;e3es.s""#(2) .6@T.(C 2 6 APR 2002 Magnetic Recording Medium and Thernma
St abi | kty Measuring Met hod and Apparatus of Magnetic Recording Medium This
appl i cati on cl ai ns||j§fgmIi tion priority right based on Japanese patent
appl i cations Hei 1mmg‘mmmmrll 94391 and Hei 11-93905, fi RddABR 208 ch
31, 1999, the entire dj #psure of whiich i s incorporated herein by
reference. BACKGROUND HE I NVENTION 1. Field of the Invention The
present invention relates to nagnetic recording nmedia such as a hard di sk

nmounted on a conputer, gnd the |ike, particularlg to a magnetic recording
_nmedi um whi'RBPRECaRRFGRIALBEr UFFeuRor 2BBAaRBeWRRENSFARL bit¥ ¥RaSYEhBFati on of

noi ses during ener.atian of recording signal. The present invention

al so rel ates tl\{)eecg’“ﬁgtaﬁbdd%ﬁfjc?ra%ﬁ?r a%%glafgg}etdg:c%eﬁoeﬁi”%e%% and

eval uating a signal decay by the thermal fluctuation of a nagnetic
recording nediumin a sinple nethod before the magnetic recording nediumis

i ncorporated intopgy t Ca 81 a&faﬁ@%ﬂ-@-c&\ﬁ%%@ gagép&ﬁé L he

Rel ated Arts As this ki of magnetic recording ne exanpl e, such a
magnet i ¢ HHQARI Y@ TR WH A RS Jd et idpplanraness Safants Appldgeat i on
Lai d- Open . 227516/1996 i s suggested. This magnetic recordi ng medi um
conpri seded 11-94391 and Hei 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 into 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
Japanesé Patent Application Laid-Open No. 227516/1996 is

suggested. This magnetic recording medium comprises a

D
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2 6 APR 2002 - 2 basic constitution wherein two Co-Pt-based magnetic

| ayers. are di sposed on a substrate and a non-nagnetic |ayer containing Cr
and Mb as nmmin conponents is interposed between these two nagnetic | ayers.
When the magnetic layer is divided into two layers with thezgoN?Rn?@netic

| ayer in 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 layer which is equal to the total filmthickness of the
three layers. On the other hand, for the purpose of reducing_the noise,

there i sP88dGeSCEE A GRSt M eF@&Gr&VﬁgcﬁggFﬁﬁﬁéﬁﬂl@99ﬁ§téccéﬁ§ﬁﬁﬁution in

whi ch an int§.-netallic con%%ugd %f a Eg structure is uied as an
under | ay8FS S4588SEF B84 3 RUBSTPAFENE R0 d BOBgTFRE 1 thileYreht er- met al | i ¢
conpound he . r u i nerally called.a seed |layer. In this
case, thg8 F%égégéd%%a§§? g% F%e%%é%s il Pﬁ?@tﬁsléuﬁpﬁsfpngﬁed as a | ower
| ayer un d der| L i IS C tihle w - based
nagneticgﬁgygsgraﬂgégb§%?h§agﬁ¥géggga&%ﬁgf wﬁﬁgﬂ kgetﬁgbhgggffgﬁgFrcan be
al loved §@ @akiMeutneRi ta%i ak g&%WhhthlEh%Oﬁ%%QHggﬁétiEh§a§bgeiﬁfbased
under| ayer can be forned, and ghe magneti c | ayer present on“the underl ayer
can al sothesalkhgyedoigedeahhgecepictaxical i@r @wbhaiAnacgordapegewi th the fine
state of the underlayer, which permits the reduction of the noise. Such a
type of sugneljcbeeeaasdi ngengdimmcbaekbe ssubfabbyhusegnasitheafagnetic
recordi ng medium for MR (magneti smresistant type) heads in which the

i nhi biti as thihhernthse ithamoord a 2i6gABRmAQGOA2t4ic3lagesi wadchhas t he

i ncrease of an output. In the magnetic recordi ng nedi um conprising the
const it uepvaldéscithibedoabdvéilmh&hiagnesisc offaybes tareedilvyded .wi Oh t he
non- magneti c | ayer, and hence each magnetic layer is surely thin and the
particl etBpzetbprcppsfal §ors tsgabPrrerRier eby reAachdigssheanobeeinhi bited. In
addition, the particle diameter of the crystals of the magnetic |ayer can

R : , .

be decrehB&dShy St REIEFFESS 81 MGPBRLA CoF SSRTAPPEr MPAYER 8B LPE 1PFe 3seed

| ayer, where t he noi,se can_al so.be inhibited. However, if the_crystals of
thg nagnSPpégﬁﬁyéFoﬁrénnﬂgécye?V FPESrFQFchElﬁuFBBEQuBF Pﬁeargaucgion of

th i i zat | is th Ll t abl e, d d i I
(e ol see TRONSL 130l 85! BEr IRLLY MISLeble. 20 g peccrdnd st onal
StrUCtur?aQEnEhQOUE§L@@b§%Q%§b:?h&grig?gg—ﬂggﬁﬂEXcrgﬁgpghgg’o%tth%

inportant that the fine particles are forne a par I amet er

diStribUBEOBt&ﬁcﬁﬂ&%oﬁgegenEQQlQPSESH%EQnaOEe@dpQEQEQLe §hzenkg m nim zed,
and the formation of the extrenely fine particles which are easily affected

by thermahstl uehuatiga ksetnhbbeieds WheegpekrrasttiRbsSikyparehemagnetic
recordi ng nmedium for exanple, a nagnetic recordi ng nmedi um descri bed, for
exanpl e, fbamddpaseaelBatenlafppl uadktiron Carda©panuNader2294184hI8RH i S
proposed. The magnetic recording mediumis forned by |am nating a seed
| ayer comsi sbmpgtoblat wiichst BblbaX€dxmagndttiihelbiyke, ah€reby €heal | oy
under film and a Co alloy nmagnetic layer in this order on a substrate, and
a 2 s fPRbased lager 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



hi gh coercive force and | ow noi se are achi eved. For the high coercive force
in the-magnetic recording nmedium the seed | ayer enhances the crystal
orientation property of surface (110) in a body-centered cubic crystal

(bce) of Cr or O alloy as the under film and the crystaf SoAPR063t i on
property of surface (100) is enhancedzand achi eved, in which the easy axis
.of magnetization (c-axis) of the Co nagnetic |ayer epitaxially grown on the
under filmis parallel with the inside of the plane. Mreover, in this
magneti c recogﬁ% medi um, since the thickness of the under filmcan be

dji n
_reduced BYS3EFoIRG (e JEEF R Fe O the W Pgnetic particles on the
t hi nned under filr]q{e ngrne to be fine socﬁgat t he magnetic transition
regi on( magnet i ¢ daheits V9P KWt Iﬁecboeﬁ[{/%é% MeSEoPHi YR 4 Bk e reduced,
and noi se3nead it i R0ueal UL WIS LRS! 3l RAt iGle diameter of
t he magnetic Tayer beconmes very fine so as reducé thé noises, the
magnet i zat:i therngl ] t:abl e, er i phenonmenon in
whi ch re?éygg§Q§§§ﬁ§f§j£féﬁ§{E%ﬁﬁ%?@ dﬁ?ﬁﬁ?iﬁgggﬁ %F%n%%F3 di sappear, that
is, a phepgmenar qallsd jtherrrl) f gthuationneTha MQi9e hasea dq ade- of f
relationship with the thermal fluctuation. Wien the crystal particle
di anet er @fysitha sTAGNeiaq 1, angie lRegomRe holee Hae MRl Se%idiedseduged, but
the signal attenuation by the thermal fluctuation increases, and the
r ecor ded asidgndles , artth eatdaaniailed ddfameasid b fdithappeals tallish dfhe hel apse of
tinme. 2 6 APR ZOp2 - 5 Wien the thermal fluctuation occurs, in addition
to the simggaletdit erayatn ean kteadizagieasedpity déer epdakrxitlle gnedithmofoi se
i ncreases, or PWh0 (the half pulse width of an isol ated readback signal)
val ue i s adetu@piesT dtte¢r Aeddscrthseddegt dayeas the riebye toer notigee cofn t he
medi um preferable for high-density recording, wth the attaining of the
fine nagRéticc Meay @ iddfechl Famevaires 15 tthsecgyssalgp@dt &4R€ to reduce the
di spersion of the particle size article diameter distribution) and to
depress TRENGEHE dRYET GF S M@ CELST e fio%e th&r BNEPESes@dcdpEibl e to the

i nfluence of the th | fluctuation. However, .when the filmthickness of

t he ;eedr@gygFlF?'i cr s@&lﬁg’oﬁpgpﬁtdiﬁsdﬁnp&ér§$§§mﬁ&ﬁéé, the crystal
particle di g%tl roang, %arrtéc%'r%e%‘l %'I@%%rl %‘t%tern'u%%te'so nik@r pi0g the seed |ayer
i ncrease, and thé crystal particl e di aneter and particle ditamst er

distri bu@i‘?ﬁl‘i{%i ti%etcﬁg%gffuﬂsm a%@c’lﬁ%‘?ﬁg_&é' AYen HeOleTRd QR fhe geed |ayer

al so i ncrease t stal growth, t by causing a problemthat the

noi se redyClinN redNN@ A t:0Ald 204 HyHt kR netikegr Rardqinky,regents years, the
conput er performance enhancenent has been advanced, and the anount of

handl ed iiffp@rtRintor Haas vhapifding igdaitaased. aAeC Fodinagl,y a thetdapacity of the
magneti c recordi ng apparatus, particularly a hard disk drive has increased
st eadi | y dikare ttelre dhiartd: idhivgld coly iiwe uniirf orecent tyheardd, spsirtsi onheferhancenent of
the recording density, the phenonenon called as the thermal fluctuation has
cone i nt pagudstlicorsiden itshirsinimized, 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;.4xCoyx, and the like, a Cr or Cr alloy under film, and a

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



2 6 APR 2pp2 - 6 phenonenon, the signal witten to the magnetic recording
nmedium-is attenuated with the el apse of tinme. The cause for this is said to
be that the magneti zation becones thernally unstabl e by ?’1 fine division
of the magnetic particles. Therefore, this attenuation i %af}Ptqi?,UQZarly
remar kabl e under a hi gh-tenperature -envixonnment. Therefore, in order to
.evaluate the nmagnetic recordi ng nedium the above-described signal

attenuati on needs to neasured under the high-tenperature environnent to

eval uat e whet her_or, not. t he the | fluctuation properties are
_sati sf aclh&lgi‘. GRS faros 86}?(/5%% SRS S BinT & Y&fe el ect romagneti c

conver si on proper al yati.ng apparatu since the apparatus is |arge
scal ed for the vo Cyurmeat_'vho alrgl'é%/ol %%%ti reHme §he Cﬁri‘eftf]i‘ﬁcult to place

9 P APLRND LA R o

of f-track phenongnon ca rack occurs t he

measur emet e N PRI YRS raddE WRiILG qélh%a%o M ALES, JJom a track

by the thermal expansion of "a head suspension. Since the signhal attenuation

occurs Widulitdhe rQeaW1r e )ofo d g tdeidrla1afdit acknd tudde didifigul t to
accurately nmeasure and evaluate only the signal attenuation by the thermnal

fl uct uat gl @het iaﬁ:yrmgsaetdﬁerrﬂ;@wi@nngmz?ﬂrtw oBUMMARRY & (Titdi )| NENTI ON The
present invention has been devel oped under the 2 s ,aPR 202

above- desnhianed dbackgraalvicveand ia Wwhisth abjecetastyherxdef dfs to provide a
magneti c recordi ng nedi um which satisfies a high coercive force, high S/N
rati o, | owgPWEQ 2¢dliven amtaxis) 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.



thermal fluctuation resistance. Mreover, a second object of the present
invention is to provide a magnetic recording nmedi um whi ch achi eves a high
coercive force and a | ow noise and which is not easily infl ugﬁcgﬁhﬁ@
thermal fluctuation. Furthernore, a third object of the present™i tion
is to provide a nethod and appar at us- fsor- remar kably accurately neasuring
.and evaluating the signal attenuation by the thermal fluctuation of a
magneti c recording medium As a result of intensive studies, the present

I nvent or i h]%%%/ & hfeo &g}% rtn{}ﬁt fthle t%%q:sl% 0 fo cI crlllsr{l“lsf,];] Ié_%l n%{]dt&,ﬁ%é:\lo nr %toi chires VB0 val ue

-and t herna |Uct ion resi stance 11es 1 of a st al

particl e (digngt %rtt%%arﬁoﬁ W b%rcl&%nuttrp%ltl i J:Ie%% ﬁgr yscthael z%firﬁij| ©

di aneter and particle dianeter distribution of the dnetlcnl%ayer, and have

clarifieddihal iQRIneAeiPedf i) | @hLah 1t LRI A Jligh, FNatio, |ow PWBO
val ue and high thermal fluctuation resistance. It has been found t hat

parti cul arsloy ated He Jmenat isG greQar dingdmad Waddialdiditeg two or nore
magnetic | ayers, and at | east one nonmagnetic |ayer between at |east one
pair of nagnetic AfyRfscridwl caltser | ies e thend idunumberd alf afnd he
nonmagnetic | ayer for separating the nmagnetic |ayers, and it has been
clarifi etheidiaim whefardable Xd& ARJR-LRBOB 1ty recontEgnret ind tihaydre uses Co- Pt
base, only the specific alloy can attain the high S/Nratio, |ow PWO0 val ue
and hi gh atthverimeing |afcthleet ifome esigtedrice. laliee prasdrtl ipavdritdles, hds been
devel oped under this background, and enploys the follow ng constitutions to
sol ve t h@esod15ise P oxtEatditey tesiudse Hiree sEMPSnRiem iodn theh@re bis sy ovi ded a

magneti ¢ recordi ng nmediumincluding at | east a magnetic |ayer on a

subst r at é.lz?hépﬁd%ﬁé:t]iec et I ¢ it dildm tdorpr iaé'ég,tob@te\%@r‘f’st Hdesubstrat e
and the magnetic Iayefr, a cr stalidp rtifc,le di aneter control |ayer for
cont r ol | 958 SERE Gy flalt E% |‘§Lﬁ‘et e Cakd I tied SVdicaidtiérte to

di stribution .of .t he magnetic layer, .and the crystal particle dianmeter
control [F&er At Ush S Iq%)e/ St vr:’%iruocmutj31 &) and carbon (C).

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 coﬁputer
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
enhanceﬁent of the recording density, the phenomenon called

as the thermal fluctuation has come into question. In this



In the present invention, the crystal particle dianeter control layer is an
-alloy_containing & and C. The effect of addition of carbon (C to Cr is
that since carbon (C) finely divides the Cr |ayer, the fing di vi sion of Co
particles growing on the crystal particle dianeter control ﬁaﬂ%%zUQ
pronoted and the crystal particle dLageter distribution is enhanced. This
_reduces the fine particles excessively poor in thermal fluctuation

resi stant properties, inproves the S/INratio and PWO0 val ue, and al so
enhances the thernal fluctuation resistant ﬁroperties. The content of
_carbon (B}eRAMERaNer (8EaFlPRALi UF&tERANEPeENBOREPBELEGyERCPEABREf erably in
a range of 0.01 ate _to t content of carbon %g Fis smal | er

0.5 at% W h
Chan - 2PBAABR 3803t toguatedothhotneng aPPECco ot Fnal J08i GREFRY ¢ he
t al ticl di t 1 i d i orat th 1
Eéifgggggﬁ?ahﬁfgyl%?g$ﬁ§rE§§ 8{?§2F3§ei rapite ?§h9§§8658§9wgﬁc[§?:§9ter
et b ePnetRE L ILOnBCHn 8T LG CRONGLBEA0D BLORC ¢! PRPALLLELECT Ao o

pr oper ti 38 ¢ yadesirhablyodet ethosanedenlbtegyess pheRitheacoptent of

carbon (C) éxceeds 0.5 at% the high coercive force cannot undésirably be

obt ai nedrefHtkhBLEDHRdeFRAIANGRC L ENBE rABY rBecaddednkenthe crystal particle
di aneter control layer. Particularly, when the nagnetic layer is directly

formed onhtherery¥st ah patkircke divamahee enstmaknkayer rebbraengai ned in the
crystal particle diameter control |ayer is deposited in the interface of Co
and Cr omhetihempaghet ebokvaydescahbdesekéghrliebytdepasibadnendsheoCr phase of
the initial Co | ayer which grows on the C alloy layer, so that the
magnet i cmeateradt vodeanthg Bogpakempkestiser edutednm@histbuevhénaicepr oves
the SINratio. Therefore, by appropriately adding these el enents, both the
PWs0 val weehhdrt he 8PN thei sheamabefluptoacdonTheopsntéas akemanganese (Mh)
is preferably in a range of 0.5 at%to 5 at% This is because in the case
of a confehtSéRCles¥ -than 0.5 at% the effect of diffusion of Mh to the Co
interface of the_magnetic .l ayer cannot be_ex ecteg?@%n the SINratio

9

cannot be i npr ovEEOWRén ﬁﬁeaCGHpgﬁP%&QEEéd§ 455 NE<di f f usi on ef f ect

of WMh to the Co inte%tace of thg ga%@gtict %Vgléggi%Dog -a%gtugayer is
large, tR&CHEGRBEIREACrREBYFER]RoRGPRE “&o 9 @pPP ’

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



particles is excessively weakened, and as a result, particularly the signal
‘attenuation is deteriorated. Moreover, the constitution may further contain
at | east one elenent selected from nol ybdenum (M), vadd&diaPRngdy), tungsten
(W, zirconium (Zr), titanium (Ti), tantalum (Ta), nickel (N), niobium
(Nb), oxygen (O and nitrogen (N). Thiis-is caused by the follow ng reasons.
.In order to attain a high recording density, in recent years, the magnetic
di sk has been requested to have a further high coercive force. To attain

t he high oerci,ve force,.th concent r ati on of ont ai ned_in_the Co-based
-alloy of ﬁﬂgengﬁﬁgfﬁé ﬁa?gFE9§88§ to? Pﬂc?egéﬁsggﬁgj?ﬁg ?E?FF8£ tBnstant of
the Co-peseg-alhax achAcdLROLY LACLARRES dOuATREANEERLERRLEL orowth of

L
t he under er “and nag Retic ] ayer I'Ce constan tRe®under | ayer

needs top g?hcﬁo$&EQth§BF8E tH?gﬂag?ﬁt%8tk8¥eiow”9kﬁéxggﬁhb”geﬁhe crystal

particle amefer control [ayer erefore, anon ove-descri bed

el ement S n Moma VY, tWic€hatIbn FesibcanM, and the Ilke have a | arger atomc
radius than that of Cr contained in the crystal particle diameter control

| ayer, and have gofrdd&lirQn a0fs c@hehiong elhe olfathieC re@Bstanhvehih ohhat of
the magnetic layer. On the other hand, oxygen or nitrogen inhibits the
grain growtbo apdvivbBebhymdgukedes eéystaﬁngaméﬂmhﬁ5wh8¢heéEﬁmévveIy usi ng
these two types of nethods, the nagnetic recording mediumis provided with
a furthehiphghoeoerngevéotoecendhaghoB/ Noiati endl ehiPbds n2tseaPRlaoz - 11
val ue, and satisfactory thermal fluctuation resistance. In this case, the
content ohfinenekdnbnt tbermhé fotgtustiphe elenents is in a range of 2 ato
to 30 ato. This is because with the content of less than 2 at$, the lattice
constant of the Euribhesposecodeshdmsl P&l echantt kae 8reERE8tCo- based al | oy of
the magnetic |layer, and with the content exceedi ng 30 ato conversely, the
constantlﬁéﬁﬁﬁégnekée§§lPEPVlQSraemthogl?ﬁ@raEaééatPﬁe 8pi taxial growth of
t he magnetic k gf beconeg g and the co ive Egrce and_S/Nratio
are det ef FOFALE YTﬁ8CH€P Fi leSFSPﬁé“§u8§9r3¥8 Pé nBe part PEEPAry

i m ted. ForooxpIRhey A HLags sHRst FaLe . 8.0NSLE! Ll gedagiass substrate, an
al umi nuntaFF6y°sa str a ceranics suabstrate carbon substrate, a
silicon §ggggagﬁﬁ n8A u%he |i ke can be used. The nagnetic |ayer of the
magnetic recor g nmedium of the present invention may conprise a single

llayer or a plurahisty hsharecs ihRehlRevRl Whalbiik¥,okhkayeksenthe magnetic
| ayer may directly be |l am nated on the nagnetic Iayer or the nonnmagnetic

| ayer maynbentBter pasedrbahweeRathenhangaakieColfayaessrAeeendi Bgnt o seventh
to tenth aspects of the present invention, the magnetic recording nedi um

i ncl udesrbwopr PABDE vAAgREeknE kagemal Thecnuabeonokertignehte Lagers can be
set to two or nore, such as three, four, and five, in consideration of
readbackioutpet matevéenw bifi agcpyepedt pestiahd tihemkkke. choweeér, fromthe
standpoi nt of practical use, about five layers at maxinum 2 6 AP R 2U02 -
12 are bswakl yoragonisredlinowsher cryskadr pAbtéchagdeningtrayensd may of
course be di sposed as occasi on demands. According to the seventh to tenth
aspect s @Pthélsréééﬁ?t?ﬁvéﬁﬁﬁéﬁbuﬁhénnﬁénébﬁcmﬁéééFaFnéaﬁééiuﬁP?ncIudes a

nonmagneti c | ayer bhetween at ast one ir og magneti c | ayers h' Lmo or
more maghéVecS éﬁéﬁéedTﬁgaﬁoﬁ énét?BeFé &fF P lﬁguﬁﬁpyaBFg Bs@d"dPrect |y
bet ween gg neti Addi tio ak Ee |n&er dkat Iayer can be
di sposed gtﬁégﬁofh Oﬁo%ﬁgéngﬁ Eelﬁ§§ TRAInELRETHATEPY Mor eover

when thee gre phcee 9f fOLeuaANaL, dlQXQESPaEﬁﬁcGQQQE?n?B'Eh%ayer s

preferabe Sried bet ween the respective nmagne | ayers. In this

case, whgn tae;pugher of; E@%@%ﬁ '@é%al'na RwoNok ﬁg@gaaaahbelbayers are

di sposed. wever, when there are three or "nore magnetic | ayers, the
nonnagne&bgekéye%nbsa%oue@%%p%§%dn%%hwg%@tabl1@9@&Sbetw@agnatlqeb@xers and
t he nonmagnetic | ayer may be di sposed between at | east one pair of the
magnet i ¢ ochay 8&as ra® foatasiedl cdenpras., the thusknesesofineatk wagmetic |ayer
is appropriate i-n a range of 50 to 250 angstrons, preferably 80 to 150
angst r ommat&isli ® fhetausenimagnichd crdgyetr dolrapepawiatthing tthieckness of | ess
than 50 angstrons, the readback output shortage, coercive force decrease,
and t her makgnkltict datyiears , preoyeritty hdet decicor atliagn faee chasedheandhwi th t he

t hi ckness exceedi ng 250 angstrons, the magnetic |layer grain increases with
the increase of the filmthickness, thereby deteriorating (lowering) the
S/Nratio,



2 6 APR 2pp2 - 13 and PW0O val ue. Moreover, 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 no gnetic | ayer
wi th a thickness of |ess than 5 angstrons, the nagnetic s%gr’ﬁ’ﬁ g2 ef f ect
of the magnetic layers formed on and gnder the nonmagnetic |ayer is not
.expected, and the S/INratio is not inproved. Wen the thickness exceeds 100
angstrons, the magnetic separation of the magnetic |ayers fornmed on and
under the nonmagnetic |layer is excessively perforned, and the coercive
force andERELHA AYSEt HdSSok PESpdaSees Orly ddCeBPGCitidd. RN IFarf i | m
constitution . of the nmagnetjc |layer, .in addition to the constitution shown
in the f&H%8W MG Y &I‘aer/?ﬁ’gnéﬂwc BWfe Vatamégide it et Medgnet i ¢

| ayer, f nber of Trﬁrjagnetic lLayer fi urt her be

n e>%arTQI.e, t he Nyl fil.ms may E)

i ncr easeg, UETHR A e GRS T Sy er RS REGITEE e YAy RN Oy er - magnet i ¢
| - i | ti ) i t . ti
ayers  CRYlehch (RN b ORISR Bl SR r el ©

magnet i ¢ J,ayens Jay e de Sae 1Ye g,irfoqure%t.. Simlarly in two or nore
nonmagnetic |l ayers, the material and filmthickness constituting the

respective nonmagheld i@y e 1Y e dda sarid f feran i1 the present
invention, the material of the nmagnetic layer is not limted. For exanple,
an al | oy piaivilde dc eninighietd <Ca 2@ dRing mdalu&rpmmiu@ﬁylgcg&t aleRistg 2Co and Ni,
an alloy mainly containing Co and Cr, and the |ike 6 APR 2002 - 14 are
used. Speweighietdld YayEapton GoNubstaGte .CoRhEr maGokttia, realtriingCoN Cr,
CoCrTa, CoCrPtTa, CoCrPtB, CoCrPtTaNb, CoCrPtBNb, and the |ike can be
exenpl i f med.iuAddiomporislelsy, belteremmgrdtel o ubayentel anle timegmeline triecor di ng
medi um for a magnetoresi stive head, or the magnetic | ayer of the magnetic
r ecor di ngaedi-um Wnvs ta lhipgihr tdedrec idianediege crmf rodnpeiyee dwral | oy mainly
containing Co and Pt. For the alloy mainly containing Co and Pt, fromthe
st andpoi FONGH OF L3if itice Bt YEderc Poe tilorlce A1pRe test andoPacs i8d€ Pt i s
appropriately 70 ato or, nore in the alloy. Nreover, the ratio of Co and Pt
is not pArerededr I SHHRvEd o b e itﬁ‘ecgﬁgnﬁéﬂéti gyest eRe ¢8&rcive force,

i d t,, Pt tQ)/ t i iate.i f 0.06 t
025, The=SRmEonerES J5the FEE o CHRG TR APy ot "edfel Pty | i m Led, bu
t - i_qt el d,, f le, f Cr, Ta, N,
S B o e, A R L R RS CIR 2 he addit1 on amount.
f th I tsd j I : j i j th
of jnese el ement s | s APRraRIdA ohi e gt enned ik oRRdSing the

magneti c properties, 30 at% or “l'ess is usua

appropri @ti%me@éricrc%tn%x@iamb%% afs the am%@efcio%tlaayu% W@tre_rain@' d.nclude a
CoPtCr alloy, a CoPtTa alloy, a CoPtCrTa alloy, a CoIgtCer alloy, a CoPtCrB
al | oy, amdet be fladee o fFram@ittherstoandpaibain qic)t ke 0 se reductsiigre Wwhen the

magnetic | ayer conprises the CoPtCr alloy, for the preferable contents of
Co, Pt, Carbom (€2 tfdn@Q vyatlgvilte:s Fhieo C20 latyer,antteCfink d vi& iano.
Mor eover, in the CoPtCrTa
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



2 8 APR 2002 - 15 alloy, for the preferable contents of Co, Pt, C, Ta,
‘Co: 55.t0 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 #f @PR ), C, B,
Co:46 to 89 at% Pt: 5to 17 at% C: 5to 25 at% B: 1 to 12 at%

Mor eover, fromthe standpoint ‘of the high coercive force, the saturation
.magnetic flux density Bs of the magnetic |ayer on the side of the substrate
is preferably larger than the saturation magnetic flux density Bs of the

magnetic | gn the side of medi um surface. The netic |ayer on the
-si de of ph§¥565§ﬂ & © @GESPJeﬁé&eﬂd ﬁ&WﬁﬁﬁnHeFQFnFﬁésgﬁé coercive force

f th di nmedi fl
densi vy BOCEdCnaabs R eOVEr? (Y STadiotiot cPAer (Gt Raei de of 1 he
medi um SUL{age, | ga%feq%u%%%%mtecae off' e hBEmete of 12y Br eedlied 3R

corrosi on-resi st roperties O t'he ‘magne IC reco m~and a

smal | satyeatiar Xaonelie ihivtdeny, tseh%S niShdSTRNISE: o] by gase. | or

t he preferabl’e conposition range of 'the magrieti ¢ |ayer o a, the
substrat grshdgctBIRE Halrdyen Pugharily dq%r&tr%ﬂ%lgﬂ %%nheg%eat% 5 to
13 at% Or: 13 to 23 at% and Ta: 1 to 5 at% ' e the nmedi um surface-side

magnet i cuhayekrmpugf ahabltyeC @hleainag @unQEa&qo%9r@%%gtBht %rb?e%%l%%%> Cr:
15 to 25 at% and Ta: 1 to 5 at% In the present invention he nonmagnetic

| ayer isaap ahbegicablly kiengr@oraneédC. Horebheref vbeh @het benaddicti on of C
to Cr, since C nakes the Cr |ayer to be fine, 2 6 APR 2002 - 16 fine Co
parti cl esfgrewbrg t(ker exfceedsale Solttdi, nette andht keepaitvieclferdieanet er
distribution is enhanced. This reduces fine particles which are excessively
poor in chenedl uhdgstiyabilonbeesbseanedpr operties, inproves the S/N and PW
and enhances the thermal fluctuation resistant properties. Additionally, M
i s deposited in e Gha@Egoe MM A Sent (@i agavofoet Reldes! &wd the | ayers, and
selectively deposited in the Cr phase of the initial Co | ayer which grows
on the CFr§FF6 Pé?éFCl§odﬂﬁ§Ft@ﬁeCﬁ§§ﬁ€t|&aNﬁFeragﬁFGﬁcé%ﬁﬁéYCD particles
is reduce he SIN r t|o heref or ppropriately adding
these el & Ht§ ebgﬁﬁnfﬁécP Ad ﬁﬁe éFﬁcélﬁ SgrpﬁgrSQeE%elﬁr §&Ption to the
magneti ¢ Laygr,and;Lhe enmaonetic Layer, wkhe aRgngLic regprdi ng medium of
t he prean Fvention can include a d Ma & -an andar Iayer a

protecti E‘Eg%@)ﬁ‘ir adthit ” GaMmelayer on%’%@lt '1% 'e'rk‘f{s g@g@!@ﬁ@)ﬁeﬁﬁ ¢3a be used

as they are inthe seed |ayer, ander l"ayer, Nt ef e |'ayer, protective

layer andnkubrbeantl avehndTe seednkay@ynks jusuakky cangtituted of the
material small in crystal particle dianmeter and uni formin crystal

particl eselaed ige3posieddsakcihenpihpose ghaerhamcithg thetgerystal growth
whi | e keeping the crystal particles of the under l|ayer, internediate |ayer,

and nmagnetiyerl ayechf grord on the seedlllayedayerhesbi naatExaspl es of the
representative material of the seed |ayer include an Ni Al alloy and ot her
mat eri al magneliia B2teypetion 2mendPRO2@B2ticles dmsysedlucstdruclbie, a C Ti
alloy, a &N alloy, and the like. Additionally, in order to enhance the
crystal growher thprozesd Ithpel/MNayapdcl.aniTharedore, 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



The under |ayer may preferably be forned of a material from which a high
coerci-ve force can be obtained. The under |ayer can be constituted of one
| ayer or two or nore |ayers. As the under |ayer, for exanplgg ﬁpﬁﬁﬂﬁ al | oy,
aCValloy, a Walloy, and the |like can be used. By using the al | oy
in this manner, the matching of the-lggtice surface interval of the
.magnetic |l ayer and the under |ayer is enhanced, so that the easy axis of
magneti zation of the magnetic |ayer easily turns into the surface. As a
result, the i n- plane coercive force and the el ectromagnetic properties are
_enhanced: aMﬁFeé@erarﬁﬁentpﬁem@ﬁﬂgﬁlFa}@Feﬁé§tﬂﬁé d8rRBJIcé8ecitPe force as
t hat of fil.mthickness of thi can be reduced, and the
exceSS|v8aFﬁ&F§§§e15feﬁﬁ§sﬁéﬁﬁiélgea &H@Ferﬁgﬁzésbﬁ Fﬁéuﬁﬁcrease of the
filmthigkn ﬁ%u é t%% %klo c%@ be d pressed ge PWand S/ N
gesul t?ﬁga P8 hSdSTE rﬂg§8FelS formed bet ween

rati o cah be&n
a%ek an@h%h%oﬁ%qq%he AL %raelﬁtalntg% 933'%'°n whi ch

t he unde
abut s oanﬁe naghetlc I"ayer, yrlgiyspose he purpose 6 enhanC|ng

the oriegtahicaR Qb1Cc@ts R %l%agmnc (MBYer valQiLpt Q5 edi ate | ayer

conprises a nonmagnetic naterla its crystal systen1|s preferably
adapt ed t@nhBaknof(uhe z1egRetive |(@ysr . thRahhenCoRtijbasgdta14mb (ABR,2002 -
18 nmmgneti ¢ layer as in the present invention, since an HCP crystal

struct ur aicrehudingg, anheba@@nqmbqloe&y@eaaqblngn@rmatabgehrqﬂbure is
constructed, the i nt er nedi at e | ayer is provided with the HCP crystal
structureh1A51Eheameearb@dt&befbayemlngckudsbgstheIHCBrdeystal structure,
CoCr, CoCrNb, CoCrPt, CoCrPtTa, and other alloys can be exenplified. The
prot ecti e&thayer hdgdi gposedioy deesitgnetinc reaper (enrshetberface opposite
to the substrate) for the purpose of protecting the magnetic layer fromthe
destructmé§n§ylﬁeddséoﬁﬁécge§ml@ﬁﬂgestﬁd ﬁpohéﬁﬁlﬂefpéyéﬁrcaﬁgbe
constituted of one layer or two or nore | ayers. Exanples of the protective
| ayer |n€P86€laesﬁPF€8n o;PdétFﬁPﬁytéecéﬁﬁ nCP?FﬁﬂV§ 2PrESMi PRIl m a
hydrocarbon fil m a hydrocarbon nitride f % %arbon n|tr|de film a
silicon ﬁPPFFBErFFPﬁP 24 §|CCPPIﬁﬁn§ﬁleh§ PiE@ ﬂ&ﬁﬁt?&ﬁ&Vl? FH@

tective | be di d_ by K f t hod h
Cout Cori HG™ TR dBveGaht TRy 5P A4 CaLeRbseanrof ¢ ?aﬁ%&%’ésggaﬁt%%uc?ﬁg the

resi stange Qﬁetﬁ% %gggge%lglldl o@hggglglﬁﬁﬁﬁga and far %ﬁgg?y%he

per fl uor opol'yéet her fne Pi ke are y ased- Additi 6

crystal pguthele1dkanpler GoRtEOk bRy 0kt B%dpfneg,ﬁerubnzg%l 0N thg formed

may be fo anywher e between the substrate and e magnetic layer. For

exanpl e, 1kReikayebnist aher Bd thet waee rt he ysubsteaketandathe seed | ayer. Wen
the seed | ayer conprises a plurality of Fayers, the control layer is forned

bet ween thatseedthayeagnehetweayetthenseedxkapeingnthe 2r§sABB Zpp2 - 19
t he under |ayer, between the seed |ayer and the magnetic
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



| ayer, or between the substrate and the under |ayer. \Wen the magnetic
‘| ayer .conprises a plurality of layers, the control layer is formed between
the magnetic layers, or the like. Specifically, there are_,exenplified
substrate/crystal particle dianeter control |ayer/seed | agdr APR 2002
substrate/ seed |l ayer/crystal particle dianeter control |ayer/seed |ayer,
.Substrate/seed | ayer/crystal particle dianmeter control |ayer/under |ayer,
substrat e/ seed |l ayer/crystal particle dianeter control |ayer/ mgnetic
| ayer, subitrate/crystal particle dianeter control |ayer/under

layer/ (i ¢ Pﬁed?&geSP&&@F?FEQ&HeFP@rmggeﬁ}uﬁﬁﬁﬁéﬂPB Feyertérystal particl e
di t trol | / tic | , d the like. Furth ,
result of PPA( SASFYe BEUACES SN pF B5e it STHENEor 5 Rave tPouRd AR the
wh h i i f | i th | .fluctuati
oo ot andbeh8Res: 98, FR e e sh B 2ap 2l 183D B8 TRE S PuBEGRE ST ¢ he

seed | aygh cnaRflehakeehdr Ll edLahanhe aRgyerdesebibed Oblagts can be

attai ned by changing the structure of the séed layer. he present invention
has beenjdeygloped junder _b@&%ml%%fl&%raqli@@’ t#Rd thatl eld eweng coaskiyt uti ons

are enployed. (Constitution 1) In a magnetic recording mediumin which at

| east anaun@er olfayee, madded iFRIRGErG bavekiahe ther FedtkAtt Bikscaliday On a
substrate, the under |ayer includes at |east a seed |layer for finely

di vi di ng30r getal conZe@sARPR,2002 cod@tapar beebaesokxtchesimgnet iarayer, the
seed layer includes two or nore | ayers of nonmagnetic filns, and an

i nt er nediLat eikager cheepedhefl epimatkeérilal rdwkhepént hier oaghkati cofl aybe
nonmagnetic filmis interposed between the nonnmagnetic films. (Constitution
2) The ubhdepmeaydd fféocuddj usnidngheheocerydval foricentatdi 6iNofrathe magnetic

| ayer is formed between the seed |ayer and the magnetic |ayer.
(ConstitdeteKigyratmdthe magnetic recordi ng medi um according to the
constitution 1 or 2, the thickness of the nonmagnetic filmis in a range of
100 to 550 angst rdes MatE&dnétli it itde APPstrehe AsgReti Parddsrdiddd Ynmedi um
accordin?.to agy one of the.constitutions. 1 to,3, the filnhihic ness of the
i nt er medit aF&EFSyer FPE PXEPLEngE §F-255t 5UBS TAAGSt r BnSTYEEBNSEAEGti on 5) In

the magniLeo! sqgrdingrediumageardl 19,140 ank-one.af the eapstitutions 1

to 4, thé rnfernediate l'ayer conpri ses a nonmagnéeti ¢’ mat er

i”C'“dessEB§t§g$%rﬁ%¥%%§bo%t%H%%%&%t%s %héﬁlﬁfohh%uBQQ?EQEEtEBdfké%‘

(Constitution e magneéetic recorfding medium according to th
constituiien BantBe LBkgrnmediate [ayer conprises a material in which a
crystal lattice surface interval does not match with that of the

nonmagneti c fil MThe 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



(Constitution 7) In the magnetic recordi ng nmedi um according to the
constitution 6, the nonmagnetic filmconprises the material containing one
all oy selected froma 2 6 APR 2002 - 21 group ConSiStianP&ﬁBﬁﬁ%L Al Co,
FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, N Ti, CuzZn, Al M, Al ReS A , Si,

Ni Ga, CuBe, WV, N Zn, FeV, CTi, GNz2 NARI, NAW N A Ta, MAI Hf,
_NiAlMb, NAICr, NNAIZr, N Al Nb, and Al zFeMn2, and the internedi ate | ayer
conprises the material containing Cr. (Constitution 8) In the magnetic

recordi ng nediu ccordi,ng to the constitution 7, the internediate |ayer
_conprise§ts HﬁPghﬁglgﬁgﬁﬁg&egf cﬁoaﬁaeav PedsCroRe fyPaI8EteCt ed from a

group consi sting_of V., W .and.Ta. nstitution 9), In the nmagnetic
recordingaxgafuﬁﬁ ng?EPH§SFOb€h§l€ ﬁf%g?ﬁfi8ﬁc§Flpﬁebﬁﬁngﬁédiate | ayer
conprises an all il i.ni a cardi tqQ.t
constitution 1, ?%égﬁﬁ'gﬁ ﬁgggﬁeiﬁb G §§ g% ﬁ%ﬁ?ﬁ %ﬁ%egggd%Fa$§F for finely
di vi di NptBg 6ty $halenRdbh Ches RhohRe1ERGERLEAIAY feasLhC 88 ddkay er
includes at |least two or nore |ayers of nonmagnetic filns, and the
i nt er nedhghRabAken cCQaREirSkagwkle HR! ekihal dnkf gnent ofr Eyhhat cof the
nonmagnetic filmis interposed between the nonmagnetic filnms. Therefore,
the nonmagpetisCihi kol dramoirdi miaghegiewlhybirsm wrhe acsmaghegryst al
particle dianeter, and the crystal particle dianeter of the under film
and/ or theysmgiet uecukayer diepoeddonitree tignbegwetinc thel magaetéduced, so
that the magnetic transition region(magnetic domain wall w dth) can be
reduced amgeusi.-f oRsEdtiandldei sébhearateastedéedteMbrgevecanf be t he coercive
force, by setting the total of the thickness of the alloy filns
consti t ulitA§oERE besderayshet gonmagpptiz daxpr 20092the TRENS&HE as the film
t hi ckness of the seed |ayer constituted of the single |ayer of the alloy
film thé2KPgh cHErEPYELH oMEEN $PR&EnB&rNEA T SBUPENBPHEr BRIBE Cilht er posi ng
the internedi ate hayer bet ween the nonnagneti_c fhlns, t he pgr%icle di anet er
di stri butPERTEr CRE RORMAGRECIE f-RNRTT ormBISSRTERS YsE8IFEy BF H'S§ Peduced.
When thetgnder film,and_the magnetic | ayer _are forqe the particle

o]

d
di anet er C4FsEFEBGE IR SoP 2 hE TAdEP I FIEMCa SyﬁéénetiE FQ&Srcﬁgealso reduced.
Mor eover \,,u1eq, 00 ARt Ll Mg tormedy e partigle dianeber distribution
of the magnetic layer is also’reduced. Ther e oré, the generation of
exceSS'VQEXe&gns Raliispl8S asuseRihake LRchnenicRtl Heaceneket Be higgemal
fluctuation can 6e suppressed, and the influence of the thermal fluctuation
can be awghdedicSpagelis¢akhy, ndnnskowr iicn 1Bv@r 4s hbe egryestigonal magnetic
recordi ng nmedium (curve B) disclosed in the Japanese Patent Application
Lai d- OpebBeNaee523418p29%6 iofcmades tlilke 1ayeessi waky theneopangnelteg (part Bl)
susceptible to the influence of the thermal fluctuation. On the other hand,
i n the pilegemnt magvert dispocedy eAleen rte lehetexnespiaviel pff the particl es
susceptible to the influence of the thermal fluctuation decrease (Bl ~ Al),
t he i nfl megoetdt tlhgetrisermsalocddagdonadieoanids .not easily exerted. Moreover,
in the present invention (curve A), since the particle dianeter
distribution is fara dhdEknass afercafd paanedic dizai®et s i s reduced (B3 -~
A3), and the particles with |large particle dianmeters are reduc ﬂ (B2 -~
A2), the3BPROPELAGCatd PWEGRIe20L IR Le-2°0 2@956Fﬁ@5we§F§Feﬁé§ ¥t ude wi dt h

of the i%%l%%eqS%e %%%E%%%%Q S%%E%lhsa%%a%%g%n%%g'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 g£ain increases with the increase of the film

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



Addi tionally, the nonmagnetic filmconstituting the seed layer is
constituted of two or nore |layers. The nunber of nonnagnetic filns can be
set to two or nore, such as three, four, or five, in consid gtion of the
readback outputs, overwiting properties, and the like. Addig‘tr LB 2892 about
three | ayers at maxi mum are usual |l y-preferable fromthe practical
.Sstandpoint. Mreover, for the seed |ayer of the present invention, the
internediate |layer is interposed between at | east one pair of nonmagnetic
films anmon or rel layers of the ngn netic films. The internmedi ate
-l ayer hagng1 ftPWrgf tivt?ﬁou@f' t SKPFEASTry Ghft é?"rﬁ‘tgqeﬁﬁ e tal growth of the
nonmagnetic film ivc\h%@i t her.e are three or .nore la ersf;)f r{l%n netic filns,
e SPospe

the int erPREREPEY ayer Yo 6rsefaé’|p§t§1pfl§itsepd‘§le§ B erf ctive
nonmagnet.i ilos. Ln thi , e of yer.s of nonmagnetic
films i s%h%sfr?-rf%?’rit g&r?e%%tbg%ﬁsglfe% ;%rotegg‘lds%g%g&' élﬁst hlesrg)eacraélstehr ee or
more | ayeps QhNRRARedG d il hawever 1t,h'ir&§<tn]%%% Yr dieSROTHAG tshe
internedi ate ayer anong all the nonmagnetic filns, the intermediate |ayer
may be diasigesednet Ween migrleaast s Raiihole frRgIetine iR as occasion
demands. As the filmconstitution of the seed | ayer, the nuriber of
nonmagnetlagefrsl & iy four ey Weldmeheasethrsdele tds NeREAINet indt
filminternedi ate | ayer-nonmagnetic filmdescribed later in the foll ow ng
enbodi neekpekcttetherand 2he APR 2003 o i24 nowordmpgstdde f iWhen nther medi at e

| ayer - nonmagnetic filmnternediate | ayer-nonmagnetic film and nonmagnetic
film nt ethedikaes sl @yeeadenidin emigs tridms, ndivea gregniet ifd Ismiprirertiedi atfe

| ayer - nonmagnetic film Mreover, in two or nore nonmagnhetic filns, the
mat eri al thed meignetily davess dorsed @i mg ceagidaro ey mernina ghieltrhamay  be t he
sane or different. Simlarly, in tw or nore internediate | ayers, the

mat eri al 13H&TF iHEmeRGeSItidsd Yo degthiatieichg 28 irhentcoeredivat £ argpe@nfay be t he

same or different.. Furthernore, dnternedjate | ayer of the nonmagnetic
PEFEe Toft LiRtea

th
f11m has therae LIS R ORRE s e G PR nonmagnet ¢ il m
d the int i at | ayv. d i th ti of th i |
fine particles gﬁd e HormeghtiTe Frh (hday T8y 6k S iighter it 9y er ) T or mb
on the | LeLaRiaLe |8y e LINGING. LG AYELAST LSl almgrlig e 6 ameter,

and reduci ng (harrow ng) i aneter di stribation. 1°n the pr esent

i nventi O'émF%%Iiﬂx%%‘?cr iOReqnai%?le he qan tzj—_trllétrlin% et il0n 2L R& RIMPQAse Of adj usting

the crystal orientation the magnetic layer, the under film nay be forned

bet ween tR¢ecscedJrayeianld ,t e sTRERGIIC JAYRIgnMaE 1 e UNdefs fldym i s

preferably formed of a material fromwhich a high coercive force can be
obt ai ned futh@eunder ihidrascan ,beuwednsts Mige@tdfe arRgdrayehnigniesd cor nore
| ayers. As the under film for exanple, a &M alloy, a &V alloy, a W
al | oy, andykehemnaighe tdan lag arsedgnwear tlag e@r-rnainmaynes iksdd vier-t hi s nmanner,
and the magnetic | ayer 2 6 APR 2002

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



- 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 res@g APRhggzroercive

force and el ectronmagnetic properties are enhanced. Mreover, when the sane

coercive force is obtained, the filmhi€kness of the C alloy can be
.reduced as conpared with the under filmof Cr, so that the excessive

i ncrease of the particle size by the increase of the filmthickness of the

Cr all d . h /[ N
hvont | vaf8 pBEatePEpEReds A, "Bk BB PRckin ek E s en Lok ahuer T 1 m
and the pggpRticcLRYe: aeoeeeaS'eec$§€%adScOe&$g%faE';IF@TEBS position

whi ch abuts on’the maghetic layer '3 ntermedrat e m 1's di sposed for

the purp@@@rgegﬁehaaﬁunghgh@lQ@'eahabboexeﬁp§a¥aéd0f hBelgﬁaﬂgﬁFg layer.
The internediate filmis a nonmagnetic material, and the crystal“Systemis

pref er abtpeaglapheditolthercoystak ﬁﬁ@heﬂhefrbeeraﬁgaehbelhayear gor
exanple, in the Copt-baSed nagnetic layer, since thé HCP crystal structure
i ncl udi ngathetbexagenakechesast opagckenfaghystal 1s,euchbyr enks construct ed,
the internediate layer is provided with the HCP crystal structure, and
CoCr, Co@afbetCoCrPtorGaGyPimédiuvandiohher habhogsearévpr ébecabmey I n the
present invention, as described in the constitution 3, fromthe standpoint
of the fraspandeunnfoliryr pstalypaerrkelisidyafiet endoPtt heFnontagnetic film
and the coercive force, the thickness of each nonmagnetic film 2 6 APR
2202 - 28llegnseindyi AgnERENsBEJCPayEd P§.i Aramr BhgesbhndBoing 550
angstrons, _.and the total filmthickness is preferably in a range of 300 to
1100 angSPfbhEiePheROEREIVRI ERAESS BPeeEEHanﬁﬁaﬁﬁeﬁpé Ffl &Pis less than

100 angstrons, ecrease_of the coercive force is undesirably |arge.
Whon t ReePPTRPERFERAESdDagEsanE eeéeahas%¥8ne9ieme'CM§§F8V55arF¥e k

di anet er adpartbcleglgneter dstrlgutl E] omanti.cfllm
i ncreasey Pﬁ% CFysPaf"Safti eFe draRer &t C8 afﬁ@ hﬂé? arlﬁ1 ndl'or the
”39”et'c B§¥§Be §9969'89'¥h%”85§98 vea@grgge RgL S& HH&aXBEQb'FtbeCO”ES

gh. Ad Itrona the total ness nonmagnetic f

constltuqaeg vBs %sed)legeg gas eﬁgeepahasekxnse e@JQSb@dtbnoaﬁsordance
with the coercive torce to B tained. In the present invention, as

described in thergansbi %hb%@s4otk%Q”k%Q% shandpoipht 2E Rekse reduct|on,
the filmthickness of the internediate layer is preferably in a range of 5
to 50 angspeensllfpecificeal | yputwsas bhetivbl Bxt ibekness of the internediate
| ayer is less than 5 angstrons, the role of interrupting the crystal growth
of the neppagpeiateliyl heconstit ibrngxbhplseefirbayer, i SapoNif ubljl Bed, the
upper -l ayer nonmagnetic filmis formed with the crystal growth of the

| ower - | aQer NnoNpagHet i Bobi Em r Bf | 8bt eBet h¥r e8m asdi £ri-s, Thhe crystal
particle diameter and particle dianmeter distribution increase, the noise

i ncr easegddihgonhampupkueficéhpyet RéemReEfal st PRREQRELBACILY b95|ly exerted.

Mor eover, when the fil mthickness exceeds - 2 6 APR 2002 - 27 50
angstronﬁetﬁﬁ@lEFQSPélCB&F%?@Fénaléﬁﬁt@?gﬁﬁt%ﬁepFﬁP%FﬁéIFatenﬂa98?

i ncrease the cry partlﬁle di.anet er Z artlcletdlangter dgstribution
of the UEBE? Iﬁ?gr oﬁﬁﬁgﬁet ESPi I PAEPE4¥e2PRAGPEHB Roi sECDREESFr abl y

IncreaseéXamples 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
preferaele contents of Co, Pt, Cr, Co: 62 to 90 at%, Pt: 5

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



In the present invention, as described in the constitution 5, the
‘internedi ate | ayer preferably conprises the nonmagnetic material which

i ncludes the same crystal structure as that of the nonmagnetic film in
order to enhance~the crystal growth of the magnetic Iayer.ﬂG1AH%mmmesent
invention, as described in the constititton 6, the internediate |ayer
.preferably conprises the material in which the crystal lattice surface
interval does not match with that of the nonmagnetic film in order to set
the crystal, partdi cl i r..of t r-1ay nnumagneti.¢c filmto be
-fine. Sp%?%?&&akpé,%ggbgggéréﬁ%&beEF#%R§F§§$E?;’a?&?cgﬁéuggacék?nterva
bet ween e inteyr | ateg .| I e tisG filom i ref.erabl y of

t he orde%@oﬁcbgglgﬁ%'ongléﬁﬁf ?Epfﬁ%'p?gggﬁgqghfgnffﬁﬁ,a§§p3§§cﬁibed in
the constiot ot ia@R, 7 which@ RO ico HidB a3 1001, 68 el 3%Jnamas the role
of the seed |ayer (for obtaining the uniformand fine crystal particle

di amet er cohtlche smegneld,c Htgyey), iBs fod:fad Ited.s sand spr efar ablyy, qanpri ses one
all oy selected fromthe group consisting of NNA, A Co, FeAl, FeTi, CoFe,
CoTi, Coklfts,CaZr:, SNitb 25Caty, A:Ml, tAl Re aAgMy, CuSi, N Ga, CuBe, MV,

Ni Zn, FeV, O Ti, CN, NARu, NAIW N Al Ta, 2 6 APR 2pp2 - 28 M Al Hf,
Ni Al Mo, N Al Cr, NoxetrvemN Alrdo tdred sAlatfagviiht Mo edweerhidthedanenmedi at e

| ayer preferably conprises the material containing Cr. Above all, N A,
CrTi, N AcRgear &hgr sduaisitd dye sagse tilse fdryrsideinsgam iBsl @ fditduweet er can be
uni formand fine and the effect of reducing noises is high. In the present
i nvent i ofi298§ td€s drivséd A tige sdeiestaft (ithicof W stire e dtse Phsdieaed Uvayer
preferably conprises the Cr allaqy formed of Cr. and at | east one type

sel ect ed 1PFEf/L ﬁba&r 55?6 SEFSEIRG FRINE LY BRIXa TP EYTRISs Ofs Yh€cause in
t he above-descr.i bed C allqy, the matching of, .the upper and_| ower seed

| ayers i@aHBF%dgtZFW@F&f@H%%@nPﬁdﬁhgfbgﬁﬁ EpglﬁfhﬁﬁngcﬁrowFWeand
distribuplan.can e goniyolled apd therg is prelerably Jitle dispersion
of the magretic proﬁbrties. hé “cont’ént™ of "at I’ éast” one type sélected from
M, V. WeoTaohBathics c@rrdlcOd reS Yeqianabled it @+ ange afnd tio 30 at% In
the present 1 nvention, as |sclose§ in the constitution g, the internediate
l'ayer preketabliyoCaRRIiugeS ahke alhiQn MBIt GQR! alinRG i€ fang W This is
because the di spérsion of the magneti c properties i's reduced and the
producti Vieh¥ ity Blsalisl ideaghniedusi me ey, Weale ey g ttilke 1laRieer BRdi at e

| ayer. When the G-Walloy is used, the content of Wis preferably in a
range of thet 8i3@ alf%théherdihe cuitfert iis lessideards tat Haihhgre is no

ef fect of suppressing the particle growh of the seed | ayer or uniform ng
t he part delkerdiiaret-@re &/$t maiitoi @md \Weerrdsti caxcesds t3@ tat¥opehlre ikt chi ng
with the upper seed |layer is 2 6 APR 2002 - 29 deteriorated, and the PW
properti @§, t8eNmagmnied icangcoreiiciovaedinge ang @ndawildalslay udettdonor at ed.

Addi tional ly, other elenents such as Nb may be contained by about 2 ato or
| ess. 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 allo§ containing Cr and C. For the effect of the

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



Additionally, in the above-described magnetic recordi ng nmedi um of the
‘present invention, the substrate material is not particularly Iimted. For
exanpl e, a glass substrate, a crystallized glass substrate, an al um num

al l oy substrate, a ceram cs substrate, a carbon substrate,zmsamjgﬁp
substrate, and the |like can be used- 16 the magnetic recordi ng nmedi um of
.the present invention, the nmagnetic layer is not particularly Iimted.
Exanpl es of the magnetic |layer include the magnetic filns mainly containing

Co h , ) Ni Ni Cr,, CoCr.Ta, CoPtCr, CoN Pt, Ni. Cr Pt ,
CoN G Ta L B5CRL PR LTS 7 T SO BBCRIN T TG MBSRETTE | 278 Ty be
provi ded A rlc%emﬂilita'nieéﬁéﬁr g:q.s%%%al'tti%rn' qny Ql%'r?]a\%i'c’%dco Cr’I]%tiEa/ rgd\\{t%/e%OCr Pt Ta,

and the Fike) by separating the nmagnetic fi th 't he nonmagnetic film (e.

g., C, @iM& pgr\éi c(}\:relgh th‘%fl‘ld atrlée elﬂd%‘:'s)s iR lrf‘ii)lé%q: tlhle t'?x%ir?n%si' The nagnetic

| ayer for a magnetoresistive head (MR head) "or a gi ant magnetoresistive
head (GVR1headstiRy ceEaitsett pe dpebased alim@tovand taR isyRUENY pa enent

selected fromY, Si, rare earth elements, H, Ge, Sn, and Zn, or the oxide
of the i gpdriehhaclcenenthe Mireamsar £ 1ike vmgnret ire sliaten thpy opRGtude .a
granul ar structure in which magnetic particles such as Fe, Co, FeCo, and
CoN Pt alddditdperddd i Mnt he deposiAlRR 2002he 30 tefrdlariet @fbaded, or
iron-rare earth el ement-based nonmagnetic filmcontaining Si02 or BN

Mor eover intiee fmggnetfi ¢hleayer amgy Crsd ayerisn- gingheedreotdmeilyal recor di ng
format. The protective |layer, or the lubricant | ayer can be formed on the
magnet i c deRPSA teS decddicot rd@hasds ofThd epididdeilv €9 dypeer yhighmed for the
pur pose of protecting the magnetic |ayer fromthe destruction by the

contact §EPHENGToftNehETnddreY dayead. SPhéhgtottée Mpgnedy & can be
constituteg of %ne I%¥€; or. two or, qpre.layers. %ra |l es of the protective
| ayer i n¢PEE&E &R0/ TR% iTCmPaE tidtieSon So¥Ed A m T8 CarBEF ¥ m a

hydr ocar hon fil.m .carb nitride film__a hydrocarbon nitride film a

Y onar RRR, Rt 82 MRS, bt Tord ot e OBl (hesk " o

i ke. Adgh%h%ggglybokget%%o&ﬁp%%%gF%%%%UNp%gﬂb%efqﬁgggvgﬁ.the known film

formng ne such "as sputterin e | ubricant r is disposed for the

purpose of reducifg e vi&H AN adhe icontAady slididie with the magnetic
head, and liquid lubricants such as

nonmagnetic 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.
Exampleé of the representative material of the seed layer

include an NiAl alloy and other materials with a B2 type



per fl uoropol yether are usually used. A thermal stability measuring nethod
-and a-thermal stability neasuring apparatus of the present invention have
the follow ng constitutions. (Constitution 10) By di sposing a magnetic
recording nmediumconstituted by form ng at | east a magneti ﬁé]?y r on a
substrate, and a magnetic head conprising a read/wite ele tRoiided
wWith aread elenent and a wite elenent fixed to one end of a head support
menber on the ZsgpR~z - 31 nmain surface of the nmagnetic recordi ng nmedi um
under ancatpsnnere Reahed Lo 3l edalgrMaNRINCIRYRL Uity fgleati vel y
-novi ng theé‘magneti ¢ head W th respect td the main surface, witing a signal
to a predeterm aed;traclk109si tinoR QR I he RGNS thay e Ay fthe wite

el enent, detecting the wite signal witten to the track by the read

el enent, gaBGtEQMRAL BGeldNe aWdrt easi Beall amitfatidde detected signal to

cal cul ate the signal attenuation of the magnetic recording nmedium the
thermal stabilityrhef itk rdgnety maeeyaiagbBdidenicamenss ed. The wite
track width of the wite elenent is set to be larger than the total of the
track w diheafiad rfadmalwhdicheeat ihdrhofcoehe itvreadlo rpes ictaino b eo bitlad nragnet i ¢

| ayer, and the novenent anmount of the track position in the radial

di recti oAhly unkderndlayerpaasi e cansdd tnredestfi wget He viegad rsgmeorir nenber
(Constitution 11) After a step of preparin% a magnetic recordi ng nedi um
const i t uf@deby ayer§i-ng At the€asindg mdgétt-c fiogy éxadwlg sghsitiet e, the
magneti c recording nediumis rqotated to di spose a_magnetic _head on the main
surface 6f1CHe Radrét Bd PdcordSFY Redivm aRe thgghdticc REadec&95S si ng a
read/ write el enent _which i.§ opposite to the main surface of t magneti c
recor di nGYnEG IR LRE Mo?éiﬁry?tlé’ gk AT i §htev\f‘l?é?cg‘rmr?m°eg]3§’el arge as a

read tr a‘it‘é.t‘é‘i%teh- w28 et hed glg0 ot i 382l SHERS Oy, o §hati vely moving
the magnétic head on the nain sarface W threspect tothe main surface;

di sposi ng the q%%%?ghg %%%%kgkggoggp&%%%anetQgég?g@q%i%éhead under an

at nosphere heate pre erm ned tenperature;

Wi ting 8,§hgRal;akq dhhe fMREReTaGnled)er 18y i@ MBGRLehGneqekd R Tedi UM by
the read/wite elenment of the magnetic héad; deteCting the wite signha

witten k@rifieemrgngt iaC dedy@rk by neha neadner ide @liererorel bhel magnetic
head; and conparing the wite signal with the detected signal to calcul ate
the si gnall eatttrefdainie@n cofp rdpe ritagnetdre reeeendisdy Mird®@ver, 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. 1In the CoPt-based



(Constitution 12) After a step of preparing a magnetic recordi ng nmedi um
‘constituted by formng at | east a magnetic | ayer on a substrate, the
magnetic recording mediumis rotated to dispose/fix a nagng%%é EQ@@hgn t he
mai n surface of the magnetic recording nmedium the magneti 5 rising
a read/wite elenment which is oppos+teste the main surface of the magnetic
.recordi ng nedi um and whose wite track wwdth is twice or nore as large as a
read track width. The nethod al so conprises the steps of: relatively noving
t he magnetic Qead aon the naintﬁurface m%th resgect to.the naiﬁ %urface;

di sposi n§2PRE LhEgAEYEE PECOPdItRS REGSGMEand "ERE 1 BgnStPEehedd iihder an

at nospher te re i.ned _t ratyre; -witing_a,signal to the
nagneticcﬁgegglo t%ﬁé%%géng§%§5§%§§r8iﬁggﬁggfé%mS}OFﬁétr%§&F%P%te el enent
of the ”BQ%%E%@ eadccdekeqll R RS While %h%ﬂ%ht@&@%&?@g%olk g fmganeti ¢

| ayer by tHe read/wite el ement of the magnetic head; and conparing the
wite sigpakiebhuihe dekeaied sharah @ roleubkat ealhensi gnal attenuation
of the magnetic recordi ng medium (Constitution 13) There are provided: a
head/ di seénteZrn@dABBe2007er 33cliBehanicsd $iedt icy spraVisded el ,a mechani sm
for rotating a magnetic disk, and a magnetic head conprising a read/wite
el ement ¢hage GOCEDLLr gok rBitdt CoCsPi®iage adl mhheraslllaygecas deread track
width; a read/wite circuit section having a function of performng witing
and readergmpflifisidgnallhwi plrotespéce fleyehle isagnepiosedi sk; taesi gnal

eval uating section having a function of neasuring and evaluating a read

si gnal ofaghetiggreries dicsk theadufrfamet bepprsadewtiot shel embntraged an
environmental tank containing at |east the head/di sk mechani sm section and
bei ng cohProlthg&bPErPRSEeRpePALGLEL InQoAbLI MaONGhit4)ayR Tt BEOPhERRR
stability neasuring apparatus of the magnetic recordi ng nmedi um according to
t he consFFFGFP8ﬁ1?§,bﬁh@eﬁQaGPBFéEtnééﬁgﬁP§n1sgéﬁiBﬁ058ﬁ§9W§e§a§eﬁechanism
for fixing tEe na ngticth%adfto a gredeternined posi ti on _above the main
surface G6Ff"t R&E ﬁﬁgﬁ tite el kY PBEndBYERt P6n tY'8) OFhBPECar8YSESvi ded: a
head/ di sc nmechani n1sq%£j%& Qrovide w.t.h _a.mechanis rqt.at.ing a

he é:}rodcectlve /la e 1nIcTufd%r a Sl%l

magneti c di sk, an “Athead conprising a read i te elenent |ncluéing a read
el ement 30dqg wihie ol emepbodlspased gapashle ka1hhe MlA suclaes of the
magneti c di sk and 6n one end of a'héa support nmenber; read/write circuit
section RavypngaanluRekiaeh ol nBekfiekMAgmM iat ikAgH3Rd nheadiyRg rehna si gnal
wth respect to the magnetic disk; a signal evaluating section having a
functi onsefl ieasuiicRddandiewdl vat isng &inegdaskgnak ofixkhe nagnetic di sk
read fromthe 2 6 APR ~pp2 read/wite elenent; and an environnental tank
cont ai ni agdatibeastl vt he hee adbdiesk iReChagiezmcaacbieodiapd skei by &awwhol | abl e
in tenperature. The wite track width of the wite elenent is |larger than

t he totalfidfm tfhemtingckewhddls sfich madisplutdiereagi.onTok therticack position of
the magnetic |ayer, and the novenent anmount of the track position in the
radi al dilpgetri 5 By splReefulfoaxshrsPurresesed Bgdueanonghehe head support
menber. In the present invention, by setting the wite track width of the
wite el ERERELENCEhEYhERE COTBECItarderinFaitithe thEt BFady £RE £P&ck wi dth of
the radial direction of the track position on._the nagnetic l.ayer of the

nagneticeEF?P}eanEeFﬁ YREVE HETRREuneNGr thRe 1t KGc R poSPLURdh iHsfﬁe r adi al
nead by the ther RRCRETTaCE. (O O 1 G SOCoRARI 5 by the. Cher mal
[ uctuat ool 1t 15, TB0RS! L6 500100 05 U €20 GButaLehy, P roasur od and
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



Moreover, in the present invention, there is provided a technique of using
the head conprising the read/wite elenent in which the wite track width
is twice or nore as large as the read track w dth. Therefgrqe, only the
Signal attenuation by the thermal fluctuation of the magnét APR 2889 di ng
medi um can accurately be neasured andjeval uated w thout being influenced by
.the thermal offtrack. Furthernore, in addition to the predeterm ned 2 6
APR 2002 - 35 head, by enploying a mechanismin which a head armas the

head supg rt menber, is msg)hani cal I%@Li xed, the magnetic head is

-fixed/ di gﬁsé‘&d@ﬁt&atyﬁé"p SIS i S66S1 eyt o hd hea e @ tfigce of the

magneti c recorditr}g n%gjum nd the nmagnetic ad is relatively noved to the
Fh& !

mai n sur F&0& Ton ST 1S (W FPaSEP AT S a9Te S &W&d 15e&hi oMiheg:
. y p T TESPeCt oot L ehi
The’r ead AR Y R Bt B B et A R s Hend ar ving

appar at ug o34 JTedi 0, dr eV idad AP YALMS nC AR D& STt Unized.s SQ L hal, the
I C Therefdre, the

projection to the éenvironnental tank is facilitate

measur emgR eand serliyaldaan Ar @ RAY laf PRSSY18 fled OW costs while the
external environnents such’as a tenperature are changed. Additionally, when

t he head sWhist-@ alced@l Yaitdllh Pas tlies% hamelteirCR A% Al 48 @S A d ead track
wi dth, the influence of the thermal off-track is possibly exerted. The

upper |i dayeirs Babsespeei/aldeyd [liaWerd@dr yBitlalt hawiidle diagdkereidth is
preferably of the order of twice to five tines as large as the read track
wi dt h (howeveol tlayew/isted raglenw dtulysits apreefserablly y2 rv/crmstralnore to
mnimze the influence of the thermal off-track), because the influences of
t he ther partdfcilet diareded conérodf flateadkadean leaeur elspbarid agenslesticel y be
avoi ded. The width is also preferable with respect to the bal ance of the
head. BRIEMSPESCRSPRLONACEITHE BRAVENES copt@oApRrayepZmagsetimig. 1 is a
partial sectional view of a magnetic recordi.ng nmedium according to a first
exanpl e SEYERe 5p@§éﬁptpﬁyéﬂ§¢éﬁ_partlcle 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



Fig. 2 is a table show ng the properties of the magnetic recordi ng nedia of
‘exanpl es and conparative exanples. Fig. 3 is a table showing the properties
of the magnetic recordi ng nmedi a of exanpl es and conparative exanples. Fig.
4 is an explanatory view showi ng the action of a seed | a8rARK 20pe present
invention. Fig. 5 is a schematic diaggam-show ng a magneti c di sk accordi ng
.to one enbodi nent of the present invention. Fig. 6 is an explanatory view
showing a relation between the filmthickness of a magnetic |ayer and the

i nfluence O&JE%E&ﬁa% &!%gtuati n. ﬁ%gi 7 i,s an expl.anatory view show ng the
entire cORETHUGOR O CHREARIT S 95 209 g A dr st ESst t he

present itr\)v\ée%txj: %reFil%'yesrsJ; S n%%rrr;[aigqet%%mfji%n%l, \éinec:%lva(%lf a head/ di sk
nechani sm secti on.
intermediate layer formed of a material different from that
of the nonmagnetic film is interposed between the
nonmagnetic films.

(Constitution 2) The under layer for adjusting
the crystal orientation of the magnetic layer is formed
between the seed layer and the magnetic layer.

{Constitution 3) In 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) In 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) 1In 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) 1In 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



Fig. 9 is a plan view of the head/di sk nmechanismsection. Fig. 10 is a
front -view showing the read/ wite el enent structure of a usual MR head.
Fig. 11 is a graph showing the result of signal attenuation neasured by
using the predeterm ned MR head of 2 6 AP R 2002 - 37 ezt$1e resent
invention. Fig. 12 is a diagram showi ng the straight lin i #82i on of
.the graph of Fig. 11. Fig. 13 is a graph showing the result of the signal
attenuati on neasured by using the usual MR head. DETAI LED DESCRI PTI ON OF

THE PREFERRED ENBQDI VENTS %u eti ec g%itlng di u %nd a thernal

St abi |19 ERs GG A b n 1 B oSBT AFdrit Gif Wil [E0T L
CoHf, CoZr, NiTi, CuZn, AlMn, AlRe, AgMg, CuSi, NiGa, CuBe,
MnV, NiZn, FeV, CrTi, CrNi, NiAlRu, NiAlW, NiAlTa, MiAlHE,
NiAlMo, NiAlCr, NiAlZr, NiAlNb, and Al,FeMn,, and the
intermediate layer comprises the material containing Cr.

(Constitution 8) In the magnetic recording medium
according to the constitution 7, the intermediate layer
comprises a material formed of Cr and at least one type
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



further concretely be described with reference to exanples. First, the
-magnetic recording nmediumin which a nonmagnetic |ayer is disposed between
at | east one pair of nmagnetic layers will be described. Exanple 1 As shown
in Fig. 1, the nagnetic recording nmediumof Exanple 1 9@ APRSM®® a magnetic
di sk fornmed by successively | am nat+ng2 a-seed | ayer 2, an under |ayer 3, an
internediate layer 4, a first magnetic layer 5, a nonmagnetic |ayer 6, a
second magnetic layer 7, a protective layer 8, and a lubricant layer 9 on a

o s SUBSt ke chneThs B S IDSRSeS 3 SRS, ,50m cel Ly

rei nforc 0Si Ficcat'e P67 - pol i shed to
rovi de f. roough S Rggﬁ = n =_04,3.nm, . The ed .l ayer 2
Eonpriseg'ogl%rt ?Eﬁegh#% ?ﬁ%nﬁ@ |Iﬁl%%ic§n§§s§%?089éﬁasgpéﬁﬁ)F%%dgﬁgﬁgnalIy,

this N ALoLRIAvEI Ie0 e qaNshiihuhededl, a reQmRRSkiir@n L3t iQ @ Nsing 2 6 ApR
2pp2 - 38 50 at% Al: 50 at% The under layer 3 is a G M thin firlm(film

t hi cknesshelQQ tanaeldiaf®) 1a3R4 betiezROTed hHOneRBAREE ct e 16l Stkdle Structure
of the magnetic layer. Additionally, this M thin filmis constituted at

a conposipkir@n cllat ida aglet@r: 96 tati%utMon bF &h¥ nibmeever.ict Fa limnt er nedi at e
layer 4 is a CoCr thin film(filmthickness: 50 angstrons), and is disposed
t o enhancertneel on ¢hicatsieen dfyEraxtiss refduicke .magheni ¢hleayede rAddilti onal |y,
this CoCr thin filmis a nonmagnetic filmw th an HCP crystal structure at
a ratio ehdCshe6hagn®tiCr 1la¥srae¥e Eachedf, the piarstcdedddeven@magnetic

| ayers 5, 7 conprises the sane filmmaterial of a CoPtCrTa alloy, and has a
filmthi €ikrégdbat ipR0 ofnddter sumsie rEddArc gmdema sk tds, lRtyerCis Basef t he
magnetic layer is as follows. Specifically, the first nmagnetic |ayer

cont ai ns feguces.5 Mogeoper, g vhen nor Unperafgylmrds Fosmedy, thige second
magneti c | ayer contains Co: 71 a%%;,Pt: 8 at% Cr: 18 at% Ta.. 3 at o .
The i nt ePREGHSLE 8 tE Tp A Sdt e Tt FESf MPYRShaGndPYETl dfer 5 and t he
second nagnetic | a er 7Tjs afCrNhC %%inéfilnl.%Elglt%&%knessg 30 angstrons)
and the E6TPostANST I at T8 TS TEFS 9 F G5 ISPGF 2O Ob0 C&CH° SEV G Y05 at %

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) susceptible 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-(BB — A3), and the particles with large particle

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



The protective |layer 8 prevents the magnetic |ayer from being deteriorated
by contact with the magnetic head, and is constituted of tw |ayers, first
protective | ayer 8a 2 6 APR 2002 - 39 and second protective |ayer 8b
lam nated in order fromthe side of the magnetic |ayer. 2ZIhepRij

protective |layer 8a conprises a O filwith a filmthickness or 50
_angstrons, and forns a chem cal protective |ayer to prevent the magnetic
properties of the nagnetic |ayer from being deteriorated by oxidation. The
ot her, s d prataective . 0 i,ses .a Rydr filimwith a film
t hi cknesg(ctg‘fré f%&qfﬁ'gﬁarggl&s&%% Vglaar;c c'hp?}o%\r/i‘%]ge rlgssolrlsatctae(rgllcc ?et%%r}lv\%ffrﬂ%e

| ubri cantg;layan 9 .comyH=Ssesf |iquid lubricant of perfluoropolyether, and
this fil mlr%bdéer)at es the contact with the magnetic head. Additionally, the

filmthickness i ssdyangsidong, vhdraidichgfe tmnufact Wdig & tic disk
constituted as descri bed above will be described hereinafter. First, a

mrror swheaacedRMmyer 3.2 d¥AstRa i dMbwovas hyred H)e oy .ecigrl y
polishing the main surface of the glass substrate Z chenically reinforced
by i on exairdrge.ofSukseqguenitdiy, filesseath ayaret2 taunder dmayerred, such
internediate | ayer 4, first magnetic |ayer 5, nonmagnetic |ayer 6, second
magnet i c dsayédrreg, fioust, protidotd,ven ayars i8kradndns edoriheprnatagiitaole | ayer 8b
were successively formed into filns on the main surface of the glass

subst r at @ULRWE S, n-Avieie Eidutnce MnRpe rHe sseadd @ 12 keunder | ayer 3,
intermedi ate |layer 4, first magnetic |ayer 5, nonmagnetic |ayer 6, second
magnet i ¢ AV Spadad of idkauip tdrE® ihiy 9y St gRMEME g dat lah at mospher e
of Ar gas where the second protective |layer 8b were forned in an

at nospheP& Soferabl & TSR Adts, Brafdicala gt andpoing 0 Marsavifte ddfes .
Subsequently, the second protective |ayer 8h .was dip-treated with the
Ui d | OB SERE dP s g SRR Tt Py he A (e A S o

t her eon, .t herehy aqbt.ainin he neti.c .disk. Far t surement results
of coer cil\?é/ o:lcse,l%%ﬁ%roa%%,b nofatt r%%ao%t ﬁn%e(?aggfg%i c disk, the

coer ci Venfo%r%%n‘@ecsicsaéﬂﬂs;‘%gﬁ%a%mz%(}omg?:elt e vl 1At g nas 29.5 dB, and

PW0 was al so "sati stactor t nsec. Moreovéer, the signal attenuation

was -0.08QrgdR/drcade.r il KT 90 rale MU it 128QG rAddit igpRldon the
coercive force, S/INratio, PWO0 were neasured by the foll ow ng nmeasuring
net hods. che dfgRTWEMBN rife AR tGORY alhee JryistR ICHIWtIe Gt aid ing a 8 mm-
sanple fromthe manufactured magnetic disk; applying a magnetic field
towar d t herfidgmetird add;m.andiheer frdrenen g mee adireaTet natrea lneparaurafext er nal
applied magnetic field of 10 kOe by a vibrating sanpl e magnet oneter VSM
Fur t her mooeymatdne triec dridineg  rdeed badde rmetdiustt ends: yegasisr edcdfygralslivng an MR
head with a magnetic head flying height of 0.025 Vim setting the relative
rate of tHSPVRSedE: AREN Hh e et ldis hangeprafise i lame neldsditidfy t he
recordi ng readback output in a linear recording density of 346 kfcl (the
li near r&&Gdi nederidia ypWiPeeFfod BIFS Bfr NHERIN e e tife Toi se

spectrum dyri,ng signal recording regeneratio neasured by a_spectrum
anal yzer Ty SOUETIPL ALk HAFHT GRIOrE RS 67, 6 WY LRF o AREactiifont band

to 76.3 I\él}lz'mo-@ee ll\a/1|§/ehresadofl sneodnnlxarg;r;[e e:Lc I lfr{se,rr%rclatweh dr ,a itnrs%cekad 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 nonmégnetic film-intermediate layer-nonmagnetic film

described later in the following embodiment, further



2 6 AP R2002 - 41 wdth of 1.2/0.9 ~.~m and a magnetic head gap |length
of 0.27/0.15 ~mon a wite/read side. Mreover, the PWO0 (the nesial

magni tude wi dth of the isolated regeneration signal) was neasured by:
extracting an isolated readback signal with an read/ wite & é®RegfBUZI K)
provided with the MR head for the PWQ4neasurenent; and neasuring the wi dth
.of an isolated waveformin 50% of the peak value of an output signal to the
ground (0) as PWh0. Additionally, for a high recording density, a snaller

e same Merediere, Tl ARG O R HR e i L Nhen the PABO
is large,; j t I —.9[??5! j . fere w ach _ot.her,..and an error
appears &Sﬁ‘?n‘é@gaa I nglsa%é%e Sl gqﬁqﬁglrgr_ﬁﬁrlsl%v(/ava\gqf%:?ﬁ |mr‘13_t Y telrcencl m=

det eri or 4tQ% r&fe Al 1ra%1eer-nmn%1g@féctqscs'giqfn@%otrﬁ%ﬁ%%ttti'e"%ﬂfm-PV\Bo to 23.5

nsec or less. Furthernore, the thHermal fluctuation properties were neasured

as fol | owst efrinfettia taN 1aG1d MH B SBINEN G iMHEN PSR as 2 dNPct of an
activation volunme (v) and a saturation nmonent (Isb) of 'a magnetization
rever sal mirei MoNnayre tias fiahey! afred riye dhie 1f lawet yatlio R Higdnd (Hf ) obt ai ned
by Waiting Time process. In the Waiting Tine process, neasurenent is

per f or redoas tfidldtdwsy darha noenmeretd aregnet imzat iven tder san@@asur enent, Hr(t)
i s neasured by successively changing the waiting tine . 2 6 APR 2002 - 42
of a maguétfife rfeingl.d. SThre lsedsur émeritwcc enpmioses i npleamieny attlee laiygte r=§ nm
sanple onto a sanple signal type magnetoneter (VSM and applying a

suf fi ci efttiey Magegd agoging id lmgidtdka efsiselapnisd: itthvd is@melash appl ying a micro
negative magnetic field HL to renove the nagnetic field;, neasuring a

r emanencérEFHOGIAEE FRVOE MEYd Pegdile SEEIey ioFg € eFesitti ve magnetic fiel d,
applying a magnetic field H2 |l arger than HL to renove the magnetic field,
and subsequent | y TR S 4 difiemmeghiate d8YeF L thee simil ar

operation is repe&ate reach resi ual ma neti zatiqn M.

(%.lintil M i .a i dual
bt ai ned "CRAMEINA 1% P8t 8F (F&165t &in ITHE LT ERARI hegTEiSFEti on cur ve.
The val u he fiel N M= i fi_ned . He (r.enanence coercive
force). %6%2“5@3%%&&% tnﬁgmsﬁﬂtgicer%l% qulrdgeg: f)ctglsei tli%\%éerrr{lﬁgﬁéatt’lec field is
applied t e s § i et i.el i | for a
wai ting tl?r%riéf & seggolngﬁ ,“*"?”H?%?é&ﬁ??%@ PEC e éeg‘tcﬁjesr? l?’ee%g’\eg&?gand t he

resi dual pag@netiezaldon WYl (Rkndgh JrEasyiag (GWdhenmes, Wagnresidive _
magnetic field is applied to the sanple, the negative nagnéeétic field H2 is

appl i ed flayeld Feeardson e emBgheiiediialed layetrhercba@avedthand the
resi dual nmagnetization M2(15) is measured. The neasuring operation is
r epeat ed atretrialgeMcrl/s)k adqpalrs itthie Kesinditalr , magee tredatkliag Nharteeiohtai ned
(H, M(15)) is plotted to obtain the residual magnetization curve for the
wai ti ng tiheepefrtlislsecdrdetethaidtrdbmeiiom.M = 0 is defined as H (15). The
simlar operation is repeated for a waiting
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



- 43-2z5s APRz~z tinme of 15 seconds, 30 seconds, 60 seconds, 120
‘seconds, 240 seconds, 480 seconds (8 mnutes), and the magnetic field
Hr(15), H(30), Hr(60), Hr(120), Hr(240), Hr(480) in each waiting tine is
obtained. Wen this H(t) is plotted with respect to a tfeAPBgagd t hm (I n
t), H(t) linearly decreases, and the2thermal fluctuation field H is
_obtained by the inclination dHr(t)/d(In t). FromH obtained in this
manner, vlisb is calculated by the follow ng equation. visb = kT/Hf Here, k

denotes Bol t zmann' s .const ant, (1. x 10-is. erg/ k), and T .denotes.an

_absol ut e T8 S By e A i el T O R A used
?hzovgl 5. éj(g‘i\;ﬁe r._ e(% i;? .tlt}[gi %’}1“;@&&! on IreC ertsatl of the Heee %
magnet i c%ayer, an@"{/ﬂ ;Eg{@ob ai nedf]by rrur?tl g]ayl ng 't e v\glaume }bey S

saturati : ' e} - ' r{%gﬂeett-i rggrgqiﬂt ount he m ni num
unit of t elrgarrag{glﬁté#l aéti?%na(%lg%)erds%lgﬂ%br overl,cciln ca cetﬂasrar%tvc:nt%n%mu/ KT, v
and Ku need d aie Jpasiied, Rt thered s @hd i an ofsdib& k! sb) /2, and
the follow ng equation is cal culated by further assum ng Hco = Hk/2. vku =
VHKI sh/ 2 1 od tsidtkd gh et I Shrdase Heres  died denatasd coaldrias, d0r gandie before
the coercive force He is deteriorated by the thermal fluctuation, and is
coer ci ve they caantde o iodi veaIf Ay eohifsictarhiined, rmeas widnerdhidime sy df- 9sec.
Mor eover, Hk denotes an 2 6 APR 2002 - 44 anisotropic nmagnetic field
owned by thee du rdlnog Wt b ddvbiagmlret iaidaored evartsalhe amdiad s ldenot es
an activation nmagnetic nonent. Since Hco as the coercive force He before

t he det erdforCat,i e dfhadoerhsd \ax dagiereHal rinr etdee tdfertred Hfdnictala isdreecannot
substantially be neasured, Sherlock's equation is used to calculate Hco
from He &¥d thsp.ncmeassherf ddie oF illan thsl linefspradithe € eqddtdvorratependent
on the measurenent tine of He obfained as a result of mcro nagnetic

si nul ati GIf SERFSS9Epradsbrithd H A el s Hemsayed 1-{ (kT/vKu) In (fot)
0. 735} Moreover,_when the above-descrjbed assunption of Hco.= Hk/2 is
taken,  the equat|Dh TR° iKRTTRY HY 161 B, e/ i degyate film

(kT/VISbtﬁﬁﬁlgﬁJéﬁQéW%é@%%d between the under film and the magnetic

layer as occasion demands, preferably in the position which
abuts on the magnetic layer. This intermediate film 1is
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



Here, k denotes Boltzmann's constant (1.38 x 10-16 erg/k), T denotes the
‘measur enment absol ute tenperature, fo denotes a vibration (fluctuation)
factor (10 "9Hz), t denotes a neasurenent tinme (600 sec), and vlsb denotes
an activation magnetic nonent (enmu). Since the val ues ot he? 6t WBR g0 are
known in the above equation, Hco can pe ebtained by perform ng nuneric
.anal ysis/calculation of Hco. In the foll ow ng exanpl es and conparative
exanpl es, the coercive force, S/INratio, PWO, signal attenuation, and

KuV/ kT are ured b d on e above-descri bed ne ri t hod.
- Conpar at icyg%}r‘rﬁlé’gl FYE st M frt?rnr‘?i?d afs eg"ﬁnﬁ'\ Q]ar manner as

in Exanple L S8, APR 2002 - 45
o e of Beas PR e %Blreheﬁ%éi”a e T P Ao ere B, Sb 6 at o)

( Conpar a E@T@ ) |veforce S/N ratlo and PWs0 of
S GAD, Soraeey ST R

the magneti ¢ disk were rreasure ercive force was 2300 Ce, the S/N

ratio was 29.5 dyhdhe RVEG, Mas, &3 & Nsefoh alshrAdh did not m ain a

satisfactory result. Mreover, the error rate indicated a vaI ue as
conpar ed 1wistsh txeamlod Jand\&rmr tHN e r@de et Q:'Méatddé'}d&a;% 30

dB/ decade, KuV/ kT = 80 at 100 kfci, 60C. Here, with respect to the thermnal
f 1 uct uat iien uprdepdtaas, ltaheyehi gherercagrecinianf amde kne spr efixeerbise.55\0hen t he
value of the S/INratio increases, the noises are preferably reduced.

Mor eover anigtse romed, | érh P\ s(thedl foarat iwd eniddtaimetfe i soldateed triedener at i on
signal) value is preferable, and it is said that a difference of about 1.0
nsec prodieaes tg didifsdradue ish afodthel ®r@gdneshiz. (MAen intvg esisgnalthe
attenuati on decreases, the thermal fluctuation resistance is preferably
enhanced CrSSEElf IR HE L K PHRE L BH G & her aleleap|fe IrEaaefiogs thet o 5,
Conpar ati ve Exanples 2 and 3 The nmagnetic discs were formed in the simlar
manner afdgRebiSnHAYer, ASeSIstE ”t‘ﬂé‘[ ltnﬁ’éeﬁslem PRI KREs 199158 he nonnagnet i ¢

angst rﬁnﬁfnf%y%bﬁfyﬁa ndeiy 3 ""riis”"”s e oms( Exanpl e ).
3 angstr Compar at i ve Exa 120 ang: ms_( aratjve Exanple
o C(k eS/nﬁ glne J1‘5\/\%&%113 §iv: % VG %gln (S(ﬁg decade),

?V/I‘T’e ](c:oerm e orce %0 s .
u o] S Hh a table
of Fig. 2l %Sg:ﬁﬁlaré%t TFBl céﬁlé/ta 1620 % %&%e %IC% thhL Qﬁ(wﬁr?fess of the
nonnegnetdse daxer frdd MCHe dyefigfaabl y in a range of 5 to 100 angstrons

in view of the coercive force, S/IN ratio, PWO0 magnetic properties, signal

attenuation, and KuWHd dhesered fdwaitiadd Omas Reyadiased i tHy Conparative
Exanples 4 to 7 The nagnetic discs were formed in the simlar manner as in

Exanpl e Lonestdepit itdmts t e o miesidtonipefi dthe Mewmgnetddudtaysr, Ghef
CrMh2Co.05 (Cr: 97.95 at% M. 2 at% C 0.05 at9% of Exanple 1 was changed
to Cr Mo,£SCm dihi(c®Bmes30.of0 tdtedsi e rne b ate)yl a@e 10.1G1 patefe raBilanyjlre 6)
CrvnSCo.oi (Cr: 94.99 at% Mi: 5 at% C 0.01 at% (Exanple 7), CrM2Co, 1
(Cr: 97. Famoss Ah:> Xt act)gscrrpr@t% SEecifplaa 1d)y, GhmChes fidm 97.5 at %
I\/h2at%C05at%(Exa le 9 OrCoz(Or:998at%C02at%

( Exanpl e thgckngswh2 i Ghe 981teﬁr%e te 2laa¢er%l)s (1&§r§pé:rhz§‘tri Ve Exanple 4 ) ,
CrMn2Co. 55 (Cr 97.45 at% at% C. 0.55 at% rrparatlve Exanpl e 5),
Cr Mho, 9C@“<9‘St(r®ms'99“599 ’%ﬁ]% %lrﬁ%%{%”@ té’ebfr e i Epdative Exanpl e
6) , and Nh6C0 0l (Or 99 at.% t % at, nparative
Exanpl e #1.¢ APEESEG Ve ﬁlgi&é:or@tl\}trux}ln@ ¢ sﬁ%joqﬁfyetrhés@ gnetic di sks

are as S@%M%lfléﬁ}e%ﬁéa&gpégiiaé%r 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



Exanples 11 to 13 The nagnetic recording nmedia were forned in the simlar
‘manner as in Exanple 1, except that the nonmagnetic |ayer (crystal particle
di aneter control |ayer) of 2 6 APR 2002 - 47 C MCN(Iayer thickness:
500A) of Exanple 1 was formed between the substrate and t?m%@l ayer
(Exampl e 11, Fig. 1b), the seed | ayer2was constituted of #s and the
.honmagnetic layer (crystal particle dianmeter control l|ayer) of CMC(Iayer
t hi ckness: 15A) of Exanple 1 was formed between the seed | ayers (Exanple

12, Fig. , d 15 % of __Mp dded h ial (v 2 , C
FpsT o0, At Aol M e IS g e 22t ©
particle ig"t@%%?& agt%nt&:a% é\lq%lgcrsl)e fa%fe sExaLrH%I %f’k/ s(t@iaﬁl & 1%?1]2e R‘rghe e( onmagneti c

| ayer constit ried i n an-‘atnospheré o : 20 ato)

m xture %%%le%qu:iidl'é |18 pflt %fiis'tgfimitomelo@a@cﬁn%t X gfe%&qra%qg medi um of

Exanpl e 11, further disposing the CMWMC | ayer undéer the-“seed |ayer, the

crystal eoneRlgdtar FiaReritiaeatfe t e dBIREG JdeaXRldERa11§ enhanced, and
as conpared with Exanple 1, the S/Nratio and PWO0 val ue aré equival ent,
and t he qeeneiased.orce is enhanced by +70 Ce. In the nagnetic recording
medi um of Exanple 12, by constituting the seed |layer by two |ayers, the
grain growt h of tlhe tdeecddasmmrt (INVnNtien, rdd hidsed;i Bde wuppare | ayer film
fromthe second seed layer is finely divided by the nonmagnetic | ayer of
Cr MnC, amdnistd tRWS®nv dl,uehies iriempfagria trreduged Ipred ek atdgr camgriimersoved as
conpared with Exanple 1. Mreover, in the magnetic recordi ng nedi um of
Exanpl e £3e sionsadned ieatiatierdadi tih itdhe imggneieisc thay semes cayisdaded, as
conpared with Exanple 1, the PWO val ue is equivalent, the coercive force
i s enhanE&FUSFUre? 36 AR DA they@onmened icardd lithe 18/ RT@€scticbed above, as
satisfactory result and the thermal flu satisfied. As apparent ratio is
enhanced SBaR§e3 T8 CAY'S z?rré’d’% EREHISENEE U@ ET i s obtai ned in the
magneti c propertifans, ~et uarteisonn reisnivset nce is su efsicci. r(latC{ y.rfrt rre1the t abl e of
Fig. 3, the nonmaghetl% Hayari AT HIBY Bt |n|In‘g° at 1east® o and C,
pr ef er abl .al | cont aini ; ook g%g t. of i referably
in a rané%m%&l%.u&%ﬁno%g. ? at g%tar%let lgr%%o% r?twg)fr tf:%s%l e glrpé:éls%sl n a
range OftQESHEQeﬁi%hoin 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,



Additionally, a X (X M, W Ta, V, Ti) alloy may be used instead of Cr.
‘In this case, the content of Xis in arange of 5 to 30 ato. Mreover, in
t he abovedescri bed exanpl es, the nonmagnetic |ayer of the alloy containing
C and Cis interposed between the magnetic |ayers, but thé AR mgnet i c

| ayer of the present invention may be2@i sposed under the substrate-side
~magnetic |layer. Another magnetic recording nmediumw || next be described,

i n which between the nonmagnetic filns constituting the seed |ayer, the

i nt er mediat yer. e ial,different f at of the

- nonrragnetl\?icpﬁlAa@eﬁ\hl]{sﬂlg%’?ce{\}%ls%}d]’. @%]Feripﬁ’e I\]LJgAjﬁl\ssb’shaor\lA% %%rp i 61.2'5, t he
magnet i ¢ ERAI 0 LR 4 L eppd L £ AR S5, tic disk
formed by successively ﬁ;ﬂn%l%tclﬁ]%g thea%éere ayer ZJ{Z)Y under JI%i/er )

i nt er medingi & } AYercdht SBUNES I €r | ayRbove PIOLAGIAVE dAYE! Bin1r2 HrdPR 200Z
- 49 and lubricant layer 9 on the glass substrate 1. The gl ass substrate 1

conpri sepAdre e aaddaudei tOrenps ©d U nesi d 1€ ad Sargd 888, caNhd he surface
is mrror-polished to provide a surface roughness Rmax = 3.2 nm Ra = 0.3
nm The sgeddayein® Toi@rasest iowe f fyet SoOf rédudind iddn 2ds angl rddwy film
23, and an internediate | ayer 22, disposed between the alloy filns, for
interrupting the Imysital pgessht oOfivéheiah) oysfiddseRibed henathey film21 is
an NiAl thin film(filmthickness of 300 angstrons), the internedi ate |ayer
22 is a Congthitufidm§fithe tincdamesdiafe 30 wgrofm)abandanmer oy film
23 is an NNAl thin film (filmthickness of 300 angstrons). Additionally,
the Ni Al &hfi £7idkonsesnted il $hend |3y ¥9ash 2nort e iseketisidtuted at a
conposition ratio of Ni: 50 at% Al: 50 at% and the CWthin film

const i t uti 4R tHe | PR B HRRCB Mo s Codbt iand etf at B iconpdsi tion

ratio of C: 90 at%, W 10 at% The under layer is..a CNMo thin film(film

t hi cknes© 9B angst Homed ,O‘é%'aﬁ?%c@rk%epqd)s(éﬂ 5 ¥haite I‘E%tecrblr%t%ﬁ structure
of the neeti C eI ayer J:I'Cgli s O l\/bdt ailnegsi Iirg i sotco&séei}iu(;t ed a aonclorrposi tion
rati o of YA % %: "T" &t 9% reovert® the in errredrlae’layery4isa

OO Ll AL b AU ) AL, dspased [ enlance
thin filmdmsanouaaneiehdid Ms 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 ats%.

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



2 6 ApR 2002 - 50 wth an HCP crystal structure at a ratio of Co: 65 at%
Cr: 35 at% The magnetic layer 5 is a CoCrPtTa alloy thin film (film

t hi ckness: 240 angstrons), and the contents of Co, C, Pt, Ta,are Co: 72.5
at% C: 16 at% Pt: 8 at% Ta: 3.5 at% The protective |ay 884P|@réﬁﬂ£ents
the magnetic layer from being detertrofted by contact with the magnetic
_head, and conprises a hydrocarbon filmwth a filmthickness of |00
angstrons. The lubricant |ayer 9 conprises a |liquid |ubricant of

perfl uor I lte AN [ [ rat.es. t t with the magnetic
g, AR e It e % angat P i hod of

manuf act WieRg ithe MpgRetie dirde GanHhi Wead 4% 4834 b@x%qttq%a\%ﬂy, next be
described. First, the mrror surface (Rmax = 3.2 nm Ra = 0.3 n was
fornmed bytpreeciesinemel issiimnad ke iy udage iofed g glRss Suhstrate 1
chemcally reinforced by ion exchange. Subsequently, the seed | ayer 2,
under | ayer 13ss.nternedi ate | ayer 4, magnetic layer 5, and protective |ayer
8 were successively forned as the films on the nain surface of the glass
substrate 1 by tHelditidneel lgputirertihey. alSubsetpeentibed tnieeyrpratect i ve | ayer 8
was dip-treated with the liquid |ubricant of perfluoropolyether to formthe
| ubri cantrelcgyaiing miesiiawn oft Hdreelpresismdi dinvgnthienmadihet isabditslate 2 6 APR
~pp~ - 51 For the neasurenent results of coercive force, S/Nratio, PWO0
of the oPFf&ekd@ lmddgnétc PR culife lovdrigihieS.or d@ tiveX P0G 02 aridhss
satisfactory, the S/Nratio was 29.43 dB, and PWO0 was | 8. 78 nsec and al so
sati sf actSHPP.L fRbFeofe Cr YSié lddtasst Hidgeals WRStedtari 67 Wdigums dB/ decade
at 100 kfci,, 60C, and KuV/ kT indi.cating the thermal fluctuation properties
was sat i éﬁ&é’tyorsi‘ﬁ"%?tff&e'Hé”r EETHTTS SIPEHT A 't Fe ORI FASTTETE i on

resi stancge,_.th i gher rcive fqrce i, referabl e. Wien the value of the
S/'N rati% isﬁ&rlegge%,u%tsﬁg%ﬁt&’sggldaggeprléﬁ(gpacﬁlny br%eélljc’(:eéid, and it is said

that, for exanpl g, | f.f & qf t 0. B.pr i rence in
recording density nofadggboyafdg. G%Gb/ei nc 2.ng%¥%éérranfjlée¥}j %&%ﬁveg%%ﬂcetei S
preferabligyeaid ont, itheSHGridtal a difif alence %xﬁ%‘i%tl a316 nse@ tRipduces a
difference in recording density of "about 0.8 /inch2. The smal | er out put

signal attenuati gikdnfp ldLfer atlee mafipit tdhe Mal e f1 eeV/dak | ncreases, the
thermal fluctuation resistance is preferably enhanced. Specifically, the

val ue of mluWekTd Fipmef eradblly Qdnemimine. Co Addiht iaenaldpt, degrgoercive
force, SINratio, PWO, properties of output decay, and thermal fluctuation
CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt, CoNiCrPt, CoNiCrTa,
CoCrPtTa, CoCrPtB, and CoCrPtTaNb. The magnetic layer may
be provided with a multilayered constitution (e.g.,
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 an 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



properties (KuV/kT) were neasured by the foll ow ng neasuring nethods. The
measurenent of the coercive force conprised: cutting the ?Jﬁmg Sﬁﬁfle from
t he manuf actured nagnetic disk; applying the nagnetic fie £60ed0E t he film
surface; and perform ng neasurenent at the maxi num external applied 2 6
APR 2002 - 52 magnetic field of 10-k&® by the sanple vibrating
.magnetoneter. The S/N ratio was obtained by neasuring the recording
readback out put as follows. The nmeasurenment conprised: using the

magnet o est-2t kuephead, (VR head) uiLh o2 TRoBeLhenkead Ly hadnshall of 0.025

-~.~m setting the relative rate o VR head and e magneti'c disk to 10

n sec; apgipeasHtbigihesiegosdi By, r eaghbaske put puit &Q%ﬁetiaeﬁé ggcording
density of 346 kfcl (the linear recording density of 346000 b|¥s per inch).

Mor eover malyh@sBokse i8ppthhenoduieng ishdnakcbeaandi fgrmagenerati on was
measured by the spectrum anal yzer by setting the carrier frequency to 67.6
MHz, and the neaSteerenttctandet Aafer3 Mz thEhaudRikead Use@r rahhe
measurenent had a track width of 1.2/0.9 E~.m and a nagnetic head gap

| engt h obe0f27mBdlbnEtmeonaghetici tefeeadssiodeasThe BéAndas neasured by:
extracting the isolated readback signal wth the read/wite tester (GJZIK)
provi ded with t h&hgRpi¥edecftdvet Ra yRWh A sndasmeghdior; taed pveassei ©f t he wi dt h
of the isolated waveformin 500 of the peak value of the output signal to
t he gr ouREOEEFtasIPPBe. MAdARLL6nARYEr faPM KEBChPgR treesiarngYdéRSi ty, the
smaller PWo0 is preferable. This is becayse nore pul ses (signals) can be
witten SHHFHStséﬁédéPan%iFﬁetﬁégﬁﬁFﬂﬁwgﬁﬁpse Wpﬁtﬁ?oéﬁgFﬁgeoﬁﬁgﬁrhand,

when the PWBQ is | t dj t pul i gnal s) interf ith each
ot hor . aFAMCRE SPPOFLABAEAr STt Eng Y Bharhg 0P EROTCHGnAFV TS | 26 APR

2002, SEralBIBEORE, HIRCEEBHRIGS oS30 BUED e oEr builhens TH
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 liquid 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



The neasurenent of the properties of output decay was performed as foll ows.
“In order to accurately evaluate only the signal attenuati by the thermal

fluctuation of the nagnetic recordi ng medi um w t hout bein ﬁdﬁﬂugn ed by a
thermal offtrack (a phenomenon in which the magnetic head deviates fromthe
track on the magnetic recordi ng nedi i by the thermal expansion of a head

. suspension, thereby causing signal attenuation), the MR head conprising the
read/ wite el ement whose wite track width is twi ce or nDre times as |large

as the read trac% wi_dt t% prepar, d and aced t he ad/disc mechani sm
_section A th8"sy8§tem’togethar oW ﬁctﬁ8C8§8ﬁ89.8e§%¥w 48 Fﬁe 48bt ai ned

Tagnet | ¢, g6apAkag H@qualtguasgggggk kb8 beadldlsk -aechani smsection is

proj ecte n-envi ronmental graturé can be

Control | edj ;8098 pa%%qnbotﬁehhagng%neehaaur@leHV&ggpgﬁ@ttowﬁﬂe the inside
of the environmental tank is stabilized at a preset tenperature, by feeding

a wite ghgRakuk@ade, Mirheadgwei @ qebeMRBt af peBHatkeadhWHI £ a6k CUi t
section, the signal is witten to the magneti ¢ di sk. Subsequently,
|nneduatpbslaﬁbﬁrohhehsl@aghetscMﬂhybenbythaeswgm@b wilehkemn,to the magnetic
disk is read via an MR head read el enent, anplified in the read/write
circuit dettcohngantet hehteeasgned woiatshgnal teeakuatkngysebakl aradThe
signal eval uating section records the 2 6 APR Zpp2 - 54 anplitude val ue
of the readmehgnakndt campemingnthei meitet eigabl WhehsihraHesesalkeating
section perfornms neasurenment, for exanple, by using the spectrum analyzer.
For the féasalefencadenditicotibe ﬁhénaénpéﬁanuaél@ﬁ phetbgvimagnatacal tank
is 60C, and the recording density of the signal witten to the magnetic
disk is IGGOR#PBQ/mﬁéﬁumwaQSVéhermﬁé ﬁééélgééd Ph Che W@S§8Féﬁent is an MR
head whi ch hag a wite track wwdth of 12,0 ~tn§ a reag g mndt of 2.4
~.~m a ﬁFFPé @88 W&HQPW of Heéguéeﬁy alPEali*dhaf FEAGERMIFT ﬁ; and a

readIMW|te rt fl o

oot unt 18 Ee B e RE s8R, T R BT 4R e Thenaotay, EtéﬁenégﬁLF?L
noment (¥k§gk aﬁdkgeoﬁrgd%ﬁhﬁgﬁ PE ﬁ@%&bﬁa%koghgokgggk(é%s§9905h%n

saturation nmagneti zatl on magneti zat'i on reversal  m ni num unit

was calcehgtﬁgghgtagelgbggtUQBHOQhE'ﬁb@e&ékk Qﬂbﬁh@egfb¥PQa%E ag Tinme

process Vi ting Ti e process, neasurement is per orne as follows.

In the rBéb@@@bn”&gn%hbzébeBlCH&¥%c€E%%UB?”%HErm5E(Ekpb%s”%ﬁsured by
successively changing the waiting tinme of the nagnetic field. The

nmeasur eneatiseanBli 8estiphaeheghtha eubpodtNesdsrl.e onto the sanple signa
type magnetoneter (VSM and applying a sufficiently |arge positive nagnetic

field to the sanplcensapplutiing a1 cAd tregat istepradnetriepafrielgd aH1L to renove
the magnetic field; neasuring the residual magnetization ML; and again
appl yi ngmebeepoési riecerpaggetiediunm? conaAPRt2062 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



- 55 field, applying the magnetic field H2 larger than H1 to renove the
‘magneti ¢ field, and subsequently nmeasuring the residual magnetization M.
The simlar operation is repeated until M reaches the resQQuQ,J,R 9
magneti zation M. The obtained (H, M) is plotted to obtain the Poésidual
magneti zati on curve. The value of nmagdéttc field Hin M= 0 is defined as
_Hr (remanence coercive force). Subsequently, the sufficiently |arge
positive nmagnetic field is applied to the sanple, the negative magnetic

field HL. |, f [ 1] j. f . e t.he netic field is
-then r engvgg,%%%r%er?rhlé%;degﬁeg@a farnatgItrlée'trril%qzrgttll(J:)n% %ﬂ(%%%ksafls gr!rbtczaﬂsjﬁﬁerged.

Furt her Idd v ragnetd I s | i : sl e, the
negat i vgwﬁgaﬁétg"l%c&%?eeltﬂd cﬁ:Z I'S g‘%&p%q}éeﬂd'q%‘ %réci%@g.lcdoﬁ%s%ﬂ}“#ﬁnagneti c fieldis
then remaed/\and d ke dnesidusd tRINRL] Zatil O M1 e d-tBRF UIRA. The
measuring operation is repeated until™ M (15) equals the residual

magnet i zaidier MignEle whittddied d Hihe Magrckb)c i1y widedHo obtain the

resi dual magneti zation curve for the waiting tinme of 15 seconds. The H

val ue i n fdad /v ris ed eflignech taso HriHkb )ma ghitee: isd Mdeaal; opet alonpading epeat ed for
a waiting tinme of 15 seconds, 30 seconds, 60 seconds, 120 seconds, 240
seconds, W8t esedgmdsl (W8 th Miteesdgtemttbd e gregnetd cdlieilatdr (t18), Hr (30),
Hr(60), Hr(120), Hr(240), Hr(480) in each waiting time is obtained. Wen

t hi s Hr (tSignalpladieaiadiian rads jea magne tigersagadinchmeqdinm.) | Hr(t)

|l inearly decreases, and the thermal fluctuation field Hf is obtained 2 6
APR 2002 - 56 by(GoRstHet b i bh dHfE5Y R ITERY OFRFRMET B i ned in this
manner, vlsb is cal cul ated t%}lcf,he fol |l ow n%ﬁ?q atifon. vlisb = kT/Hf Here, k
denot es BEIGAtehih % NIl 8B Gt cb?%, U fnoteS arf

absol ute _tenper.ature (K) bei n@bgsracas red. .The activation vol.une v is used as

t he vol uM& 9% Fire HH¥H AR Fhi 1S et tiZRS ot FSAESHNDE t he
tic._|ay . | t ai b l$iplyi t. | th
magnet 1 € ey & Indr Vtascbea‘() chqi‘l)d}.lesgzc%%e J?Fria% | plying dshe val LE% bco ¢ ne

saturati on magn Zation net1 ¢ nmoirent ano the m ni num

unit of %%n%geatcjfrfﬂee‘ﬁ%{) £1, MY KWL nd MddiCnfal G Al P Of c VKU/ KT,

v and Ku need e neasured ut there i1s a relation of Ku = (Hklsb)/2,

and the frQld OWdkbaaUatd on dea SaloUl atedddnd withel @sppdgdeas Hk/ 2.
vku = VHklIsb/2 ="vlsbHk/2 = vlsbHcO Here, HcO denotes coercive force He

bef ore t heCoRliG WidfIde d e deigpldoratetdiditde Mdprumlardd ugidead i on,
and is coercive force He which can be obtained in a neasurenent tinme of
10- 9sec. wMireowarsc i idiEgtoties @an anicaotmop G adgneid a o ieltanecthdly t he
m ni mum unit of the nmagnetization reversal, and vlsb denotes an activation
magnet i ¢ wimitgnt . 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 magnetic 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



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 2 6 APR 2002 - 57 equation is used to calculate HcO from He
.and vlsb. The Sherlock's Law is an apgr oxi mat e equati on Jespé\HBeMZ on the
measurenment time of He obtained as a #ésult of micro magnetic sinulation,
cand is represented as follows. Hc/HcO = 1-{(kT/vKu)ln(fOt)~0.735} Moreover,
when the above-descri bed assunption of HcO = Hk/2 is taken, the equation is

modi £ i ed @S 1,01 o /i G 2 v odelck TS BHERIdHA Q) 10,735 B, & denot es

-Boltzmann's constant (1.38 x 10-16 erg/k), T denotes the neasurenent

absol ut e prlageariat Wigk,! Qrderotlgym tiidd Matd D’ didd ruGlivat ia0 e fcpGiare 107 9Hz) ,
t denotes a neasurenent tine (600 sec), and vlsb denotes an activation
magnet i Cc gt (Bitse wWiitee dridekvalidah dishewitdean Heddrar esknewyd n t he
above equation, HcO can be obtained by performng nuneric

anal ysi s/agalac Weatd arraafk Md@thAddi tieamalwnitd rithoe iftoldemiing dveanpices and
conparati ve exanples, the coercive force, S/N ratio, PWO0, output signal

at t enuat isorfunartd arherfmaie il cuatiogt iwon tgmgpeand esatdmng wfasursddngdsed on t he
above-descri bed nmeasuring nmet hods. Conparative Exanple 11 The magnetic di sk
was f or med tin e sfiefitl 40 rrhdraetBafpsi1R &ddap! @val wid nseed | ayer 2
of Exanple 11 was forned as a single layer of NNAl thin filmwith a film

t hi cknes$e6it 1600 RGTHRT G Gt 8D oft BeagPrissh R R aH& T der ci ve

force, 3!3{ tgf&nJ?N%% 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



2 6 APR 2002 - 58 properties of output decay, KuV/KT of the magnetic disk
‘were measured, the coercive force was 2800 Oe, the S/INratio was 29.63 dB,
PW0 was 19.4 nsec, and a satisfactory result was not obtained for the PWO0
value. Here, usually to raise the coercive force, a certg’g&?ﬁgree of thick
under layer is necessary. However, whé# the fil mthickness t 882 under
.layer increases, the crystal particle dianmeter of the nagnetic | ayer
i ncreases, and PW0 and S/Nratio are deteriorated. Wen the seed | ayer 2

of Exanplg.Ll g +4sed.e ncsi;e,s R0 GORIGH R nfm%rncttecxhlg s c%l?ltt%g.?lg% q\gg de

-mai ntai ning the PW0O an /N ratio. Moreover, magneti c

Conpar at i@ sExamRl &bk AN afRth 4 10k Ml @helhg ate as conpared
wi th Exanple 11. Furthernore, the output signal attenuation was -0.07

dB/ decadeouiaen 1k MBS Weaiita teardi t iToRs wofi th0@ Hfcqd waRd H6QE tad KuV/ kT
indicating the thermal fluctuation properties was 100 and deteriorated as

conpar edwaiitle Elemeine 1k 1Btapg ehb2 amd Cotpdr atfi wecExamplke whidthhe
magneti c disks were fornmed in the simlar manner as in Exanple 11 and
Conpar at iofe abxadiglad Ui rexdepin tofatt heh & rfadkmptdsiickioes © foft htehenargmgrteita ¢ | ayer
S5 in Exanple 11 and Conparative Exanple 11 was changed to 180 angstrons or
| ess. W\héavele @der dihee MoyedentSamouatti @ PWS0 t nacdpeoisiids oof igutthet decay,
and Kuv/KT of .the magnetic di sk were neasured, the following results were
obtainedﬁadiflsdAPRC%G@@ bysdhersmsle expansion caused by heating the

Coer ci veS/ NPWb0SI gnal Heat f orcerati o(nsec)attenuati onfl uctuati on(Ce) (dB)dB/d
ecadepr opERG é’é‘l@lE\%/rI?T Te

12265030. 91 7. 9- 0..05898Canpar at.i ve245030. 51 8. 9- 0. 07780Exanpl e 12 As shown in
Table 3, the i nfibrct GPSRN T HIFHRIE 19c CUa St b GRS Pt kabl o a5 t he

{11 m thi kness ahkhe MRINet.S ALSrlsRr 6358%e AR Hiengge.of the
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



signal attenuation (-dB/decade) increases between Exanple 12 in which the
‘divided seed | ayer 2 of Exanple 11 is used and Conparative Exanple 12 in
whi ch the single-layer seed |ayer of Conparative Exanpl e 216 iAPRugiezl. As
shown in Fig. 6, when the filmthickness t of the nmagnetic |ayer (M
denotes the residual magnetization)-(B86t-= around 0.5 to 0.6) (in Exanple
11 and Conparative Exanple 11), the output signal attenuation (-dB/ decade)
has little difference by the difference of the seed | ayer. However, when

the 11! mlckngse g g manel Jaer degregsss y(MF arqung 0.4 Lo

-0.3), the 0 e output signha enuation (-

et R eR e sy S e A den el B et (eur v

i nfluenceedly tikerfled  UGEHRIdPHRRE UMRS Jreitedt]i®red position on
the main surface of the magnetic recording medium, and the
magnetic head is relatively moved to the main surface on
the main surface, with respect to head positioning,
complicated mechanisms such as micro-positioning (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 pum 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




2 6 APR 2ppy - 60 Moreover, usually in the fine division of the nmagnetic
‘particles, the value of Kuv/KkT is reduced, but in the present invention the
particle dianeter distribution of the nagnetic particles is narrow and
there is little nunber of excessively fine particles suscepi APR 2002 t he
influence of thernmal fluctuation. TheBéfore, even when the magnetic
_particles are finely divided, the value of Kuv/kT is not reduced, and the
thermal fluctuation resistance is satisfactory. Exanple 13 The nagnetic

di sk was formed ip & he, sim r F&S?‘.ﬁ)' : o . L he
-magnetic | ayer 5 ﬂc:)hfé'E%arr}b eé %afv\?/;i;&feosr%éet 0 aﬁ%@tgﬁaﬁﬂéﬁrﬁ;&f%@r 51, a
separ at i NG A P dne ANy & SRHNhJBRANE! | € 4 AY &k 1aNdy £ hgy protective

| ayer 8 was forned of a first protective layer 81, 'and a second protective
| ayer 82.pyAddind analdntidrhe first and second nmagnetic |ayers 51 and 53 are
f or med ofpthe same material of a CoCrPtTa alloy, and both have a film

t hi ckness of 120 Bigst2 ons.a Foabldesiconi et shofpfapefiePtof Tehof the
magnetic | ayers, the first magnetic |ayer conprises Co: 72.5 at% Cr: 16
at % Pt: mBigaedicTae Q@ liatPimeatich tdfe eseouice sregribtdandayedrivonpri ses Co: 71
at% Cr: 18 at% Pt: 8 at% Ta: 3 at% Mdreover, the separating |ayer 52

i nt er posekaputhisen the first magnetic |ayer 51 and the second magnetic
layer 53 is a CMiC thin film(filmthickness: 30 angstrons) of a
nonmagnetic mat erf¥. Jnks thetTohpozhew iy the PpEreDhEes -oB1theatio is Cr:
97.95 at% M1 2.00 at%, C. 0.05 at% Furthernore, the first protective

| ayer 81 “@&ﬂﬁ'tilscesreé:‘?ﬁ'&qu MSH4eh of 91IRRIA T IGTEE SHPEHF Hitkst rons,  and
plays a role aof a chem cal protective filmfor preventing the nagnetic
propert i ee§‘a6ffp%IQr'Fe' magnetic |ayer from being deteriorated by oxidation. The
second protective.l ayer 82 J drocarbaon, fil it h filmthickness of
100 angstrons. V\?}Fel 'th{a lc%eérrgi%‘e&%/%r}%%?r%ﬁ?%t%&%gt,h%r%%%lr% es of

out put d . V{ kg t i i S asured, the coercive force
was 258062%2?éi t%%%/%gaﬁiéﬁm%%g%éﬁdg% %ﬁl\%{t\?ﬁ%ﬁw 1 nsec, and
satisfactory resutis Weres obt aingeh ¢ VO EOVEFam o PUIPUW B j@ttenuation
was -0.08 dB/decade at 100 Kfci, 60C, and the Kuv/kT indicating the thernal

f 1 uct uat i WreRY1d 8% Was Hes enidld isfant Ay ale Pre LA tiBAR dion Si Nce the
magnetic layer 5 is divided and the particle dianmeter of the magnetic

particle is reducedy e Examp eed@l adeot nfviencehotbindies medldt it uation is
easily exerted as conpared with the magnetic recordi ng nedi um of Exanpl e
11. Conparegtwessn Breaielnd X hiheknmegmnedi & disknataiss floryeed dnd tdiee sim | ar
manner as Exanple 13 except that the seed |ayer 2 of Exanple 13 was formed
of a si ngir-ugyare NifAIthdvime if ifluqiNiatiBat % Al 50 at® with a film
t hi ckness of 600 angstrons. .
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



When the coercive force, S/Nratio, PWO0, properties of output decay,

"Kuv/ kT of the magnetic disk 2 6 APR 2002 - 62 were neasured, the
coercive force was 2580 Ce, the S/Nratio was 30.6 dB, PWO0 s 19.6 nsec,
the output signal attenuation was -0.10 dB/ decade, and Kuv/?ﬁ?W§B 02
Exanpl es 14 to 17, Conparative Exanpl é8 14 and 15 The nagnetic di sks were
_formed in the simlar manner as Exanple 11 except that the filmthickness
of the alloy filnms 21, 23 constituting the seed |layer 2 of Exanple 11 was
changed tq,9Q, anasid amR {{coampar ati ve Exanple 14), 100 angstroms (Exanple
-14), 250 angstronms (Exanple 15), 450 angstrons (Exanple 16), 550 angstrons
(Exanmple 17), andr£00 Bngsd rONs; {Sumadiadu Mey BXad er dli)ht Then£oer cive
force, S/INratio, PWO0, properties of output decay, Kuv/kT of the magnetic
di sks weriéids dfaddilcowssf the graph of Fig. 11.

Fig. 13 is a graph showing the result of the

signal attenuation measured by using the usual MR head.

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 magnhetic 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:



Tabl e 4

‘EachTot al Coer. S/ NPWs0Si gnal Heatfilnfil nforcerati o(nsec)atten. fluctu.thick.t
hi ck. (Qe) (dB) dB/ proper. (A) (A) decadeKuv/ kTEX.

14100200253629. 318. 7- 0. 055105Ex. 15250500280029. 4418. 77-0. QEEDMQ%Z
16450900356729. 4518. 2- 0. 048113Ex. - 38 -

.175501100354228. 918. 0- 0. 045115Conpar . 90180221428. 719. 1- 0. 08085Ex.

14Conpar . 6001200350228. 617. 9-0. 046115Ex. 15 As shown in Table 4, the film

t hi ckness;pf %J‘eAl:ZSQ)A{tBO ~~8~ - 63 alloy film 21, 23 constituting the
-seed | ayer Zat%s' preferably in a range of 100 to 550 angstrons in view of

t he coercive foroghe SArNjélatié)%éf]Oj S£3 ;2 FVBE, MBaNet# 1 pr p&g%l es, properties
v

of out put decay, and thernmal Tluctuation properties (Ku . Exanpl es 18

to 20, Comiaaldase BERIes orand bhdihe maERiddd deksnnmic fafdred in the
simlar manner as Exanple 11 except that the internediate |ayer 22 in

Exanpl e ki ywas ICrdvr (dvhirel b fattd)e mewrhdthies fliidyad.hi ddreiss ofalihi,s
internedi ate | ayer 22 was changed to 4 angstrons (Conparative Exanple 16),
5 angst r diel S BExdipltenirB8)filkh 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: 50 angstroms),
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 at%.

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 layer 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 at%,
Ta: 3 at%.

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
atsg.

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



angstronms (Exanple 19), 50 angstrons (Exanple 20), and 60 angstrons
(Conmparative Exanple 17). The coercive force, S/N ratio, PWO, properties
of out put decay, Kuv/KkT of the magnetic di sks~were as follows. Table 5

Fi | mCoer . S/ NPWb0OSi gnal Heat t hi cknessforcerati o(nsec) att enua. QIBUQpN.Z&ﬁngst rom
) (Ce) (dB) dB/ decadepr oper. Kuv/ kTEx. +83275029. 2319. 08- 0. 055105Ex.

1915280029. 4318. 78- 0. 050110Ex.

2050285029. 218. 6- 0. 045115Conpar . 4270028. 819. 38- 0. 060100EX.

16Compar . 0285008, 810: 6: 0-040018, 2 8 AP 20023 B o £, shoun, |y Tabl e

-the film ness e inter Iate layer i s prefer range of

5 to 50 angsd rOpBLhd ﬁ(&&t‘(‘é@j‘.ctfﬁﬁf’?rﬁ?{%f9f§@’p1%%é@:{\;@’l££evl(5%}a\ll k)

properties of output detay, and er ma uct uation properti

Addi ti onaddnir 1 $&s | teF NediRt @i ¢ RYLr £ 280 (K WKW s 40, At 99 )aﬁ%%ﬁ@' e 11 was

al so subjected to the simlar experinent, and the coercive Torce, S/ N

ratio, anghdPV¥drmadh ceti @i sal | 5f e Of yvo al apsr i o theeFangeid 5 to 50
angstrons. The alloy was different fromthe CrM alloy in that the val ues
wer e constamet idieproes ct ves fof cehe 2B20h i c oA wer 2% WB.ndPWB0: 18. 6 nsec
in the range of 5 to 50 angstrons. This is supposedly because the CrWall oy
is a mt etdtdrivhoseedriystatidaoimh. properetitesr arseomid gasdt actchenged wit h
respect to the filmthickness change with the seed | ayer as conpared with
ot her O Yoy B ueemret & M2 dtydyocsapewi fickm Iwith herfl i thickreess

di spersion_in the magnetic properties and the productivity is stable.

Exanpl es 24 1P 2 IHer oy i o O T hERNGe the wiawd ar manner as
Exanpl e 11 except tha{ the filmmaterjial of the alloy filns 21, 23
constituting the SeRd 1RyEFaBt gfayfe 2xGAPPE. 983 hbh@et tbF IFRE (N 45

oo, AL S0 A Rk AR S AP A O (O 80 A T 20 M
Al: 50 atv%)tl'{ EBﬁi”‘é'rmlaegrgeﬂ‘gic leéaélcw ( l\}iddétoioarlxaol’lﬁl:thd'eS filzm 6thAiPc%n2eosps - 65
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



at% W 5 at% (Exanple 25), and NAINb (Ni: 50 ato, Al: 45 ato, Nd: 5 at%
(Exanpl e 26). The coercive force, S/INratio, PWO0, properties of output
decay, and Kuv/ kT of the nagnetic disks were as follows. Table 6 Film

mat eri al Coercive force (OGe)S/Nratio (dB)PWO0O (nsec) Si gnal2 @t'& %nua.

dB/ decad aHeat fluctu. proper. - 40 - PR 2002

Ar+H; (H:7%) mixture gases.

Subsequently, the second protective layer 8b was
dip-treated with the liquid lubricant of perfluoropolyether
to form the lubricant layer 9 thereon, thereby obtaining
the magnetic disk. For the measurement results of coercive
force, S/N ratio, PW50 of the obtained magnetic disk, the
coercive force was satisfactory at 2300 Oe, the S/N ratio
was 29.5 dB, and PW50 was also satisfactory at 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 pum; 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 carriér frequency to 67.6 MHz, and a measurement band to

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



Kuv/ KTEx. 21Ni Al Ru285029. 218. 97-0. 050110Ex. 22CrTi 270029. 718. 8- 0. 055105Ex.
"23Cr Ni 330029. 218. 5- 0. 050112Ex. 24FeAl 260028. 819. 0- 0. 050110Ex.

25Ni Al WB20029. 019. 1- 0. 060103Ex. 26NiAINU310029.2I9.2-0.0@?@0&45Qm§h0mm in
Table 6, it is seen that for the filmnmaterials of the alToy filnms 21, 23,
Ni AlRu, CrTi, CON are particularly-pAéferable anong the materials shown in
~Table 6 in view of the coercive force, noise, PWO0 magnetic properties,
properties of output decay, and thermal fluctuation properties (Kuv/kT).

Exanpl es 240 29 1 b A §id] |8y %ﬁ%@% fgaﬁlg]é%f%fioefes of each

-magnetic di sk were forned except tha e he i nternediate

llayer 22 g np7B@Em qurllbivas whangaddd Gd, (Cr: 90 at% M: 10 ato)
(Example 27), OV 2 s aPR 2002 - 66 (Cr: 80 ato, V: 20 ato) (Exanple

28), and CrTa (Cnof@p, diee Pisb $)eHERM £ Ignifeacogigiyeforce, S/N
rati o, PWh0, properties of

the isolated regeneration signal) was measured by:
extracting an isolated readback signal with an read/write
tester (GUZIK) provided with the MR head for the PW50
measurement; and measuring the width of an isolated
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



out put decay, and Kuv/ kT of the magnetic disks caere as follows. Table 7
“Fi | mCoer ci veS/ NPWb0Si gnal Heat Mat e. forcerati o(nsec)attenua. fluctu. (Ce) (dB)dB
/ decadepr oper . Kuv/ KTEx. 27Cr Mb2750 t029.1 t018.4 to-0.040 tol00
10285029. 519. 2- 0. 055115Ex. 28Cr V2750 t029. 2 t018. 4 to-0. %lé)d&l_.,%l%g
t 0285029. 819. 2- 0. 055115Ex. 29Cr Ta2700 #»28.5 t018. 8 t 0- 0.020" {0 1Hd
- 10287029. 319. 4-0. 060120Ex. | | CrW2780 t029.2 to018.4 to-0.045 to0l1l05
t 0285029. 418. 8- 0. 055115 As shown in Table 7, when the filmmterial of the

| nter medigte Layer 22 1 QW ther g s Jidile digpersion i mgnetic

-properties and the productiVvity iI's al'so prefer stabl’e. |lsq_s because
CrWhas apgoodt @t ke sTREaRI BgrW &h sta]?@ll%eggglnﬁ)ieEyﬁ%hﬁg%@%%ﬁe‘ﬁ‘etrr.the o

alloy films such’'as CrM, and the CGWfilmthicknesS change causes little

change of yRIQP&HE €514 itReaM Ry £SiRIdHth Y, TBaS 3G 13RRY #adsaqeording to
t he enboofi rreri\dgt gf tE}g érlgg;gr?t iunvé}nt iegnl%/yvi | %%gxtp%%é 2 66l PR ~y2 - 67

descri bedicfidg%o theBsadpded R 18XRIARATAIEV InRWa tafvet R gHaerimal stability

measuri ng apparatus according to the 'enbodi ment of the present invention.

Fig. 7 igielschamld ¢etit dfhe RRignkerimlfield; measuring a
remanence magnetization M1l; and again applying the positive
magnetic field, applying a magnetic field H2Z larger than H1
to remove the magnetic field, and subsequently measuring a
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
secondsl The H value in M = 0 is defined as Hr(153).

The similar operation is repeated for a waiting



stability neasuring apparatus (the entire systen). In Fig. 7, a head/disk
‘mechani sm section 102 includes a magnetic disk 105 which is a nmagnetic
recordi ng medi um a nmagnetoresistive head (MR head) 106 which is a magnetic
head, a nmechanismfor rotating the disk, and a nmechanis ﬁc#P§ ﬂﬁging a head
slider onto the disk. A notor drive-cédBcwit 107 is a co ol circuit for
~driving a notor 114c of the head/di sk nechani sm section 102. Mreover, the
head/ di sk mechani sm section 102 is usually contained in an environnental
tank 101 ich i 0, | Lable.in tenper re in order,to expose the
-magnetic 'Sk ﬁ%?%nge‘%g%é i gﬁq esrr%ée?% Ur Zé%nsvel?%nncrgrse'nt .2(§A TeddlYtite circuit
section | i i f i W | i t he MR head
106 of thz(e)g%e&ré%ﬂ?dsai’ %%?12%%%‘[%%0{% ﬁﬂi‘g%%o’ ﬁ%feﬁ%gﬂﬁﬁg%aﬁ@t o the
magnet i ¢ diska 01 and e [3ocl Toncef) ampl |10 00 dhe £ onat: 1A by L he VR
head 106 for analysis. Specifically, the wite signal for witing the
signal omdL-H hes Mot ¢ tmdli 5K JoEaise@enefad@d i s aPatft ef ) 1 g
generator 110, and fed to the wite elenment of the MR head 106 via a
preanpl i fwigth 1% wask ac head: ampl 1dgeri 8. (1 st )i gHr readl signaly read by the
read el ement of the MR head 106 is anplified through the head anplifier 108
and the de&rfeadi¥s 200 -t168 tiprmeanpl f fucrudiln afhice fedif o a chignated

eval uating section 104. The signal evaluating section 104 has a function of
measur i ngpyartheviaabinal eheditebt) 44 ghral tlanpl Fféred Hyoktwireddinri t e
circuit section 103, and conprises a spectrum anal yzer 111, an oscill oscope
112, and HEigermeme L cofbil ek s 198l ¢wkatemhthwl thagf e heowins laqurtiam s and
processing data. Figs. 8 and 9 are explanatory views of the head/di sk
nechanisn1sectionVI$9 Ti¥T/B8f the magnetic disk 105 is held by a clanp 114b

on a disk rotati spindle 114a o rotatjng apparatu 4, kot ated by
driving the not oplgiﬁgt ghg%%oﬁ‘%%sé?ﬂ%zrﬂ?%% ?o?%‘ﬁ?‘h%“a%pf%é?l% ﬁiﬁg as a

rotating shaft. Nor e n arm mechani sm 115 | oads_or,unl.oads the MR head
106 on LI Sietrer Tis 4t e £ b T oA TR e e (8 Tisa The

arm 115a j aﬂg%ﬁhed to a rotating shaft 115b, and can rotate about this
rotating sha 5b. As shown in Figs. 9 and 8, in the usual use, when the

magneti c di sk 105pgoesci P\tzafﬁéﬁt@ol&rﬁé IR heggs b 08 i sndedsh e 8 £ anp

section 116. After driving the notor 114c to rotate the magnetic disk 105,

the arm Ihia isn 1idtesh @hopt thdiend plat 1 e Shaffeddibdnl and dfe MR head 106
is | oaded on the magnetic disk 105 tromthe ranp section 116. A fixing

screw 1l9adretese theyar mdddavise dthedind® ppsiiloipbfiddhec R helagind 06 i s
al ways fixed in a predeterm ned radial position on the nmagnetic disk 105.
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 is calculated by further
assuming Hco = 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 Hc which can be obtained

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



2 6 APR 200z - 69 Fig. 10 shows the read/wite elenent structure of the
‘usual ‘MR head. The MR head used in the present apparatus conprises the

read/ wite el enent whose wite track width 121 is tw ce or ngge ﬁ%r@%d
track wdth 122. Therefore, it is possible to accurately nea r@ 7

eval uate only the signal attenuatior lay the thermal fluctuation of the
~magnetic recordi ng medi um w t hout being influenced by the thernal

off-track. Additionally, nuneral 117 denotes an upper shield, 118 denotes a

| ower s_zjeld 120 denotes. a rfa& el ement .

_Zi stllQigenotr?ésam%Jietﬁ el enent d

A ther nalREHTTTRYS MBI T Hy et O P HRED I g’ O o Uhoud ekt oS ¢ he
present inv .0 j de i i sho i,h. Figs. 8 and 9,
t he rragnen'?al dTTl ls% %(%1' aﬁ%&(%\)h?%%’adé ri% 6‘;)%?% ‘%ﬁ%% aa(s)rh %%Ylﬁée{;l I%ji sk

mechani s Sacdd o0 Gbsequently, after driving the motor 114c of Fig. 8 to
rotate the magnetic disk 105, the arm115a is rotated, and the MR head | 06

i s manual ly | oadeg; Qaé ongheadragnetdde disske 103 Jd o thedam ection 116.
Furthernore, the arm 115a is fixed by the fixing screw 115c. In this case,

the MR hepstdbfofd0ads o adéhdins obeve Hhepyaine stidaeel of the magnetic
disk. In this state, the head/di sk mechanismsection is placed into the

envi r onmefitwed t datkor] OdaofotFi gubstarii£r]l § hee inmsd lered, tdtes €y i ‘annent al
tank 101 is stabilized at the preset tenperature, the read/wite circuit
section lHf:dtEens theused 20 6cARRILDOPY Heod rom iHce agidgvdlskt.o tThe write

el ement of the MR head 106, and wites the signal to the magnetic disk 105.
Subsequeritiigrlaginedilaael s afn eaaPRFex Bigiml edw wrdn tdgpendrntsigmathewitt en
to the magnetic disk 105 is read via the read el enent of the MR head 106,
anpl i fi ed§3F5HHRNGRad? R t@f i Rt 5Rd i dh A0RSWHd Hedsiied in the signal
eval uating sectjon 104. The signal,K evaluating section 104 records the

anpl i t udé3HIe Of S HHE F e s |12t TR TTRS QRS ti et Gt erval . The

results of neasur nt and eval i of Lhe. i attenuati on of a
plurality of magn@?? ¢ ecordi %&uﬁ’é{&%gn((sférrgfeiﬂg% C) supposed!y

O e R A1e B0 e AL VELITL L] L G AP 65, Y A0

is taken, the equation is modified as follows.
Hc/Hcy = 1-{(kT/vIsbeHcy)ln (fqaet)~0.735}

Here, k denotes Boltzmann’s constant (1.38 x 107 erg/k), T
denotes the measurement absolute temperature, fo 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 Hcy are
known in the above equation, Hce can be obtained by
performing numeric analysis/calculation of Hcg. In the
following examples and comparative examples, the coercive

force, S/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



Fig. 11 shows the results of the neasurenent in which the spectrum anal yzer
‘is used as the signal evaluating section. For the neasurenent conditions,
the tenperature of the environnental tank is 60C, and theréﬁcgg’\sgi @g density
of the signal witten to the magnetic disk is 100 KFl ux/i . 2 ver, the
head used in the nmeasurement is an MR4lvead (the MR head including the
read/wite el ement whose read track wwdth is 0.5 times as large as the
wite track width) which has a wite track width of 12.0 ~.~m a read track
wi dt h of | | e f_0.35 read gap. | epgt h of
0.30 -, rné)j:al\éllh a&e%%ﬁ%%ege aeérreﬁ &E%‘?tag § C}EM(BP'}%%%-ﬁh Anbuint %% 20 nm 2
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i medi ately after the signal 1s witten to t?‘le magneti c reover, the

ordi nat e s£dhems, tHey PEYEl o ( O PUbYS @t L LNURE | AN 0d ¢ 1 hegbasi e mave of the read
signal. When the abscissa is represented with logarithns, a |inear signal

attenuat imgadsraspathy geoet avedf ascshoaw 2506 G, 1dhe Mo eOVLEio Rigs 12
shows the inclination of the straight Iine of the graph of Fig. 11 in
nuneri c vad UesdBancheaPibe was | 22e8l @sedt heamddexs Whd cdh naowdi clat £6n tde si gnal
attenuation by the thermal fluctuation. Mreover, the neasurenent simlar
to the abmatel siesctobedreavabur endntewasr petlioreedonsrate t hedheadedian lar to
the MR head used in the above-descri bed nmeasurenment except that the MR head
had a wihigh raxkus ais hcotpsred witlii Fxamel e ehd/ Mioxeoedeneime of the MR
head, the read track wdth was 2.1 times as large as the wite track
width). ASL3hsatEenidelon ndad P ghdr B{¥eeAEF oKW RUrT éd 8% adhown in

8ot PO s ST S o Lhe Shen el Luctuat on of e
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 2
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



Fig. 13 shows the results of the neasurenent in which the usual MR head
‘mount ed on a magnetic disk drive was used. The specification of the head is
the sane as that of the MR head used in the above-descri bed nmeasurenent
except that the wite track width is 3.0 E~m (the MR head ? AcARRIi®BN t he
read/ wite el enent whose read track-wadth is 2 6 APR 2002 - 72 1.25
tinmes as large as the wite track wdth). Mreover, the measurenent
conditions are the sane as those of the above-described neasurenent. In
this measur enen 1an. 400 seconds_ ar.e exGe ed ic& signal attenuation

t ed, .a
-by the t R oF 12 e e s ountr, " but” tthe ag)tdlead)lfyfrﬁ ‘neéar signal

att enuati on Occurﬁseir%bzsgfer‘?}boflreérge@%ipﬂlmﬁfﬁfﬁ@/ Méﬁfivﬁ{’ it Is seen

in Fig. 13 that t is a [arge di spersion asurene poi nt, and the

st abi i t y o e JTRAS UNRIBN L 8y flat et 10 ated DY b tiherdmal of fisityr ack.

Addi tionally, when the neasurenment was simlarly performed using “anot her
usual Iy usedh NRpadb{ W ide to@Engd idndfimhowy bd tHdNcdBad 44 ack width
of about 1.0 Vim’, further rapid signal attenuation and neasurenent

di spersi avdae,t IBy/N hertred, afifsd macdneeire graapukt ilds has diegn proved fromthe
above-described results that in the present enbodi nent, only the signal

at t enuat iadrt dmu athieort hernbhl KoV dtTu dthiegmadf fillwe tnmgheni.c recordi ng mediumi s
accurately measured and eval uated. Additionally, the conventional spin
stand tyxasipctofadiretli® chomvyers v priypadhe evlaltimati ng apparatus (for 2.5
inches, single plate) has an outer dinmension of 1 mx 1 mx 50 cmand it
was difficult to Pradeaymrthpparaeusiere therrme@hin diperaitirleas ank and
conduct the test, but the thermal stability measuring apparatus of the
present MAERY GF sHbUNdTP I ¢y, eX P HEE Fl O RBPIA el s dh%about 20

cmx 10 cmx 4 cmand the test_could easily and_ipexpensively,_ be perfornmed
by pl aci AYHKE o g‘t"’l}ée]? n6etch% CrMn??S-“hl‘éﬁitg?mgga E%e ¥ hic2 %gdescri bed
above, accordi t.q the esent 6 APR.2002 jnventipn, wthaqut attaching
the di sk o q'hd;pr%tgﬂet?%pgdi%%queri REERS St ﬁongrgﬁbﬁ‘é-i‘}r’ga%kﬁggr'signa| or
the like, si.gnal,, at t ion by t_her\m tuati o easily be
measur ed 909}].%(3&%,%1\4%: (g'rgjn%ﬂn%’t i(g' dqrstgl ma °e)r : aﬂf{]a!ée}bg’feo?@,’ b%arig{c}cgﬁlt he

si gnal atfenuald oy ofe i O : 15l And 12 opii nad by dngJwasyri ng method and
apparatus of the present I1nvention, the thermnal f<l uctuation properties of

t he magnetivn,t§Cor@i-ng ovedi Wscamnhe cevakyaicedp andtkhe (rramgtiec ghecor di ng
medi um havi ng satisfactory thermal fluctuation properties can be sel ected.
For examu@in,ch Fi(@r:137.chetsanpine € witkh an oubputat teruabilensof, 0. 09 or
l.Less is selected so that the magnetic disk provided with satisfactory

t her mal fdnmet patdon 90 opertd 2 cah bea ot afFwedupllen the prmagent(Cirnventi on,

the head armis
98 at%, Mn: 2 at%) (Comparative Example 4), CrMn,;Cp.ss (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 CrMneCo.q1 (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



preferably formed of a material which is not easily thermally expanded.
From the standpoint of the thermal expansion coefficient and
processability, alum num stainless (SUS), and the |ike are mgf,g:r@%[)?.
Moreover, the fixed position of the head armis not particularly limTted,
but the armis preferably fixed in thé7vicinity of the m ddl e between the
di sk inner periphery and outer periphery. Additionally, in order to perform
conpari son/ eval uati on anong the di sks on the sane conditions by using the

Same 1 ecﬁrgjr@a@.eay.ll Yo 4 e SaAWoA) “of I?A'xénéH%JIeG ﬁav%s?gtgc%zrngeeﬁgd float-up

-hei ght, m fi'Xed position’i's pretfer y ‘cons ng the disks.

The nean | X t{yeéag i Q | m t fixing.screw, and
any mangjeitg{le dexdu}g%dﬁtlgzgs ong Zagr{q h%l%:e%e(ﬁda;ﬂn%ig%n @e%:%?pe éy 1ble’ fEislx(‘fe'd. The

mechani smpan e o ey conadd i £dsiah dihatg taw disk JR1ad 1K appar at uses

are arranged, the head is attached to both ends of thé arm 115a, and two
di s’ . ~Cs rifrnayriad taneorst y( iBasiiepan it anel it et ddt il alseeasy to
construct a nechani smfor simultaneously neasuring a plurality of disks.
Mor eover ,oft rMreEqgried e heraick kisesks i ML 3A)e &V & steaip g et df @ntk@ppar at us  of
the present invention is not [imted to the above-described head, and a

gi gant i c Hdtavape) ttegreetend elsd s e(HxEvip) ldeldtd, Biglualc)strame 15 at$

magnet oresi stive (DSMR) head, and a contact type head in which a pad is
formed ormft Mo s actdapposithe ter tdwi adaghieti & ditsk of: thd hegifet i ¢ head
can al so be used. Furthernore, in the above-described enbodi ment, the

measur enift/ evbalafeti it offeHduderafal the anmaInat s aeasn destgtiaded, but

this is not linmted, and the evaluati ng nmethod and apparatus of the present

i nventi orPacra‘fr?%esdji_t?é“EiH?q i YR tlf?eyen%)as‘?ﬁ_ MH@& udti RIS e

| emper ety RUSRELLLSS, o6 Lhe cleclyommaneil s LRSS eluoen (e
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 S/N ratio
and PW50 value are equivalent, and the coercive force is
enhanced by +70 Oe. 1In 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 film 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
magnetié layer is enhanced, as compared with Example 1, the

PW50 value is equivalent, the coercive force is enhanced by



2 6 APR 200Z - 75 CLAIM5S 1. A magnetic recording nmediumincluding at |east
a magnetic |ayer on a substrate, wherein: the nmagnetic recordi ng nedi um
conprises, between said substrate and said magnetic layer, @ grast 28,
particle dianeter control layer for controlling a crystal particle dianmeter
and a particle dianeter distribution é8 the nmagnetic |ayer, and the crystal
_particle dianeter control |ayer conprises an alloy containing chromum(Cr)
and carbon (C) . 2. The magnetic recording nediumaccording to claiml

wherein sg t%' oh i [P eTol gl y. ai carbon (C) in
a range oﬁ‘addg.(%%'yzétrg%tp %) .ate%%dg g Iﬁee rnat_gncira\étjcjii c%feﬁ%r%iqﬂ%' rrerb(?fi um accor di ng
to clai mdeQry i, hefsd e Sal f &onisd Ada R L1 G 6 i adTet ere coid o0l | ayer
conprises an alloy further containing nmanganese (Wn). 4. The magnetic

recor di ng; e tHB ReEPT £ @] £ 01 £ 3R Shodel el th S ahLhyedtyisd PrM i G £,

di aneter control |ayer contains nmanganese (Mi) in a range of 0.5 at%to 5
and the thermal fluctuation resistance is sufficiently
satisfied.

As apparent from the table of Fig. 3, the
nonmagnetic layer is an alloy containing at least Cr and C,
preferably an alloy containing Cr, C and Mn, the content of
C is preferably in a range of 0.0l 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 magnetic 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,



at% 5. The magnetic recording nmedi um accordi ng to any 2 6 APR 2Q02 - 76
one of clains 1 to 4 wherein said crystal particle di aneterzé:()ﬁbr@b | ayer
further contains at |east one el ement selected froma group cohsi ¥ ng of
mol ybdenum (M), vanadium (V), tungsten (W, zirconium (Zr), titanium (Ti),
tantalum (Ta), nickel (N), niobium-(HKB); oxygen (O and nitrogen (N . 6.
_The magnetic recordi ng nedi um according to claim$5 wherein the content of
said elenent or the total of said elenents is in a range of 2 ate to 30

at% 7. %n@%ﬁ}féigcdér?tc raf};déli,% greci umd %L#;%a%%ﬁet npre magnetic |ayers

-on a substrate, I nc g a honma vween at | east one pair

81; sai d magnetic ‘i‘}?é’%fasg‘h@&k?éﬁat?@iﬁ SORIRONEL | Gy d aaﬁémf:@mgfses the
ystal particle dianeter control |ayer according to any one of clainms 1 to
6. 8. A nRaMHdrcd® e dhitbyEdidied npldd Nt dik8Sdurface is
mirror-polished to provide a surface roughness Rmax = 3.2
nm, Ra = 0.3 nm.

The seed layer 2 comprises two layers of alloy
film 21 and alloy film 23, and an intermediate layer 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



two_or nore magnetic layers on a substrate, and including a nonmagnetic
1 ayer "between at | east one pair of said magnetic |ayers, wherein: said
nonmagneti c | ayer conprises an alloy containing chromum (Cp) ﬂﬁ'ﬁ' 7 rbon
(O, and said magnetic |ayer conprises an alloy containing cobalt ?@o) and
pl ati num (Pt) . - 2 6 APR Zpp2 - 77509- The magnetic recordi ng nedi um
.according to claim7 or 8 wherein the filmthickness of said nonmagnetic

| ayer is in a range of 5 to 7.00 angstrons. 10. The magnetic recording

medi um a¢Gehding o ang ofr gla Ldq 9 ' ar sai g, tic
-layer, the sataur ati o?}?‘%’agneti C IH uxd%er?s% ty él\glg); %tf;ecfos'ub%t ragtﬁggi e
magneti c 3Jsayerg i s larger than the saturation magnetic flux density Bs of

t he nedi um surface-side magnetic layer. 11. A magnetic recordi ng nmedi um
formed by successpnelnaddtnatingats least ascandesr daysf @d, & megnet i c

| ayer on a substrate, wherein: said under |ayer conprises at |east a seed

| ayer for(ffiilnelthidikriedisng 2000y sira) s faaints )6l esvddft Hehe oragneis of ayer, the seed
| ayer conprises at |east two or nore |ayers of nonmagnetic filnms, and an

i nt er mediCat,e Htay &la feoren¥tb :0f 7 Za Snettdy,i dlr :(dilfd ertént Htrio® taheé ,méteer izal5 of sai d
nonmagnetic filmis interposed between the nonmagnetic filnms. 12. The
magnet i ¢c &técor di ng medi um according to claimllwherein an under filmfor
adjusting the crystal orientation of the magnetic |layer is fornmed between

said seed |ayer amP SHUGRIGHER i@V Preyefe theymadne e dradisty medi um

accordin%gg% 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
layexr 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
lubricaﬁt layer 9 thereon, thereby obtaining the magnetic

disk.



2 6 APR 2pp2 _ 78 _ - claim 11 or 12 wherein the filmthickness of said
‘nonmagnetic filmis in a range of 100 to 5S0 angstroms. 14. The nagnetic
recordi ng medi um according to ' any one of clains 11 to 13 ghgsgip,the film
thickness of said internediate layer is in a range of 5 to 50 angstrons.

15. The magnetic recordi ng medi um accetding to any one of clains 11 to 14
_Wherein said internedi ate | ayer conprises a nonmagnetic material which

i ncludes the sane crystal structure as that of said nonnmagnetic film 16.

The magnetic recordh nhdrael 400 AGka €i s 4 0 £1 9 B ddr MRS efdr &@l & /v
-internmedi ate | ayer conprises a material in which a crystal lattice surface
i nterval rdeaas ,newstatodh tkd bdthaingf rsajrk gionraEgnet ithd iddsrdite The
magneti c recordi ng medi um according to claimJ. 6 wherein said nonmagnetic
film confoirses wasi8&U dle cont aatirgfaore at,| dhesd ATtred fa cvasa 2 L
consisting of Ni.Al, Al Co, FeA, FeTi, CoFe, CoTi, CoHf, CoZr, N Ti,_ CuZn,

dB, and PW50 was 18.78 nsec and also satisfactory.

Moreover, the output signal attenuation was -0.05 dB/decade

at 100 kfci, 60°C, and KueV/kT indicating the thermal

fluctuation properties was satisfactorily 110. Here, with

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



Al Mh, Al Re, AgMy, CuSi, NiGa, CuBe, M1V, Ni.Zn, FeV, CTi, CN, N A Ru,
NAW N .ATa, MAITH, NNAIM, N.AC, NAZr, N A No, and A 2FeM2, and
said internediate | ayer conprises a naterial containing Cr. 18. The
magnetic recording nmediumaccording to 2 6 AP R 2002 79_2sﬂgprw@g
wherein said intermediate | ayer conprP8es a material forned of Cr ahd” at
least one type selected froma group consisting of M, V, W and Ta. 19.
The magnetic recordi ng nedium according to claim18 wherein said

i nt er medi r r I i and 6'1.
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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 isolated 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
adjacenc pulses (signals) interfere with each other, and

the error appears during reading of the signal. This
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circuit section, and then measured in a signal evaluating

section. The signal evaluating section records the
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an MR head which has a write track width of 12.0 um, a read
track width of 2.4 pm, a write gap length of 0.35 um, a
read gap length of 0.30 pum, 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 is 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 H1l to
remove fhe magnetic field; measuring the residual

magnetization M1l; and again applying the positive magnetic
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remove the magnetic field, and subsequently measuring the
residual magnetization M2. The similar operation is
repeated until Mi reaches the residual magnetization Mr.
The 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 pocsitive
magnetic field is applied to the sample, the negative
magnetic field Hl 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 (15).

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 walting time i1s obtained. When this Hr(t) is plotted
with reépect to a time logarithm {(ln t), Hr(t) linearly

decreases, and the thermal fluctuation field Hf is obtained
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by the inclination dHr(t)/d{(ln t). From Hf obtained in
this manner, vIsb is calculated by the following equation.
vIisb = kT/HE

Here, k denotes Boltzmann’s constant (1.38 x 1071°
erg/k), and T denotes an absolute temperature (K) being
measured.

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 Hcy = Hk/2.

veku = VeHkeIsb/2 = vIsbeHk/2 = vIsbeHcO

Here, HcO denotes coercive force Hc before the
coercive force Hc 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
deteriofation of coercive force Hc by the thermal

fluctuation cannot substantially be measured, Sherlock’s
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equation is used to calculate HcO from Hc and vIsb. The
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/HeO = 1-{(kT/veKu)ln(£f0et)~0.735)}

Moreover, when the above-described assumption of HcO = Hk/2
is taken, the equation is modified as follows.

Hc/HcO = 1-{(kT/vIsbeHcO)1ln (£0et)~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 HcO are known in the
above equation, HcO 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
thickneés of 600 angstroms (Ni: 50 at%, Al: 50at%).

When the coercive force, S/N ratio, PW50,
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properties of output decay, KueV/kT of the magnetic disk
were measured, the coercive force was 2800 Oe, the S/N
ratio was 29.63 dB, PW50 was 19.4 nsec, and a satisfactory
result was not obtained for the PW50 value. Here, usually
to raise the coercive force, a certain degree of thick
under layer 1s necessary. However, when the film thickness
of the under layer increases, the crystal 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 value 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 tc 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.
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Table 3

Coercive |S/N PW50 Signal Heat

force ratio | (nsec) attenuation | fluctuation

(Oe) (dB) dB/decade properties

Kuev/kT

Example 12 2650 30.9 17.9 ~-0.058 98
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 is 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.
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Moreover, usually in the fine division of the
magnetic particles, the value of Kuev/kT is reduced, but in
the present invention the particle diameter distribution of
the magnetic particles is narrow and there is little number
of excessively fine particles susceptible to the influence
of thermal fluctuation. Therefore, even when the magnetic
particles are finely divided, the value of Kuev/kT is not
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 ats%.

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
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ratio is Cr: 97.95 at%, Mn: 2.00 at%, C: 0.05 at%.

Furthermore, the first protective layer 81
comprises a Cr film with a film thickness of 50 angstroms,
and plays a role of a chemical protective film for
preventing the magnetic properties of the magnetic layer
from being deteriorated by oxidation. The second
protective layer 82 is a hydrocarbon film with a film
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
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attenuation was -0.10 dB/decade, and Kuev/kT was 80.

Examples 14 to 17, Comparative Examples 14 and 15

The magnetic disks were formed in the similar

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 128.9 ]18.0 -0.045 115
Compar. 90 180 2214 }28.7 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
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alloy films 21, 23 constituting the seed layer 2 is
preferably in a range of 100 to 550 angstroms in view of

the coercive force, S/N ratio (noise), PW50 magnetic
properties, properties of output decay, and thermal

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 129.23]119.08 -0.055 105
Ex. 19 15 2800 [29.43118.78 -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
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As shown in Table 5, the film thickness of the
intermediate layer 22 is preferably in a range of 5 to 50
angstroms in view of the coercive force, S/N ratio, PW50,
properties of output decay, and thermal fluctuation
properties (Kuev/kT).

Additionally, the intermediate layer 22 (CrW (W:
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), Crﬁi (Cr: 60 at%, Ni: 40 at%) (Example 23), FeAl (Fe:

50 at%, Al: 50 at%) (Example 24), NiAlIW (Ni: 50 at%, Al: 45
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at%, W: 5 at%) (Example 25), and NiAlNb (Ni: 50 at%, Al: 45
at%, Nd: 5 at%) (Example 26).
The coercive force, S/N ratio, PW50, properties of

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

follows.
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 18.97 |-0.050 110
Ex. 22 CrTi 2700 29.7 18.8 -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 NiAINd 3100 29.2 1%8.2 -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
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(Cr: 80 at%, V: 20 at%) (Example 28), and CrTa (Cr: 95 at$%,
Ta: 5 at%) (Example 29).

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

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

follows.
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 1s 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 phange of properties.

A thermal stability measuring apparatus according

to the embodiment of the present invention will next be
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described. Figs. 7, 8, and 9 are explanatory views of the
thermal stability measuring apparatus according to the
embodiment of the present invention.

Fig. 7 is a schematic view of the thermal
stability measuring apparatus (the entire system). In Fig.
7, a head/disk mechanism section 102 includes a magnetic
disk 105 which is a magnetic recording medium, a
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 1lldc
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 high-
temperature environment.

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
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preamplifier 109, and fed to a signal evaluating section
104.

The signal evaluating section 104 has a function
of measuring and evaluating the read signal amplified by
the read/write circuit section 103, and comprises a
spectrum analyzer 111, an oscilloscope 112, and a personal
computer 113 for controlling the measuring units and
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 114a of a rotating
apparatus 114, and rotated by driving the motor 1l4c which
uses the disk rotating spindle 1ll4a 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 1l4c
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 1l16.
A fixing screw 115c 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.
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Fig. 10 shows the read/write element structure of
the usual MR head. The MR head used in the present
apparatus comprises the read/write element whose write
track width 121 is twice or more a read track width 122.
Therefore, it is possible to accurately measure and
evaluate only the signal attenuation by the thermal
fluctuation of the magnetic recording medium 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
ll4c of Fig. 8 to rotate the magnetic disk 105, the arm
115a 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¢c. 1In this case, the MR head 106 flocats 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
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write signal to the write element of the MR head 106, and

writes the signal to the magnetic disk 105. Subsequently,

immediately after the signal is written, the signal

written

to the magnetic disk 105 is read via the read element of

the MR head 106, amplified in the read/write circuit

section 103, and measured in the signal evaluating section

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 um, a write gap length of 0.35 um, a

read gap length of 0.30 um, and a read/write element part
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float-up amount of 20 nm.

The abscissa of the graph of Fig. 11 shows the
elapse of time immediately after the signal is written to
the magnetic disk. Moreover, the ordinate shows the power
(output) attenuation of the basic wave of the read signal.
When the abscissa is represented with logarithms, a linear
signal attenuation is usually generated as shown in Fig.
11. Moreover, Fig. 12 shows the inclination 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 £hat the write track width is 3.0 pm (the MR head

including the read/write element whose read track width is
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1.25 times as large as the write track width). Moreover,
the measurement conditions are the same as those of the
above-described measurement. In this measurement, when 400
seconds are exceeded, a rapid signal attenuation by the
thermal off-track is found, but the steadily linear signal
attenuation occurs in the above-described measurement.
Moreover, it is seen in Fig. 13 that there is a large
dispersion 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
mx 1 mx 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 26 cm x 10 cm x 4 cm and the test could easily and

inexpensively be performed by placing the apparatus in the
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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
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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.



k_?NA4- #10%&- #1098&' () - G #109R& () - G #109R& () - G #10%&R& () - G #10%&& () - G #1
09%&& () -G

Kkkkk! k&knN. NA4- #109&& () - G #109&& () - G #109&& () - G #109R& (Z) G #1098& ()- G
5W b" Z+#8&K- k1k2k 9k >k CKmvk NA4- #109&& () - G #10%&&' () - G #10%&&'2(§ -ABB002

" Z+#8& #109&& () - G #10%&& () - GOkHKMKTk XYk ki - NA4- #109&& () - GBW

b" Z+#- #1098& () - G #1098& () - G #109R& () -G #109&& () - G kf kkkpkuk| kk_?NA4- #10
U8 #10988&' () - G #10%88& () - G #10%88& () - G #10%8& () - G #10%8&! () G #100R& () - Gk

kkkkkknN. NA4- #1098& () - G #109&& () W& () -G #10%& () - G #10%8& () - GBW
- b" Z+#kkkkkkl nM NA4 s(9!10% ' & ()- ()--#10%&& () - GBW
b" Z+#8- #10%8& () - G #10%&&' ()-G Tl | 111% [:NAG s(9! @410% ' & () -

@10% ' &'() 90:10% ' & ()- 1.10%' & ()- ,10% "' & ()- *

10% "' & () - vUA y 10% & ()- MLO% & ()- y#-10% & ()-410[' 10[' 10[' 9
10% "' & () - 610% vgt () - SPAGRARHE [ D9Cor dingsmedl Un oimodwiing aobeest) -

109% & ()- 9310% & (3 Y Z 10% &'qjg nnnnnnn_2vU4

#1096 & () 24 TEANE {AHC ARHB% Q) -H 1IR3 L9 BRI %1096 & () - nnnnnnnnN. vU4#L

Sﬁg%‘#ﬁﬁﬁ/ﬁ) Ay Sidpore s St Tl nR LoD e
4100 & QO 0/5%%@% LTINS W £ VMBI ()-5n0
o@HoPoXonN B TON S () Ao (Y0 (T Hb &0 o (v

| #Xoboi o] g %ln%‘il%rIQ]a %%1%4’1&.1@13;& m.%ﬁé# QO% A%%’%%l%\ﬁg of the

| #" #10% & () - #10% & vo{ 00000l
| ##10% & &Da(c;;ﬁlef&%%&l(a)ye%lo%f% (O Q%<& ) RAR0QRAQ 4HHERLS ZLNE& () - #10% &
"()-#10% & #10% &7 () #1096&f() # 0@6&f() ooooooorRQvU4#1096&f() #10% & (
) - #10% & Qv lo%&ﬁ?ﬁhrﬁﬁﬁ%h& ontaining chromlum (Cr) and
| #0000000mMMVF VUA#10% & () - #10% & () - #10% & () -
carbon (C).

2. The magnetic recording medium according to
claim 1 wherein said crystal particle diameter control
layer contains carbon (C) in a range of 0.01 at% to 0.5

at%.

3. The magnetic recording medium according to
claim 1 or 2 wherein said crystal particle diameter control

layer comprises an alloy further containing manganese (Mn).

4. The magnetic recording medium according to
claim 3 wherein said crystal particle diameter control
layer contains manganese (Mn) in a range of 0.5 at% to 5

at%.

5. The magnetic recording medium according to any
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6. The magnetic recording medium according to

claim 5 wherein the content of said element or the total of

said elements is in a range of 2 at$% to 30 at$.

7. A magnetic recording medium including two or
.more magnetic layers on a substrate, and including a
nonmagnetic layer between at least one pair of said
magnetic layers, wherein:

said nonmagnetic layer comprises the crystal
particle diameter control layer according to any one of

claims 1 to 6.

8. A magnetic recording medium including at least
two or more magnetic layers on a substrate, and inclqding a
nonmagnetic layer betweeﬁ at least one pair of said
magnetic layers, wherein:

said nonmagnetic layer comprises an alloy
containing chromium (Cr) and carbon (C), and said magnetic
layer comprises an alloy containing cobalt (Co) and

platinum (Pt).



109B( & () - %<LMNUo| vU4! | 3 10%#& ()- $-10%#& ()- S 10%t& () -
MLO%#& ()-10B(10B(10B( 1:!109B(& ()-g| [ NA4! 10#10#10# 1:!10%*& ()-S
/| TLO%#& () - & 10%#& ()- gl0%t& ()- &&I 10%& ()-& -|[:-410# s, ,! 10%& () -
Sy9! 10%0E O& ()-" sy9!10% & ()-" sy9! 10%#& ()-" MLO%t& ()- #10%t& () -
HU: bA410# sOM 10%#&' ()- $-10%& ()- .Y 10%t& ()- f:10%& (£8 APR 200
MLOY£&' () - 10#10#: dla| obU410 - &1098(& () 310! 10! 10! 1:110% & ()-g
"/ g109%¢#& () - sY(10%t& ()- ,y&10%t& ()-"\|[:bUs10 &g109B(& ()- 3109B(& ()- S
109B(& ()- ,s109B(& ()- 109B(& ()- jF' 109 B($ & ()-L| [ NA41010B( 10B( 10B(
-sf, 91 109B( & ()- ,*-109B(& ()- sF9! 109B(& ()-F f 109B(& ()- s-
109B( & ()-f(Y|[: NA41010 10% "1 & ()- 1094 "1& ()- 10%"1& ()- MO% "I & ()-
yL10% "1 & ()- #1094 " |'Bhé)m¥yPpfidlA42600dYnylAMIiLA GEco¥dAty" t& () -
#1094 "1& ()- 'MIO%"1& ()- yl0%8"1& ()- s 10%"1& ()-F P-fk[[:NA41010
610% " | &e-im 094 " &rgreiMIDSs £1 8 (L hipgRRess " 68 $3id- haNSGEh&: (-
+& 109 "1 & ()-k vU410 10% "\ & ()- !10%"\& ()-m Y, 10%"\& ()-
L$ 10% "\d&Yer imlin @irange "of y§ .taodh0| angytroms.

10. The magnetic recording medium according to
any one of claims 7 to 9 wherein for said magnetic layer,
the saturation magnetic flux density Bs of the substrate-
side magnetic layer is larger than the saturation magnetic

flux density Bs of the medium surface-side magnetic layer.

11. A magnetic recording medium formed by
_successively laminating at least an under layer and a
magnétic layer on a substrate, wherein:

said under layer comprises at least a seed layer
for finely dividing crystal particles of the magnetic
layer, the seed layer comprises at least two or more layers
of nonmagnetic films, and an intermediate layer formed of a
material different from the material of said ponmagnetic

film is interposed between the nonmagnetic £films.

12. The magnetié recording medium according to
claim llwherein an under film for adjusting the crystal
orientation of the magnetic layer is formed between said

seed layer and said magnetic layer.

'13. The magnetic recording medium according to
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any one of claims 11 to 13 wherein the film thickness of said intermediate

layer is in a range of 5 to 50 angstroms.

15. The magnetic recording medium according to
any one of claims 11 to 14 wherein said intermediate layer comprises a
nonmagnetic material which includes the same crystal

structure as that of said nonmagnetic film.

16. The magnetic recording medium according to
claim 15 wherein said intermediate layer comprises a
material in which a crystal lattice surface interval does

not match with that of said nonmagnetic film.

17. The magnetic recording medium aécording to
claim 16 wherein said nonmagnetic film comprises a material
containing one alloy selected from a group consisting of
NiAl, AlCo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuZn,
AlMn, AlRe, AgMg, CuSi, ﬁiGa, CuBe, MnV, NiZn, FeV, CrTi,
CrNi, NiAlRu, NiAlW, NiAlTa, MiAlHE, NiAlMo, NiAlCr,
NiAlZr, NiAlNb, and AlzFeMn;, and said intermediate layer

comprises a material containing Cr.

18. The magnetic recording medium according to
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material formed of Cr and at least one type selected from a

group consisting of Mo, V, W, and Ta.

19. The magnetic recording medium according to
claim 18 wherein said intermediate layer comprises an alloy

mainly containing Cr and W,



