunme v is
used as the volune of the mninmumunit_of the magnetization reversal of
the nmagnetic |layer, and vlsb obtained mul tiplying the volume by the
saturation nmagnetization (lIsb) is the magnetic nonent anount of the

m ni mum unit of the nagnetization reversal. Mreover, in the calculation
of VvKu/ kT, by ak Kihclieedibn bErmeagaled, tput e aif Shcaieleat ijan of Ku
(Hkl'sb)/2, and the follow ng equation is calculated by further assum ng
Hco = Hk/ 2.thikeu manvidd, slwIzb=1igl shbkiPated|lsp’ tHod HelllywikicOcdpradaties .coer ci ve
force He before the <coercive force He is deteriorated by the thernmal
fluctuation, and i svIder<cikie’Hforce He which can be obtained in a
measurenent tine of | Or9sec. Moreover, Hk denotes an anlsotroplclyagnetlc

field owned by the Hf%f/ mﬁnd@@iotte@f BOh&E ZnaRphet FORETARE r bt al 10and vl sb

denotes an act vati on netic nmoment._Since HcO as the coercive force He
before the© 9@WI6¥¥&I(§§ teSePRi FBSPLRER RT3 HE S HePmd® 170 uct uat i on
cannot substantial]y be neasured, Sherlock's 57 equation is used to

cal cul ate PR3 ‘He and vlsb. The

The activation volume v is used as the volume of
the minimum unit of the magnetization reversal of the
magnetic layer, and vIsb obtained by multiplying the volume
by the saturation magnetization (Isb) is the magnetic
moment amount of the minimum unit of the magnetization
reversal.

Moreover, in the calculation of veKu/kT, v and Ku
need to be measured, but there is a relation of Ku =
(HkeIsb) /2, and the following equation is calculated by
further assuming Hco = Hk/2.

veku = VeHkeIsh/2 = vIsbeHk/2 = vIsbeHcO

Here, HcO denotes coercive force Hc before the
coercive force He is deteriorated by the thermal
fluctuation, and is coercive force Hc which can be obtained
in a measurement time of 10™®sec. Moreover, Hk denotes an
anisotropic magnetic field owned by the minimum unit of the
magnetization reversal, and vIsb denotes an activation
magnetic moment.

Since HcO as the coercive force Hc before the
deterioration of coercive force Hc by the thermal

fluctuation cannot substantially be measured, Sherlock’s



Sherl ock's Law is an approxi mate equati on dependent on the neasurenent
time of He obtained as a result of mcro magnetic sinulation, and is
represented as follows. Hc/HcO = 1-{(kT/vKu)l n(fOt)~"0.735} Moreover, when
t he above-described assunption of HcO = Hk/2 is taken, the equation is
modi fied as follows. Hc/HCO = 1-{(kT/ VI SBHCO) | n(f 09t)~0. 735} Here, K
denotes Boltzmann's constant (1.38 x 10-16 erg/k), T denotes the

measur enent absol ute tenperature, fO denotes a vibration (fluctuation)
factor (10”@kmptibndesotiesdato neaball BENtHE0 Mrcdb®R see) v18pd vieb denotes

an activation magnetic nonent (enu). Since the values other than HcO are
known i n t héheabovk’ eqlawi bs, aticipmark wen tabteajuzed ohy dpeehaentngnnyneri c
anal ysi s/ cal cul ation of HcO Additionally, in the follow ng exanples and
conpar at i vemeranpesentt hame oef ciiveobtmmiced SN ar atiso,l tPYEOmicoat put si gnal
attenuation, and thermal fluctuation properties were neasured based on the
above- descr PBEBctifasimihgt ke hodrd iChrfsanasops elxaspifellowFhe nagnetic
di sk was forned in imlar nper as Exanple 11 except that the seed
| ayer 2 of Exanple Re 7GR 6%@@?1?&'@)&1%0&%%?3%% NiAl thin filmwith
a film thigkness of 600 angstrons (Ni: 50 at% Al: 50ato%. Wien th
coerci ve fp&gg?ogffkrﬁ.?%,QQWEEPOY?EAgﬁﬁﬁﬁﬁéai@ﬁfu taGPph H@Qa?,HRz%UkT'of
the nagnetlgsdtgﬁen’ the equation is modified as follows.
Hc/HcO = 1-{ (kT/vIsbeHcO)1ln (fQet)~0.735}
Here, k denotes Boltzmann’s constant (1.38 x 107 erg/k), T
denotes the measurement absolute temperature, f0 denotes a
vibration (fluctuation) factor (1079Hz), t denotes a
measurement time (600 sec), and vIsb denotes an activation
magnetic moment (emu).
Since the values other than HcO0 are known in the
above equation, Hc0 can be obtained by performing numeric
analysis/calculation of HcO.
Additionally, in the following examples and
comparative examples, the coercive force, S/N ratio, PW50,
output signal attenuation, and thermal fluctuation
properties were measured based on the above-described

measuring methods.

Comparative Example 11

The magnetic disk was formed in a similar manner
as Example 11 except that the seed layer 2 of Example 11
was formed as a single layer of NiAl thin film with a film
thickness of 600 angstroms (Ni: 50 at%, Al: 50at$%).

When the coercive force, S/N ratio, PW50,



were neasured, the coercive force was 2800 OCe, the S/IN ratio was 29.63 dB,
PW0 was 19.4 nsec, and a satisfactory result was not obtained for the
PWs0 val ue. Here, usually to raise the coercive force, a certain degree of
thick wunder layer is necessary. However, when the filmthickness of the
under |ayer increases, the crystal péTﬁ#%re di aneter of the magnetic |ayer
i ncreases, and PW0O and S/Nratio are deteriorated. \Wien the seed | ayer 2
of Exanple 11 is used, a desired coercive force can be obtained while

mai nt ai ni ngrdgea-tI¥E0 ocdndusplitr akbay, Muepuar oft htemaagakite cdiskkof
Conparative Exanple 11 indicated a high value of error rate as conpared

w th Exanmplexel heaswrickier mhee cobbeiodt potcsiwnal 2600 exyjatdhen swas - 0. 07

dB/ decade under the neasurenent conditions of 100 Kfci and 60C, and KuV/ kT
i ndi cati ng nate.ct hesnilS. 68| dt uWbOnwas op2r 4 i mseaasaDG aad idfeertioayat ed as
conpared wth Exanple 11. Exanple 12 and Conparative Exanple 12 The
magnet i ¢ dirsiedihie wasf oofedbitainpd §oni the PWEhmalus i da@eanpisaiallyand
Conpar ative Exanple 11 except that the filmthickness of the magnetic

| ayer 5 intxawdise the geercinpafarroe Exeepiain degreecivdnhdddcko 180
angstroms or_|ess. Wen the coercive force, S/Nratio, PWO0, properties
of output FEEEF 1&YETKdSvPRFESParKe nBgHRTEE Wﬁ%ﬂ(Rﬂﬁw?%%ﬂhé%#%%&?eﬁﬁe

Fol Iowi ng Q%?%%&?ﬁg%%% 3%%%Enggbrggsésjagég g&ystal particle diameter

of the magnetic layer increases, and PW50 and S/N ratio are
deteriorated. When the seed layer 2 of Example 11 is used,
a desired coercive force can be obtained while maintaining
the PW50 and S/N ratio.

Moreover, the magnetic disk of Comparative Example
11 indicated a high wvalue of error rate as compared with
Example 11. Furthermore, the output signal attenuation was
-0.07 dB/decade under the measurement conditions of 100
Kfci and 60°C, and KueV/kT indicating the thermal
fluctuation properties was 100 and deteriorated as compared
with Example 11.

Example 12 and Comparative Example 12

The magnetic disks were formed in the similar
manner as in Example 11 and Comparative Example 11 except
that the film thickness of the magnetic layer 5 in Example
11 and Comparative Example 11 was changed to 180 angstroms
or less.

When the coercive force, S/N ratio, PW50,
properties of output decay, and Kuev/kT of the magnetic

disk were measured, the following results were obtained.



Coercive S/N PWO Signal

(Ce) (dB)

Conparative 2450 30.5 18.4 -0.077 80 Exanple 12 As shown in Table 3,

i nfluence
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Comparative 2450 30.5 18.4 -0.077 80

Example 12

As shown in Table 3, the influence of the thermal
fluctuation becomes remarkable as the film thickness of the
magnetic layer decreases, and a difference of the output
signal attenuation (-dB/decade) increases between Example
12 in which the divided seed layer 2 of Example 11 is used
and Comparative Example 12 in which the single~layer seed
layer of Comparative Example 11 1s used.

As shown in Fig. 6, when the film thickness t of

the magnetic layer (Mr denotes the residual magnetization)

(Mrt around 0.5 to 0.6) (in Example 11 and Comparative
Example 11}, the output signal attenuation (-dB/decade) has
little difference by the difference of the seed layer.

However, when the film thickness of the magnetic layer

decreases (Mrt around 0.4 to 0.3}, the difference of the
output signal attenuation (-dB/decade) increases between

the case in which the divided seed layer is used (curve A)
and the case in which the single seed layer is used {curve
B}, and the influence of thermal fluctuation becomes

remarkable,



magnetic particles, the value of Kuv/KkT is reduced, but in the present
invention the particle dianmeter distribution of

narrow and there is little nunber of excessively fine particles
susceptible to the influence of thermal fluctuation. Therefore, even when

the magnetic
reduced,

particles are finely divi 8d; the val ue of Ku.v/kT is not
and the thermal fluctuation resistance is satisfactory. Exanple

the magnetic particles is

13 The magnetic disk was fornmed in the simlar manner as Exanple 11 except

that the magnetic | apyeecheef ExauPie idltwasrfmy ned iefiod bifr shemagnetic

| ayer 51, a separating |ayer 52, and a second magnetic |layer 53 and the

protective mhagyeri8 wastiolewd ohe avdiustoPKueegklves!| ayaucdd, Bwd tn

second protective layer 82. Additionally,
51 a&hd Db3earatf dnvwedtbddnttiee gt indtce rdimmete ra dfsCrPbliaionl boy,

| ayers

both have a filmthickness of 120 angstrons.

the first and second nagnetic

and

For the contents of Co, Cr,

Pt, Ta of thbenagpseiic| pgetricles his friamtowmgnktihereayer 1éohpei sesb€n: 72.5

at %

Cr:

16 at% Pt: 8 at% Ta: 3.5 at% and the second nagnetic |ayer

conpri ses Cof Bxcgegdvely f8natpgripicles guscepiibleatdyn ther epféneneae

separating |layer 52 interposed, between the first

second magn€ti Eherwgér LEactuabien mnARHSEIEY meeny ek Ekredagngbic

angstrons) of

0795’ ab% CARLCD. B0 atspCEY B itengere vl

Cr:

terial t he Ggo Q i LQQ/ET FNE:
reduced, and the thermal fluctuation resistance is
satisfactory.
Example 13

The magnetic disk was formed in the similar manner
as Example 11 except that the magnetic layer 5 of Example
11 was formed of a first magnetic layer 51, a separating
layer 52, and a second magnetic layer 53 and the protective
layer 8 was formed of a first protective layer 81, and a
second protective layer 82.

Additionally, the first and second magnetic layers
51 and 53 are formed of the same material of a CoCrPtTa
alloy, and both have a film thickness of 120 angstroms.
For the contents of Co, Cr, Pt, Ta of the magnetic layers,
the first magnetic layer comprises Co: 72.5 at%, Cr: 16
at%, Pt: 8 at%, Ta: 3.5 at%, and the second magnetic layer
comprises Co: 71 at%, Cr: 18 at%, Pt: 8 at%, Ta: 3 at%.

Moreover, the separating layer 52 interposed
between the first magnetic layer 51 and the second magnetic
layer 53 is a CrMnC thin film (film thickness: 30

angstroms} of a nonmagnetic material, and the composition

61 ratiois

magnetic | ayer 51 and the



Furthernore, the first protective layer 81 conprises a & filmwth a film
t hi ckness of 50 angstrons, and plays a role of a chemcal protective film
for preventing the magnetic properties of the magnetic layer from being
deteriorated by oxidation. The second protective layer 82 is a hydrocarbon
filmwith a film thickness of 100 angs@ﬁoﬁs. When the coercive force, SIN
rati o, PWb0O, properties of output decay, Ku.v/kT of the nmagnetic disk

were neasured, the coercive force was 2580 Oe, the S/IN ratio was 30.7 dB
PW0 was 19rktiseds amd 9atpsfacspryn: resu taaere ohiosi aed., Moreover, the
out put signal attenuation was -0.08 dB/ decade at 100 Kfci, 60C, and the
Kuv/ kT indicating theurthermelref| bbeufitrsn propsetivws waser @llso satisfactory
at 90. Additionally, since the magnetic Ilayer 5 is divided and the
particle di &eBpP&ises eher Faghevithparfil ¢hishreduscod 50 Bxgaplemi3, the
influence of thermal fluctuation is easily exerted as conpared with the
magneti c r e@8fdPAgYfedi GM-6f oExanphenical eugiaddtivee fiblanmgbe 13 The
magnetic disk was formed in the simlar manner as Exanple 13 except that
the seed | afEFVENEENEx R BagnetjpPIRed et of Shsgregnafée RRARXthin film
(Ni: 50 at%._ Al: 50 at%9 with a filmthickness of 600 angstrons. Wen the
coercive fo%68? g?ﬁpgagé%?rﬁﬂﬁﬁFeéFﬁ¥uﬁﬁ%é§£¥Qﬂ“ odtSute§eBdy, Kuv/ kT of the

magnetic di 3K+ 82¢ 18" 8. 0BRSS oy I NG, FOSLSIYS f190Ge 4eR 2580, 85 the SIN
thickness of 100 angstroms.

When the coercive force, S/N ratio, PW50,
properties of output decay, Kuev/kT of the magnetic disk
were measured, the coercive force was 2580 Oe, the S/N
ratio was 30.7 dB, PW50 was 19.1 nsec, and satisfactory
results were obtained. Moreover, the output signal
attenuation was -0.08 dB/decade at 100 Kfci, 60°C, and the
Kuev/kT indicating the thermal fluctuation properties was
also satisfactory at 90. Additionally, since the magnetic
layer 5 is divided and the particle diameter of the
magnetic particle is reduced in Example 13, the influence
of thermal fluctuation is easily exerted as compared with
the magnetic recording medium of Example 11.

Comparative Example 13

The magnetic disk was formed in the similar manner
as Example 13 except that the seed layer 2 of Example 13
was formed of a single-layer NiAl thin film (Ni: 50 at%,
Al: 50 at%) with a film thickness of 600 angstroms.

When the coercive force, S/N ratio, PW50,

properties of output decay, Kuev/kT of the magnetic disk



ratio was 30.6 dB, PW0 was 19.6 nsec, the output signal attenuation was
-0.10 dB/ decade, and Kuv/ kT was 80. Exanples 14 to 17, Conparative
Exanpl es 14 and 15 The magnetic disks were forned in the simlar nanner as
Exanpl e 11 except that the filmthickness of the alloy filns 21, 23
constituting the seed | ayer 2 of Exanpl 11 was changed to 90 angstrons
(Conparative Exanple 14), 100 angstrons (Exanple 14), 250 angstrons
(Exanmpl e 15), 450 angstrons (Exanple 16), 550 angstronms (Exanple 17), and
- 600 angst e Mamadal,i thebExarpbévéSiordbevavarsiyvedd ot s/ A N ratio,
PWs0, properties of output decay, Kuv/kT of the magnetic disks were as
foll ows. Taldteol wzaciBOL@& alB,Caens0 SAb PYEO Ssgnal tideatutditd mifgnah f orce
ratio (nsec) atten. fluctu. thick. thick. (CGe) (dB) dB/ proper. (A (A
decade Kuv/dtemuation ogs200 .2936BZdegads, 7and. KBy /KI5 wagx 8015 250 500 2800
29.44 18.77 0 050 110 Ex. 16 450 900 3567 29.45 18.2 -0.048 113 Ex. 17
550 1100 1 ; P 20 7 19.1 -0.080 85
Ex. 14 Conpar. 15, As shown in Table

"600 1200 3502 28, 6'17 9 0. 046{115 Ex.
4, the film thickndh€ FFH 163 digksoyerpl frreed 3 Eemsti®ihang the seed

| ayer 2 is

manner as Example 11 except that the film thickness of the
alloy films 21, 23 constituting the seed layer 2 of Example
11 was changed to 90 angstroms (Comparative Example 14),
100 angstroms (Example 14), 250 angstroms (Example 15), 450
angstroms (Example 16}, 550 angstroms (Example 17), and 600

angstroms (Comparative Example 15). The coercive force,

S/N ratio, PW50, properties of output decay, Kuev/kT of the

magnetic disks were as follows.

Table 4

Each Total |Coer. |[S/N PW50 Signal |Heat

film film force |[ratio | (nsec) [atten. | fluctu.

thick. | thick. | (Oe} (dB) dB/ proper.

(A) (A) decade |[Kuev/kT
Ex. 14 100 200 2536 [29.3 |18.7 -0.055 105
Ex. 15 250 500 2800 |29.44/[18.77 | -0.050 110
Ex. 16 450 900 3567 }[29.45]18.2 -0.048 113
Ex. 17 550 1100 3542 |28.9 {18.0 -0.045 115
Compar. 90 180 2214 128.7 |19.1 -0.080 85
Ex. 14
Compar. 600 1200 3502 }28.6 [17.9 -0.046 115
Ex. 15

As shown in Table 4,

the film thickness of the




preferably in a range of 100 to 550 angstrons in view of the coercive
force, SINratio (noise), PWO0 magnetic properties, properties of output
decay, and thermal fluctuation properties (Kuv/kT). Exanples 18 to 20,
Conpar ati ve Exanples 16 and 17 The magnetic di sks were forned in the
simlar manner as Exanple 11 except tHal the intermediate layer 22 in
Exanple 11 was &M (M: 10 at%, and the filmthickness of this
intermediate | ayer 22 was changed to 4 angstrons (Conparative Exanple 16),
S angstronmg (fxanilensl®)l, Y3 nesitarsngEXREPsEed NaydPd ANngst rons (Exanpl e
20), and 60 angstrons (Conparative Exanple 17). The coercive force, S/'N
rati o, PWhrgfondslyt e of raouepult déCayo BbY/ kidgefrddie imgnedd ofdi sks were
as follows. Table 5 Film Coer. S/N PWO0 Signal Heat thickness force ratio
(nsec) atterthm.cddnmitve fommgsts/dimratio) éhofdB), dBISIR ceatmairiaper . Kuv/ kT
Ex. 18 5 2750 29.23 19.08 -0.055 105 Ex. 19 15 2800 29.43 18.78 -0.050 110
Ex. 20 50 285fpe2%Liz«]8 mBrop@ridesids oGbpphrdedaps0n@&eerd®138 - 0. 060 100

Ex. 16 Conpar. 60 2880 28.8 18.6 -0.045 118 - 64 - Ex. 17
fluctuation properties (Kuev/KT).

Examples 18 to 20, Comparative Examples 16 and 17

The magnetic disks were formed in the similar
manner as Example 11 except that the intermediate layer 22
in Example 11 was CrMo (Mo: 10 at%), and the film thickness
of this intermediate layer 22 was changed to 4 angstroms
{Comparative Example 16}, 5 angstroms (Example 18), 15
angstroms (Example 19), 50 angstroms (Example 20), and 60
angstroms (Comparative Example 17).

The coercive force, S/N ratio, PW50, properties of

output decay, Kuev/kT of the magnetic disks were as

follows.
Table 5

Film Coer. [ S/N PW50 Signal Heat

thickness force | ratio | (nsec) |attenua. fluctu.

(angstrom) | (Oe) (dB) dB/decade | proper.

Kuev/kT

Ex. 18 5 2750 {29.23 119.08 -0.055 105
Ex. 19 15 2800 ]29.43[18.78 -0.050 110
Ex. 20 50 2850 [29.2 |18.6 -0.045 115
Compar. 4 2700 {28.8 [19.38 ~-0.060 100
Ex. 16
Compar. 60 2880 {28.8 |18.6 -0.045 118




As shown in Table 5, the filmthickness of the internediate |ayer 22 is
preferably in a range of 5 to 50 angstrons in view of the coercive force,
S/N ratio, PWO0, properties of output decay, and thermal fluctuation
properties (Ku.v/kT). Additionally, the internediate |ayer 22 (CW(W 10
at%) in Exanple 11 was al so subjected £8 the sinilar experinment, and the
coercive force, SINratio, and PWO0 indicated satisfactory values in the
range of 5[to0~50 gStTons. The at toy was gi fferenty fTom tne MO aftqy in
that the vagyesiwerge constant, [the coprcive|force: 24820 Qe, npoise: 29.[3
dB, PW0: I8 6 nsec in the range of 5 0 50 angstrons. This 1S supposedly
because the CrWall ag kho@n fBtBaHEE PO oiyist ahidkewsl propaeties are
not easily changed with respect to the filmthickness change with the
seed | ayer asteompdietewiipentderipmdfiansbisudn asrénlyp odl boyo 50
Specifically, there is little dispersion in the magnetic properties and

t he product engsyrbmssinblibew &Karpt eoQive Z®rtiee SdYnettdodi BREOwer e
formed in the simlar manner as Exanple 11 except that the filmmateri al
of the allpyoperhbeglofo2guepustdecayngnhaheasall pactrastonhe exanpl e
was changed to N Al Ru %Ni: 45 at% Al: 50 at% Ru: 5 at% (Exanple 21),
OTi (C: sprapegties SBUHAST)-Exanple 22), O'Ni (Cr: 60 at% Ni: 40 at %
(Exanmpl e 23), FeAl (Fe:; .50 at% Al: 50 at% _(Exanple 2@)2 Ni AW (Ni: 50
at% Al : 45 - 65 at dldirisngisy, (Bxaniteregdiafsy IRvAANE2( NEXTW58Wat o Al :
45

10 at%)) in Example 11 was also subjected to the similar
experiment, and the coercive force, S/N ratio, and PW50
indicated satisfactory values in the range of 5 to 50
angstroms. The alloy was different from the CrMo alloy in
that the values were constant, the coercive force: 2820 Oe,
noise: 29.3 dB, PW50: 18.6 nsec in the range of 5 to 50
angstroms. This is supposedly because the CrW alloy is a
material whose crystal growth properties are not easily
changed with respect to the film thickness change with the
seed layer as compared with other Cr alloys such as CrMo
alloy. Specifically, there is little dispersion in the
magnetic properties and the productivity is stable.

Examples 21 to 26

The magnetic disks were formed in the similar
manner as Example 11 except that the film material of the
alloy films 21, 23 constituting the seed layer 2 of the
example was changed to NiAlRu (Ni: 45 at%, Al: 50 at%, Ru:
5 at%) (Example 21), CrTi (Cr: 80 at%, Ti: 20 at%) (Example
22), CrNi {Cr: 60 at%, Ni: 40 at$%) (Example 23), FeAl (Fe:

50 at%, Al: 50 at%) (Example 24), NiAlW (Ni: 50 at%, Al: 45



at% Nd: 5 at% (Exanple 26). The coercive force, S/Nratio, PWO,
properties of output decay, and Ku.v/kT of the magnetic di sks were as
follows. Table 6 Film Coercive SIN PW0 Signal Heat material force ratio
(nsec) attenua. fluctu. (0Oe) (dB) dB/decad proper. e Kuv/ kT Ex. 21

Ni Al Ru 2850 29.2 18.97 -0.050 110 EX. “CrTi 2700 29.7 18.8 -0.055 105
Ex. 23 N 3300 29.2 18.5 -0.050 112 Ex. 24 FeAl 2600 28.8 19.0 -0.050
110 Ex. 25 NiAIW3200 29.0 19.1 -0.060 103 Ex. 26 Ni AINd 3100 29.2 19.2
-0. 062 100 oAz, shawb iat2fablExatiplet 265, sapd NIWINY ofNi:he&( idts, mdt:edibal s of
the alloy filnms 21, 23, NAIRu, CTi, &N are particularly preferable
anong t he ret%er iNal:s Ssladd) i(BxBablle 26)in view of the coercive force, noise,
PWs0 magnetic properties, properties of output decay, and thernal
fluctuation proper tThes qaangive) foEcanpbél 23tio, 2BWh0 tpropsntiiesr afanner as
Exanpl e 11, 100 pieces of each ?qgnetic di sk were forned except that the
film nateQUEPW dasevirntemByYrEf BT | o drho magpebisndileke1 “RE8 @8hanged to
CM (Cr: 90 at% M: 10 at% (Exanple 27), &V - 66 (Cr: 80 at% V. 20
at% (Exani%18898- and OrTa (Cr: 95 at %

Table 6
Film Coercive |S/N PW50 Signal Heat
material [ force ratio | (nsec) [attenua. | fluctu.
(Oe) (dB) dB/decad |proper.
e Kuev/kT
Ex. 21 |[NiAlRu 2850 29.2 118.97 [-0.050 110
Ex, 22 }CrTi 2700 29.7 118.8 -0.055 105
Ex. 23 |CrNi 3300 29.2 ]18.5 -0.050 112
Ex, 24 FeAl 2600 28.8 ]19.0 -0.050 110
Ex. 25 |NiAlW 3200 29.0 [19.1 -0.060 103
Ex. 26 |NiAlNd 3100 29.2 119.2 -0.062 100

As shown in Table 6, it is seen that for the film
materials of the alloy films 21, 23, NiAlRu, CrTi, CrNi are
particularly preferable among the materials shown in Table
6 in view of the coercive force, noise, PW50 magnetic
properties, properties of output decay, and thermal
fluctuation properties (Kuev/kT).

Examples 27 to 29

In the similar manner as Example 11, 100 pieces of
each magnetic disk were formed except that the film
material of the intermediate layer 22 in Example 11 was

changed to CrMo (Cr: 90 at%, Mo: 10 at%) {Example 27), CrV



Ta: 5 at% (Exanple 29). The coercive force, S/Nratio, PWO0, properties of
out put decay, and Kuv/ kT of the nmagnetic disks were as follows. Table 7
Film Coercive SIN PW0O Signal Heat Mate. force ratio (nsec) attenua.
fluctu. (0Oe) (dB) dB/ decade proper. Kuv/ kT Ex.27 CM 2750 to 29.1 to
18.4 to -0.040 to 100 to 2850 29.5 19.2%.0.055 115 Ex.28 OV 2750 to 29.2
to 18.4 to -0.040 to 100 to 2850 29.8 19.2 -0.055 115 Ex.29 CrTa 2700 to
28.5 t0 18.8 to -0.040 to 100 to 2870 29.3 19.4 -0.060 120 Ex.Il Crw2780
10 29.2 to %8r4 80 203049:t 201863} o(E2EHL L2 ,18n8 €RTA5F3CEIS9BSagBPWN in
Table 7, when the filmmaterial of the internmediate layer 22 is W there
is little drapebsaeRm)i iExamghet2@) properties and the productivity is al so
preferably stable. This is because CGWhas a good lattice matching wth
the seed | ayer as c@hpacedrwivh foec€r MN asatfid,nPWiuclprapeCtis aefid t he

CWfilmthickness change causes little change of properties. A therm
stability neaspptngesppar abdsKaredildiafg theo meRactiBodiakht woreta® present
invention will next be 67 described. Figs. 7, 8 and 9 are explanatory
views of thé&ollows.
Table 7
Film {Coercive |[S/N PW50 Signal Heat
Mate. | force ratio (nsec) attenua. fluctu.
{Oe) (dB) dB/decade |proper.
Kuev/kT
Ex.27 |CrMo [2750 to 29.1 to [18.4 to |-0.040 to (100 to
2850 29.5 19.2 -0.055 115
Ex.28 |[CrV 2750 to 29.2 to [(18.4 to |-0.040 to |100 to
2850 29.8 19.2 -0.055 115
Ex.29 |[CrTa |2700 to 28.5 to [18.8 to |-0.040 to |[100 to
2870 29.3 19.4 -0.060 120
Ex.11 |[CrW 2780 to 29.2 to [18.4 to |-0.045 to [105 to

2850 29.4 18.8 -0.055 115

As shown in Table 7, when the film material of the
intermediate layer 22 is CrW, there is little dispersion in
magnetic properties and the productivity is also preferably
stable. This is because CrW has a good lattice matching
with the seed layer as compared with the Cr alloy films
such as CrMo, and the CrW film thickness change causes
little change of properties.

A thermal stability measuring apparatus according

to the embodiment of the present invention will next be



thermal stability measuring apparatus according to the enbodi nent of the
present invention. Fig. 7 is a schematic view of the thermal stability
measuri ng apparatus (the entire system). In Fig. 7, a head/disk nmechani sm

section 102 includes a magnetic disk 105 which is a magne
medium a magnetoresistive head (MR head)” 106 which is a
mechani smfor rotating the disk, and a nechanism for | oad
onto the disk. A notor drive <circuit 107 is a control cir

tic recording
magnetic head, a
ing a head slider
cuit for driving

a notor lléesediddit hemidi«di gk spchadl 9nasecékPladddor MoriROuEiof e

head/ di sk mechani sm section 102 is usually contained in an

envi ronnent al

tank 101 whirsdrnesl cordlridlitabireasnrtiegpeppbuatusiacostiing cexpase t he
magneti c di sk 105 under a high- tenperature environnent. A read/wite

circuit secinlordip@nt md ddes preseoticihvantiofieeding a wit

e signal to the

MR head 106 of the head/di sk mechani sm section 102 to wite the signal to
the magnetic di sk 108]. ahdisa & wisderetief vaapl Pfythg thermal gnal read by the

MR head 106 for _anal ysis. Specifically the wite signal

for WW|t|ng t he

si gnal ont ¢ &aRd Iggh @aasurdingk aP@Brﬁ§u§e|ﬁEF§t%@t3rlFﬁ SPHtarn SirgAEg -
gener at or 0, .and, fed.to the wite elenen head 106 via a
preanplifiefr ]ﬂ)él%ﬂfd&%gﬁ 1SR 8PCEHRD ikogl Jr@‘il"::} $g?a PEHiG ead by

h d el he .MR h d 106 d h
bl | rer - fOB gt MEIGH 5t SaRGPRFLLE THEOTIS AT ha &

section

the head
i gnal eval uating

magnetoresistive head (MR head) 106 which is a magnetic

head, a mechanism for rotating the disk, and a mechanism

for loading a head slider onto the disk. A motor drive

circuit 107 is a control circuit for driving a motor 1ll4c

of the head/disk mechanism section 102. Moreover, the

head/disk mechanism section 102 is usually contained in an

environmental tank 101 which is controllable in temperature

in order to expose the magnetic disk 105 under a

temperature environment.

high-

A read/write circuit section 103 includes a

function of feeding a write signal to the MR head 106 of

the head/disk mechanism section 102 to write the

signal to

the magnetic disk 105, and a function of amplifying the

signal read by the MR head 106 for analysis. Specifically,

the write signal for writing the signal onto the

magnetic

disk 105 is generated in a pattern signal generator 110,

and fed to the write element of the MR head 106 via a

preamplifier 109 and a head amplifier 108. A slight read

signal read by the read element of the MR head 106 is

amplified through the head amplifier 108 and the



104. The signal evaluating section 104 has a function of neasuring and
evaluating the read signal anplified by the read/wite circuit section
103, and conprises a spectrum anal yzer 111, an oscill oscope 112, and a
personal computer 113 for controlling the nmeasuring units and processing
data. Figs. 8 and 9 are explanatory vi e®% of the head/di sk mechani sm
section. In Fig. 8 the magnetic disk 105 is held by a clanp 114b on a
disk rotating spindle 114a of a rotating apparatus 114, and rotated by

driving theppeimsl 1ifer WHEH anseed e & skghal abbaguspingll eddden as a
rotating shaft. Moreover, an arm nechani sm 115 | oads or unl oads the MR
head 106 ono4he magnetic disk 105. The MR head 106 is fixed to an arm
115a. The arm 115a is attached to a rotating shaft 115b, and can rotate
about this rotatingTsdasigidbbevaiuastiown sectkiogs 109 had 8, functhen usual
use, when the magnetic disk 105 does not rotate, the MR head 106 is held
by a ranp sefthemsuding Ankrevlvatiga fbenvesd sigpaltenpbified thie magnetic
disk 105, the arm 115a is rotated about the rotating shaft 115b, and the
MR head 106the TFerdbdr b tde igndscd 1ons R03p5apdofPRpBl $o%p2 secti on 116.
A fixing screw 115c fixes the arm 115a, ,so that the_ position of the MR
head 106 iSSEﬁgEﬁﬁmfﬁﬁé%N4ﬁFa%llpréﬂbﬁﬁﬁ#ﬂﬁéécpﬁﬁié12p0%$@i%np%ﬁ§94ﬁ9

magnetic di gk i 0%sx OP13 Fdk dn iy En ARt Sy ChS BN 454 Fuct ure of
processing data.

Figs. 8 and 9 are explanatory views of the
head/disk mechanism section.

In Fig. 8, the magnetic disk 105 is held by a
clamp 114b on a disk rotating spindle 1l4a of a rotating
apparatus 114, and rotated by driving the motor 1l4c which
uses the disk rotating spindle 114a as a rotating shaft.
Moreover, an arm mechanism 115 loads or unloads the MR head
106 on the magnetic disk 105. The MR head 106 is fixed to
an arm 115a. The arm 115a is attached to a rotating shaft
115b, and can rotate about this rotating shaft 115b.

As shown in Figs. 9 and 8, in the usual use, when
the magnetic disk 105 does not rotate, the MR head 106 is
held by a ramp section 116. After driving the motor 1ll4c
to rotate the magnetic disk 105, the arm 115a is rotated
about the rotating shaft 115b, and the MR head 106 is
loaded on the magnetic disk 105 from the ramp section 116.
A fixing screw 115¢ fixes the arm 115a, so that the
position of the MR head 106 is always fixed in a

predetermined radial position on the magnetic disk 105.



t he usual MR head. The MR head used in the present apparatus conprises the
read/ wite el enent whose wite track wwdth 121 is twice or nore a read
track width 122. Therefore, it is possible to accurately neasure and

eval uate only the signal attenuation by the thermal fluctuation of the
magneti c recordi ng medi um w t hout beiﬁg69iﬁfluenced by the thermnal
off-track. Additionally, nuneral 117 denotes an upper shield, 118 denotes
a lower shield, 119 denotes a wite elenment, and 120 denotes a read

el ement. A thermal stgbi L0t ¥hoRaSHhE NBe @I ACIIRKENY sk@uceneeeriOdi Ment
of the present invention will next be described. First, as shown in Figs.

8 and 9, thehrageetilcMRdhead105TradMMRideacisk6 iar e happreednen t he
head/ di sk nechani sm section. Subsequently, after driving the notor 114c
of Fig. 8 tepparatusthempngsesi theisdadlfittchelamentl¥haskswrotat ed, and
the MR head 106 is manually | oaded onto the magnetic disk 105 fromthe
ranmp secti ohra®k. wighht het b etwidre ar morksa ireadd xedckywidehf1%2ng screw
115c. In this case, the MR head 106 floats up and runs above the nmain
surface of TRErRAGHBLI Lt digkPossiklp £o acaugately meagndeskndechani sm

section is %Iafed into the environmental tank 101 of Fig. 7. After the
i nsi de of tREALBALEroRMENtRe $ionel etienuatdem breghat thaenal eset

t enperature circuit section 103 feeqds the - 70 wite

th d/ writ
signal to t %uﬁfV%EE%?gw nfh?ﬁm?Qquﬁ§lﬁﬁﬁ??ﬁ5@9 BRgium without being

influenced by the thermal off-track. Additionally, numeral
117 denotes an upper shield, 118 denotes a lower shield,
119 denotes a write element, and 120 denotes a read
element.

A thermal stability measuring method according to
one embodiment of the present invention will next be
described.

First, as shown in Figs. 8 and 9, the magnetic
disk 105 and MR head 106 are mounted on the head/disk
mechanism section. Subsequently, after driving the motor
114c of Fig. 8 to rotate the magnetic disk 105, the arm
11l5a is rotated, and the MR head 106 is manually loaded
onto the magnetic disk 105 from the ramp section 116.
Furthermore, the arm 115a is fixed by the fixing screw
115¢. In this case, the MR head 106 floats up and runs
above the main surface of the magnetic disk. 1In this
state, the head/disk mechanism section is placed into the
environmental tank 101 of Fig. 7. After the inside of the
environmental tank 101 is stabilized at the preset

temperature, the read/write circuit section 103 feeds the



wites the signal to the magnetic disk 105. Subsequently, imrediately
after the signal is witten, the signal witten to the magnetic disk 105
is read via the read element of the MR head 106, anplified in the
read/wite circuit section 103, and neasured in the signal evaluating
section 104. The signal evaluating sec?Pon 104 records the anplitude
val ue of the read signal at the constant tinme interval. The results of
measur enent and eval uation of the signal attenuation of a plurality of

magneti c fe%%&‘éie” igﬁgﬂi 8o (EREPLESL A e Fomdlt DHPRATLMRY hdbl ebent ahgom one

anot her in therma ctuation properties by the above- descri bed net hod

will next bgrdeserihedsifhg1 43 shewWsadher resildks 105 .t hgubeagueaty] in
whi ch the spectrum anal yzer is used as the signal evaluating section. For

the measur egpRkdeaRdilli afsert beet eipedRtiy ermift tene téievisignadnwali ttank is
60C, and the recording density of the signal witten to the magnetic disk
is 100 KFl e/ thehmaheedeediskhtOhens wesatl Vi tihe measuedsmanti efan MR
head (the MR head including the read/wite el ement whose read track wdth
is 0.5 timeshasMRahgedadOfheamplified avk the dead wiidle widgcaifirite track
width of 12.0 m a read track width of 2.4 m a wite gap Ien%th,of 0. 35
m a read gagtiengilA3ef 20d3ueasurnd 0 ridwy/shdnad Svedwstipgr se¢tion
fl oat-up anpount of 20 nm ) )
104. The signal evaluating section 104 records the
amplitude value of the read signal at the constant time
interval.
The results of measurement and evaluation of the
signal attenuation of a plurality of magnetic recording
media {samples A, B, C) supposedly different from one
another in thermal fluctuation properties by the above-
described method will next be described.
Fig. 11 shows the results of the measurement in
which the spectrum analyzer is used as the signal
evaluating section.
For the measurement conditions, the temperature of
the environmental tank is 60°C, and the recording density
of the signal written to the magnetic disk is 100
KFlux/inch.
Moreover, the head used in the measurement is an
MR head (the MR head including the read/write element whose
read track width is 0.5 times as large as the write track
width) which has a write track width of 12.0 pm, a read
track width of 2.4 pm, a write gap length of 0.35 pm, a

read gap length of 0.30 pm, and a read/write element part



The abscissa of the graph of Fig. 11 shows the elapse of tinme i mediately
after the signal is witten to the magnetic di sk. Mireover, the ordinate
shows the power (output) attenuation of the basic wave of the read signal.
When the abscissa is represented mﬁth_laggrithns, a linear signal
attenuation is usually generated as sh in Fig. 11. Mreover, Fig. 12
shows the inclination of the straight line of the graph of Fig. 11 in
nuneric values, and can be utilized as the index which indicates the
signal at tfaaat-upn abpunBeofheomak. f | uct uati on. Mreover, the nmeasurenent
simlar to the above- described neasurenent was perfornmed using the head
simlar to the MRTheadbssddsanofhthabovaephlestrited Ieaduvwemehte except
that the MR head had a wite track width of 5.0 m (in the read/wite
el enment of etlla@szOﬁeédmet henedadtebnckitew dilre g2l isi wad taenl &pge as t he
wite track w dth). a result, the linear signal attenuation occurred as
shown in Ehg mﬁgneﬁﬁé gapy - th¥°§?@ﬁ%IraEHQHﬂRﬁ%Qﬁ¥ethPW§ ther pawer
fluctuation of the na%netlc recordlqg medj um coul d curately be_neasured
e Rl e

and eval uat'@4trpty. atiephghdornet, R3S Y3 a FERE SRIDGHch t he
usual MR head nted on a_magnetic dis riyv The,specification
of the heall % thE SaRg-ge th aFeremtﬁ\% iy 10ar e Sadabeobescr i bed
T e R bt BBk SRAZEY, S A AR | s
as large aﬁltheMW&%B%eEﬂa%KgW‘géh%hoﬁ@rﬁﬂgeﬁuﬂjnatlon of the

straight line of the graph of Fig. 11 in numeric values,

and can be utilized as the index which indicates the signal

attenuation by the thermal fluctuation.

Moreover, the measurement similar to the above-

described measurement was performed using the head similar

to the MR head used in the above-described measurement

except that the MR head had a write track width of 5.0 um

(in the read/write element of the MR head, the read track

width was 2.1 times as large as the write track width). As

a result, the linear signal attenuation occurred as shown

in Fig. 11, and only the signal attenuation by the thermal

fluctuation of the magnetic recording medium could

accurately be measured and evaluated.

Fig. 13 shows the results of the measurement in

which the usual MR head mounted on a magnetic disk drive

was used. The specification of the head is the same as

that of the MR head used in the above-described measurement

except that the write track width is 3.0 um (the MR head

including the read/write element whose read track width is



t he measurenment conditions are the sanme as those of the above-described
measurenent. In this neasurenent, when 400 seconds are exceeded, a rapid
signal attenuation by the thermal off-track is found, but the steadily

| i near signal attenuation occurs in the above-described neasurenent.
Moreover, it is seen in Fig. 13 that thdfeTis a | arge dispersion of a
nmeasurenment point, and the stability of the neasurenent is deteriorated by
the thermal off-track. Additionally, when the nmeasurenent was simlarly

performed ask6gtameshes Laugélys usesl WR thead-don Wiathhackmwirdbhepf about
1.5 pm read track wwdth of about 1.0 pm), further rapid signal

at t enuat i onthrdmeeasverapht cohdpetenomityy tHie sahkeasnlthekt- bragkewer e
found. It has been proved fromthe above-described results that in the
present enbebpwendesonilhedhrezsgreientat t divudthiocn meystlemthey mehefil 480 uat i on
of the magnetic recording nediumis accurately neasured and eval uat ed.

Addi ti onal | §eCPREScBRTepkFOR@Edspt rantishdsitgned asltevuetragnebictbenver si on
property eval uating agparatus. (for 2.5 inches, single E[ate) has an outer
di mensi on ofPETMALxOEIRtRaGk £n ERinda hwds tdier siteaptlyolpnass shenabpar at us

in the high- erature tank and conduyct the test, but the thernmal
stability nﬁgE%BFﬁgl%Bp%?%Tfé oii {m% SENeSCrAPeAt MEASEEBWANEN Figs. 7 to

casi 1y and “oreSeaE e AT e B R s TS Re SEpRatates (n the - 73
high-tenpergi Up&-L20K- of a measurement point, and the stability of the
measurement is deteriorated by the thermal off-track.
Additionally, when the measurement was similarly performed
using another usually used MR head (write track width of
about 1.5 pm, read track width of about 1.0 um), further
rapid signal attenuation and measurement dispersion by the
thermal off-track were found.
It has been proved from the above-described
results that in the present embodiment, only the signal
attenuation by the thermal fluctuation of the magnetic
recording medium is accurately measured and evaluated.
Additionally, the conventional spin stand type
electomagnetic conversion property evaluating apparatus
(for 2.5 inches, single plate) has an outer dimension of 1
mx1lmx 50 cm and it was difficult to place the apparatus
in the high-temperature tank and conduct the test, but the
thermal stability measuring apparatus of the present
invention shown in Figs. 7 to 9 has an outer dimension of

about 20 cm x 10 cm x 4 cm and the test could easily and

inexpensively be performed by placing the apparatus in the



As descri bed above, according to the present invention, wthout attaching
the disk to the magnetic disk drive before witing the tracking signal or
the like, the signal attenuation by the thermal fluctuation can easily be
measured on the side of a nmagnetic disk_maker. Therefore, based on the
signal attenuation of Figs. 11 and 12 "olbfained by the neasuring nmethod and
apparatus of the present invention, the thermal fluctuation properties of
the magnetic recording nedium can be eval uated, and the magnetic
recordi ng nadghrtBrpepgtsaaki sdmefory thermal fluctuation properties can be
sel ected. For exanple, in Fig. 12, the sanple Cwith an output attenuation
of 0.09 or |ess isaAselestedbsd &bate} hecomghietg codditdle preweded with
satisfactory thermal fluctuation properties can be obtained. In the
present invenvephiorhewhbhduhrattachineftdrablislf dontteofiagnatier daskwhi ch
is not easily, thermally expanded. Fromthe standpoint of the thernal
expansi on c88ivecheferandr gb%%s%@%fﬂﬁ%%Klﬂﬂ $gmad orsthenléks, (BWs), and
the like are preferable. Mdrreaover, the fixed position of the head armis

not particuPapP§l| R EREREbeR ?%et%ﬁrﬁhgfﬂﬁﬁe PptipRegan; aaghbyvPeinity
O 1o 2o DL, I ke | 10 - BELLANCTY Shd QuLor RECLBDSLY. e on
the Sae . CRISkA! BiSchY, LELDg, LR AN Soarsling cosl Lxaand Lheasags 74

by the measuring method and apparatus of the present

invention, the thermal fluctuation properties of the

magnetic recording medium can be evaluated, and the

magnetic recording medium having satisfactory thermal

fluctuation properties can be selected. For example, in

Fig. 12, the sample C with an output attenuation of 0.09 or

less is selected so that the magnetic disk provided with

satisfactory thermal fluctuation propertiés can be

obtained.

In the present invention, the head arm is

preferably formed of a material which is not easily

thermally expanded. From the standpoint of the thermal

expansion coefficient and processability, aluminum,

stainless (SUS), and the like are preferable.

Moreover, the fixed position of the head arm is

not particularly limited, but the arm is preferably fixed

in the vicinity of the middle between the disk inner

periphery and outer periphery. Additionally, in order to

perform comparison/evaluation among the disks on the same

conditions by using the same recording density and the same



preferably

not limted

constant anong the disks. The neans for fixing the head armis

to the fixing screw, and any neans can be used as |ong as

t he

head arm can securely be fixed. The nmechani sm can al so be constituted such
that two disk rotating apparatuses are arranged, the head is attached to

both ends of the arm 115a, and two di sk's® are

4

si mul t aneously neasured with

one arm and it is also easy to construct a nmechanismfor simultaneously

measuring a plurality of disks. Mreover, the magnetic head used in the

eval uati ng

to the above-descri bed head, and a gigantic (Ilarge)
head, a dugrefiangid yragmesttandsiasbngethé DSV s head,

in which a

the magnetic head Bwh mdas Korufdaingukhhehedd earmnis eotablovel-taskcri bed
t he measurenent/eval uation of the thermal fluctuation has
been descritfedhe fil®ifids sicgemot antnpREdNeany ¢ae ke dlassd iafy lomst ked and

enmbodi nent ,

hewi b andapredohtys the hbedpaesefdixdedviesdition Ssnot imted

magnet oresi stive (GWR)
and a contact type head

pad is fornmed on the surface opposite to the magnetic di sk of

apparatus of the present invention can also be wutilized in the
measur ement?& Dast iBGH SRRt BECPERPpEr BEuf &XePr operties of the

el ectromagnetic prqperties between th netic,_head and the netic
recordi ng medi um fﬁ%ﬁl iSPrE%
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two disk rotating apparatuses are arranged, the head is
attached to both ends of the arm 115a, and two disks are
simultaneously measured with one arm, and it is also easy
to construct a mechanism for simultaneocusly measuring a
plurality of disks.

Moreover, the magnetic head used in the evaluating
method and apparatus of the present invention is not
limited to the above-described head, and a gigantic (large)
magnetoresistive (GMR) head, a dual stripe magnetoresistive
(DSMR) head, and a contact type head in which a pad is
formed on the surface opposite to the magnetic disk of the
magnetic head can also be used.

Furthermore, in the above~described embodiment,
the measurement/evaluation of the thermal fluctuation has
been described, but this is not limited, and the evaluating
method and apparatus of the present invention can also be
utilized in the measurement/evaluation of the temperature
properties of the electromagnetic properties between the
magnetic head and the magnetic recording medium, and the

like.



CLAIMS 1. A thernual

medi um the nethod conprising the steps of: disposing the magnetic

recordi ng
substrat e,

medi um constituted by formng at |east a nagnetic |ayer on a

stability nmeasuring nethod of a nmagnetic recording

and a magnetic head conpris%gg a read/ wite__elenent provided
t por t

with a read elenment and a wite el enen

fixed to one engd ead. supt
menber on the main surface of the magnetic recording nﬁ ., ;H _$gfi
at nosphere heated to a predeterm ned tenperature; relat giRgaaic

magnetic head with respect to said capaMsurface, and witing a signal

*

to a

predeterm ned track position on said nmagnetic |layer by said wite el enent;

and detecting the wite signal

witten to said track by said read el enent,

and conparing said wite signal with said detected signal to cal culate the

signal attenuationlef 2AtkBeraghestebiblioy disrpHbididime
stability of the magnetic recording nedium wherein:

of said w ggnetéreRecrsdiag mediwe | Ehgydretthesh comprisiay shet REePPack

wi dth of a radi al

ogegduBe the therma
the wite track width

direction of said track position on said magnetic |ayer,

and the nn@éﬁept anount of said track position in the radial direction by
t hermal expansi on caused.b§1gggt|ngﬂ$§ald headjiﬂpggkhuggnber. - 76 -
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dng 1C A;ecord
constituted by forming at least a magnetic layer on a
substrate, and a magnetic head comprising a read/write
element provided with a read element and a write element
fixed to one end of a head support member on the main
surface of the magnetic recording medium under an
atmosphere heated to a predetermined temperature;

relatively moving said magnetic head with respect
to said main surface, and writing a signal to a
predetermined track position on said magnetic layer by said
write element; and

detecting the write signal written to said track
by said read element, and comparing said write signal with
said detected signal to calculate the signal attenuation of
the magnetic recording medium to measure the thermal
stability of the magnetic recording medium, wherein:

the write track width of said write element is set
to be larger than the total of the track width of a radial
direction of said track position on said magnetic layer,
and the movement amount of said track position in the
radial direction by thermal expansion caused by heating

said head support member.



thermal stability measuring nethod of a nagnetic recording nmedium the
nmet hod conprising the steps of: preparing the magnetic recordi ng nedi um
constituted by formng at |least a nagnetic |ayer on a substrate, rotating
sai d magnetic recordi ng nediumto di spoge _a magnet i ﬂ“]mmuﬂ“ﬂ)mmmn
surface of the magnetic recording neaiuﬁl'the magne ng a
read/ wite elenent which is opposite to the main surfacé of t*he® mfignetic
recordi ng medi um and whose wite track wwdth is twice or nore as |arge as
a read track width, and relatively noving said magnetic head on said main
surface wth respect to said main surface; disposing said nmagnetic
recordi ng nedi um and.saRdtheragakt $calbichick wneersiarinat meshbdr efheated to a
predeterm ned tenperature; witing a signal to the magnetic | ayer of said
magnet i ¢ r eBdgdRAHCnEerond by tihed v wad/the metdlodmenmpof ssagdthengheps c head;
detecting the wite signal witten to said magnetic |ayer by the
read/wite 8fFénent of the magnetic head; and conparing said wite signa
with said detected signal to cal cul ate the si%pal att enuation of the

magnetic recordi ngPREHRFGAY - thY DagnakiG LRCOrPINY) PFRE4¥R111111 L M S

constituted by forming at least a magnetic layer on a

substrate;

rotating said magnetic recording medium to dispose
a magnetic head on the main surface of the magnetic
recording medium, the magnetic head comprising a read/write
element which is opposite to the main surface of the
magnetic recording medium and whose write track width is
twice or more as large as a read track width, and
relatively moving said magnetic head on said main surface
with respect to said main surface;

disposing said magnetic recording medium and said
magnetic head under an atmosphere heated to a predetermined
temperature;

writing a signal to the magnetic layer of said
magnetic recording medium by the read/write element of said
magnetic head;

detecting the write signal written to said
magnetic layer by the read/write element of the magnetic
head; and

comparing said write signal with said detected
signal to calculate the signal attenuation of the magnetic

recording medium.



3. Athermal stability neasuring method of a magnetic recording nmedium the
nmet hod conprising the steps of: preparing a nagneti i i
constituted by formng at |east a magnetic |ayer on ajg e T ting
said magnetic recording nediumto dispose/fix a magnet ml]m@"mﬂ]wﬂﬂm' n
surface of the magnetic recording neaiz “the magneti c*head comprissi g a
read/ wite el ement which is opposite to the main surface of the magnetic
recordi ng medi um and whose wite track wwdth is twice or nore as |arge as
a read track width, and relatively noving said magnetic head on said main
surface wth respect to said main surface; disposing said nmagnetic
recordi ng nmedi um and. sahdthesgmbt § ttalhidad ywneers vanngt meshhdr efhaated to a
predeterm ned tenperature; witing a signal to the magnetic | ayer of said
magnet i ¢ r eéagEehic neeFemd by tird uand/tirel metdbdneampoisiag dtheragfreps ¢ head:;
detecting the wite signal witten to said magnetic |ayer by the
read/wite @fenent of the magnetic head; and conparing said wite signa

with said detected signal to calculate the sjgnal attenuation of the

magnetic recor di ngPhBEREHEI 13 IM3GNSt 10 FRCPIGHRG Mefiup gongpltuted

by forming at least a magnetic layer on a substrate;

rotating said magnetic recording medium to
dispose/fix a magnetic head on the main surface of the
magnetic recording medium, the magnetic head comprising a
read/write element which is opposite to the main surface of
the magnetic recording medium and whose write track width
is twice or more as large as a read track width, and
relatively moving said magnetic head on said main surface
with respect to said main surface;

disposing said magnetic recording medium and said
magnetic head under an atmosphere heated to a predetermined
temperature;

writing a signal to the magnetic layer of said
magnetic recording medium by the read/write element of said
magnetic head;

detecting the write signal written to said
magnetic layer by the read/write element of the magnetic
head; and

comparing said write signal with said detected
signal to calculate the signal attenuation of the magnetic

recording medium.



4. A thermal stability measuring apparatus of a mnagnetic recording medi um

t he apparatus conprising: a head/disc nechani sm secti o”lmgmllm EHIE
1o {j1reli i 810 a

mechani sm for rotating a magnetic disk, and a nagnetic
read/ wite el ement whose wite track width is twce or*norelas”l afge*as a
read track width; a read/wite circuit Section havi ng a function of
performng witing and reading of a signal with respect to said magnetic
di sk; a signal evaluating section having a function of neasuring and
evaluating a read si gnal tofernd wrgbelicydnsksurbeg dpmatsaid gead/ wite

el enment; and an environnental tank containing at |east said head/disk
mechani sm seginedn candosidigge ortdd.ainl, abhe appata@iperainpre simg:The t her nal
stability neasuring apparatus of the nagnetic recordi ng medi um accordi ng
to claim4 wherein a duadl fthiad! dieshaméshaneshigrcpionidetpritdess a mechani sm
for fixing the nmagnetic head to a predeterm ned position above the main
surface of mamandgietfior diodietieg A ppepahicsdhdki iand reaaaniatd capyga@dat us of
a nmagnetic recaording medium the aigaratus conprising: a _head/disc

mechani sm SEERIGF DA FERA(Ehts ShEBRRRI YRP$DrYE it L ke WHehetlisc di sk,
and a head Qoqyrisin a re%QIwwite el enment i ncl udj a read element 79 L
r- s and &% é”rel"@%‘?ntasdi &588e@50ppbSRT e T3 HE'Hetn surface

a read/write circuit section having a function of

performing writing and reading of a signal with respect to
said magnetic disk;

a signal evaluating section having a function of
measuring and evaluating a read signal of the magnetic disk
read from said read/write element; and

an environmental tank containing at least said
head/disk mechanism section and being controllable in

temperature.

5. The thermal stability measuring apparatus of
the magnetic recording medium according to claim 4 wherein
said head/disk mechanism section comprises a mechanism for
fixing the magnetic head to a predetermined position above

the main surface of the magnetic disk.

6. A thermal stability measuring apparatus of a
magnetic recording medium, the apparatus comprising:

a head/disc mechanism section provided with a
mechanism for rotating a magnetic disk, and a head

comprising a read/write element including a read element



of said magnetic disk and on one end of a head support nenber; a
read/ wite circuit section having a function of eLinrn1nn mmitlnq and

reading of a signal with respect to said nagnetlc di
eval uating section having a function of __neasuring an Bu@ HE ﬁm ad
signal of the magnetic disk read from4&id read/ wit

envi ronnental tank containing at |east said head/dlsk nechanlsn1sect|on
and being controllable in tenperature, wherein: the wite track w dth of
said wite sahénenbrise bbegeft tdigpdhal pdlsiel thethbagkiw §hhrobea radial
direction of the track position of said nmagnetic disk, and the novenent
amount of safdsaidckagosticoiish die oradinal endi bEChI ﬁéabysﬁﬁpéﬁﬁl expansi on

caused by heating said head support nenber.
member;

a read/write circuit section having a function of
performing writing and reading of a signal with respect to
said magnetic disk;

a signal evaluating section having a function of
measuring and evaluating a read signal of the magnetic disk
read from said read/write element; and

an environmental tank containing at least said
head/disk mechanism section and being controllable in
temperature, wherein:

the write track width of said write element is
larger than the total of the track width of a radial
direction of the track position of said magnetic disk, and
the movement amount of said track position in the radial
direction by thermal expansion caused by heating said head

support member.



