10 MAY 2005 1 MAGNETI C RECORDI NG MEDI UM Background of the Invention: This
invention relates to a nagnetic recording nmediumfor use with a nagnetic
di sk apparatus for carrying out information recording and [epaQdys NQ
operations. In order to achieve an increase in recording density of a HDD
(hard disk drive), a decrease in medium noise is indispensable. In the
past, the decrease in mediumnoise is achieved by inproving a film
structure or a filmmterial of a magnetic recording, nediumin order to
reduce a product M., t of the nmagnetic disk; with the help of

uni nt errupt ed-i nprovenment in output characteristics of a magnetic head.
The product M t is a product of resi-dual magnetization (M) of a
magnetic | ayer of the magnetMAGNETHCRECOHDING MEDIUgSS (t) of the
magnetic layer of the magnetic disk. The reductionin M t is extrenely
effective in inproving RW (read/wite) characteristics but sinultaneously
causes a problemof a thermal decay characteristic. The decrease in M t,
i.e., the decrease in filmthickness of a nmagnetic |ayer brings about

m ni aturization o e grain S|ze of the magnetic layer, resulting in
reduction of -the ¥ NG m ni aturized crystal grains no

| onger have a co e f I(ra suff|C| ent to hold recorded

magneti zati on as GQ% Z’&"&Pﬁ% re @;}P a m@epﬁiﬁq’qrﬁhrﬁgﬁnﬁd'ﬁﬁbf%%ﬁdﬂm fat the
ded d t | .d )

pecorded s haghaRk oBUAARD or Ll REHRA AR rEEg SRR ot

. .is attenua afitiis. ous film structures have been proposed. Attention is 10
MAY 2005 2 recently attracted to one of thefllmstructures which is .
cald ed an AFC (Al brdérao mehleveRingficidasBin FeEaHalt %f%ﬁ%ﬁ;e rd'pikam ned

Pat ent Publicati-on No. 56923/2001 (JP 2001-562 3 A A mag ne I'C recording
medi um di seriyek e decréagairemediunereiserie thdispensable. In the past, the decrease

‘ln medium noise is achieved by improving a film structure or a film material of a
m:':tgneﬁc _recording,medium in order to reduce a produbt Mr .+ t of the magnetic
disk; with the help of unintefrupted improvement in output characteristics ofa
magnetic head. The product Mr - tis a product of residual magnetization (Mr) of
a magnetic layer of the magnetic disk and a film thickness (1) of the magnetic
layer of the magnetic disk. |
The reductionin Mr - tis extremely effective in improving R/W
(read/wrlte) characteristics but simultaneously causes a problem of a thermal
decay characteristic. The decrease in Mr - t, i.e., the decrease in film thickness
- of a magnetic layer brings about miniaturization of the grain sfze of the magnetic
layer, re;asulting in reduction of the medium noise. However, miniaturized crystal
‘grains no longer have a coercive force (Hc) sufficient to hold recorded
magnetization as a recorded signal. This results in a phenomenon that the
recorded signal is attenuated. This phenomenon fs called thermal decay. A
| In order to prevent the phenomeﬁon (thermal decay) that the recording

signal is attenuated, various film structures have been proposed. Atftention is




Pat ent Publication No. 56923/2001 has a nultilayer structure in which a
magnetic |ayer is divided by a nonmagnetic separation |ayer (qu, Rh, Ir, or
the like) into upper and | ower nagnetic |ayers. Specificaldpmaybbhg nagnetic
| ayer is divided by the nonmagnetic separation layer into a plurality of
magnetic | ayers -having magneti zi ng dire%tions parall el to one another.
Thus, the thernmal decay~ characteristic Fs inproved. However, a filmusing
‘the AFC structure is increased in magnefic |layer thickness in total due to

f nar ease i n esohl PR orle E’fﬂ*&@ﬁfﬁ‘ﬂ‘ﬁp'}rﬁqﬁﬁ‘?ﬁkg%@éﬂ ACC Tl ve
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t hi ckness almzmmM@memnssgggggﬁe In grain size of the magnetic |ayer .
so that the nmediumnoise (SINratio) is deteriorated. Thus, such

recordi ng/ r epr odudi magnetiareutirdingshiediing GiseRisel #h Uﬁ éﬁégémﬁs(gﬁﬁ%(d demands
in an increase in recording density. Summary of t g I nvent 1 on: anpl e
enbodi ment s RetekidulpicatiomNoi. 5GR8/2001ava deulilay@otfidigre MAFMIERINY Medi um
which is excellent in thermal decay characteristic and.in

“r-ecor di ngt r Bjgelisilayerds dividadsby stnarsnagreticaeparativer kiyee(RorRR, BOaheness
ratio (S*)rkeﬂ/d. ﬁ’l se W dtg, an overwite characteristic, and nmedi um noise
(SIN ratio) 5 MRRET A0d4pWen pragntis laarsr dBpecificalyhitre mageetic tayeris as
fol | ows. : tic recording nmedium conprising a base body, a first
magnetic | zli%/'(\a’r 9 nﬁ’& WW%%’Q&W“%Y% 8 Ridgdibt efonpgpetic layars a

hgnet i o | ayas0 gty iElreCRoHE Paliizhrins Bobich” Ef the Tharyen siesayng of

a ferromagngigracteRb®S isdhprdJely spacer  layer being for inducing
antiferromagnetic exchange I nteraction between the first and the

second, magnet | c_Ikyeer, 4 fifn USI theaare shiohy & irqg?éar&dfiﬁ{msﬁn%tgcr%%ﬁ‘g the

antiferromagnetic exchange interaction, the se magneti c
compri si ;g tﬂ:gﬁnﬁsemmmml tag ¢o itsstruatire eMneagl theiRimlaPBBEAY cRERIcRstE il Ne
-~ excellent. The increase in magnetic layer thickness results in a decrease in

coercive force squareness ratio (S*)." In addition, the pulse width (PW) and the .
overwrite characteristic are deteriorated. The increase in magnetic layer
thickness also results in an increase in grain size of the magnetic layer 36 that
the medium noise (S/N ratio) is deteriorated. Thus, such recording/reproducing
characteristics do not fully satisfy recent demands in an increase in recording
density.

m f th i

Example embodiments of the present invention provide a magnetic -
recording rhed-ium which is excellent 'i:n thermal decay characteﬁstic and in
recording/reproducing characteristics s'ut:h as a coercive forcé squareness ratio
(S*), a pulse width, an overwrite characteristic, and medium noise (S/N ratio).

Magnetic recording media according to this invention are as follows.
1) A magnetic recording medium comprising a base body, a first

'7 magneﬁc'layer formed on the base body, a second magnetic laye}, and a spacer




primary layer, the primary |ayer having a primary ani sotropi c nagnetic
field, the secondary |ayer having a secondary anisotropic nmagnetic field
which is smaller than the primary ani sotropic magnetic fi e slaAy2posA
magnetic recordi ng nedium as nmentioned in the paragraph 1), wherein the
secondary | ayer has a thickness smaller Bhan that of the primary |ayer. 3)
A magnetic recordi ng nmediumas nentioned in the paragraph 1), wherein the
secondary | ayer has a saturated magnetic flux density smaller than that of
t he pri mar yldygy&rmed betweegribeificstranddheisegone diagnetis layens,i exroddofi the tfinet
par agr aph 1;; wherein the sPacer | ayer has a surface roughness Rmax of 6nm
or | ess andand iR Raeond prgpelic kiygrmbeiagrd aderommgnetic materal, thecspadeiax i s

a difference between a

oares, o Bl kBl R ventiSbiaiei |
el R o
1)." wherei AL gé@ﬂ@%? fialdr Pidabo R s ﬁﬁa lsﬂ %ﬁ&@ppmwa n%ﬁzeir C
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llayer conprprafsnsayer ties PRAaRY RiyeAHBYinG Vbt ISt '@ﬁ%@i@%@'f' Id, t
cl ose- packe%l) s??ugt ure. ﬁ?o amYYZOOS mg 8‘? IAa%%net irocdlr ecor di ng'ergédfi]%m as

nenti oned isedondapalager Baving b secohdasi anibbieopio heignetic dieRi WhRIis istdlief med so
that crystal matching or alignment wth the primary nagnetic |ayer is
i nproved avihanfthe prittary solsstropicemagneticifieldhe primary magnetic layer. 9) A
magneti c recordigg medi um as nmentjioned in the paragraph 7), wherein the
internediate |ayed cbRpRgNelis racedingmiedipng £:snagitioned i thenparagneph d),
recordi ng di um as nentioned iq1the ,a&a rafh %2, ,

wherein the secondary layer has a thickness smaller than that of the primary

layer. '

3) A magnetic recording medium as mentioned in the paragraph 1),

wherein the secondary layer has a saturated magnetié flux density smaller than

that of the primary layer.

4) A magnetic recording medium as mentioned in the paragraph 1),
wherein the spacer layer has a surface roughness Rmax of 6nm or less and
another surface roughneés Ra of 0.6nm or less, where Rmax is defined as a
maximum height representative of a difference between a highest point and a
lowest point and where Ra is representative of a center-line-mean roughness.

5) A magnetic recording medium as mentioned in the paragraph 1),
wherein the spacer layer is made of a material comprising Ru.

6) A magnetic recording medium as mentioned in the paragraph 1),
wherein the base body comprises a substrate and an underlying layer formed
between the substrate and the first magnetic layer.

7) A magnetic recording medium as mentioned in the paragraph 6),
wherein the underlying layer comprises an intermediate layer having an hcp

(hexagonal close-packed) structure.




wherein one |ayer of the plurality of layers of the internediate |ayer,

that is nearest to the first magnetic layer, is nmade of a ferromagnetic
material. 11) A magnetic recording nedium as nentioned in tdmapaocwEgr aph 6),
wherein the substrate is a glass substrate. 12) A nmagnetic recordi ng nmedi um
as nentioned in the paragraph 6), whereln the base body further conprises
a precoat |layer fornmed between the substrate and the underlying | ayer for
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, gnetic Tay conprises a pluralrity o ayers 1ncluding

the primary gmmgﬁﬁéﬁc lq@é?fﬁm?r&é&‘éﬁaﬁ%‘?mtl??gséuﬂﬁ?fﬁ?é‘fcﬁf?ar%ﬁﬁbt he

case where the etic Fayer conprises”a sing ayer, a thermal -

decay char qﬁmﬁy%%@étﬁ; fap®F oved and, simultaneously, a coercive force
squareness ratido (S*) and a pulse wwdth (PW are inproved. As described

above, the secondqgr A haipieticvessrehgetiRim te rhéstidrasin th@@hrédrafih 7he _
primary |layer has a thickness smaller than that of the primary layer. Wth

t hi s structwhereintthe imlermediaté dgyer coripaises @l plutdlity kf mydrd.ocated farther from
the base body mainly has magnetic recording/reproduci ng functions while
the secondary |d@er A miagnietieirgcarding raadiunvaareenticewddn the paragrapi 8).body
-has a 10 MAY 2005 function of preventing the disturbance in crystal

ori ent at i ovNeReipane iayer of thelugalinhel inyersyalihe intarpediats layer Abaf idn t he

o mone Fea BT ) o s BtV BB R 2 2
roviding an  acdit: Saro Sl e RRREH ARk RACuE R aRl W ine iy i G .
|l attice coQsiefdih th@@ﬁg&)ﬁé@qg%@gsé BgssrRE the spacer layer and the prinmary

| ayer suitable for t nmagnetTc recording/reproducing operations, the
difference in |atpjca mgpﬁéﬁ@tecobemg&ﬁéumhea@hmmmﬁeatinwgaﬂa@ymspan be

reduced. The additional [ayer (the secondary layer) is mainly intended to
appr oxi mat whensindhe babke blody tfutberccoreprisessa precoat layer formed between the '
substrate and the underlying layer for controlling crystal grains of the first and
the second magnetic layers.
13) A magnetic recording medium as mentioned in the paragraph 12},
wherein the precoat-layer is made of an alloy comprisling Cr and Ta.
As described above, the second magnetic layer comprises a plurality of
layers including the primary and the secondary layers. Inthis case, as
compared with the case where the second magnetic layer comprises a single
layer, a thermal decay characteristic is impfoved and, simultaneously, a coercive
force squareness ratio (S*) and a pulse width (PW) are improved. ,
As described above, the secondary Iaygr located nearer to the base
body than the primary layer has a thickness smaller than that of the primary layer.
With this structure, the primary layer relatively thick and located farther from the

base body mainly has magnetic recording/reproducing functions while the

secondary Iéyer relatively thin and located nearer to the base body has a




Therefore, the additional |ayer (the secondary l|layer) is preferably thin.
By matching the lattice constants, the disturbance in crystal orientation
i s suppressed as conpared Wth the case where the primary 10 Bp&r2065
directly formed on the spacer layer. As a result, the coercive force
squareness ratio (S*) and the pul se wi df h (PW can be inproved. In this
case, however, if the secondary |ayer having an excessively |large

-ani sot ' netic field is selected as the additional thin |layer in.
order to THRTRMGIPTEUSRINGNeAISERRRCe rayslal PRRRAIARIHERT - WaRta BN e

ot or ot oOREY TRy 4 Ay RO ot aBange  t or actoa and the
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thick | ayeftidtrahstantsSpmrokiimdts tb¥4eh)otRel 2afRrefofe,! J%ggfgﬁg gral thin

| ayer. Specifically, the crystal orientation is inprove

si mul t aneoadtifionahaye (Harmelyr PERarRohtarykged Mavind 4 RitBes constart ween the
first magnetic |layer and the second magnetic layer is not easily affected

by the ani approsphatentaghese of thespacdr Idgernd theQirirmany lagel suitabéd for hen | ayer
(nanely, the secondary |ayer). Thus, the thernmal decay characteristic is

i nproved whagaetie seearding/Xeproducieg snatationssther differencs’in lattice comstapul se
wdth (PW, are i rrgroved. Herein, the anisotropic mag'r_]eti c field of the

addi t i onal betvesn thpabaye-meationed yaes Gan ke sedycgd. chfhe addifienaldayar(te t o as
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Cpper  magnare ey B AaBhnnl aferm Betondhy RarroRERE b B oner

magneti ¢ | aythind'te lifde SdndtaftsUHHEdisTTROASd ér?%’t‘éi ofigfaligp achi eved if the

content of Pt in the |ower magnetic Tayer is smafler than that in the upper
magneti c laypressepkas tonmddryd withethe @akeWherk the peintirgila\re i$ giretly | ower or

the wupper magnetic layer is adjusted within a range between 5 and 14 at%
(nanely, fatroed ondbecpacagémler. As a result, the coercive force squareness ratio :
(S* and the pulse width (PW) can be improved. |
In this case, however, if the secondary layer having an excessively large
anisotropic magnetic field is selected as the additional thin layer in order to
match the lattice constants, the antiferromagnetic exchange interaction between
the first magnetic layer made of a ferromagnetic material controlling the
antiferromagnetic exchange interaction and the second magnetic layer may be
impeded so that the thermal decay characteristic is deteriorated. In order to
avoid such disadvantage, the anisotropic magnetic field of the additional thin
- layer (namely, the secondary layer) nearer to the substrate must be smaller than
that of the thick layer (namely, the primary layer) adjacent to the additional thin
layer. Specifically, the crystal crientation is improved and, simultaneously, the

antiferromagnetic exchange interaction between the first magnetic layer and the

-second magnetic layer is not easily affected by the anisotropic magnetic field of -




By arranging the | ower magnetic |ayer of a small thickness between the
spacer |ayer and the upper magnetic layer, it is possible to prevent the
di sturbance in crystal orientation in case where the upper 10gieosc | ayer
is directly formed on the spacer |ayer. Presumably, this is because the
.matching in lattice constant between th8 | ower and the upper magnetic
| ayers is inproved as described above As a consequence t he coercive
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di st ur ban I'n cryst I of. Therefore, an increase in thickness of

the | over magnet fefdhy ahe GSADORIIABREREREI] & 1R8I RitiondPitir fayber fRove

into conS|derat|on t he omer gne ayer 1s des re e-as

possi bl e, 36\; %Xe?gmﬁéh véll be TRfePede 48 l&ﬁéﬁﬂb@ﬁéﬁ&‘la?ér)tdﬁhb' ek
nmagneti c Iayer 005 7 According to the studies of "the present

i nventors, ﬁemsmbemnné@uafb whicH Witbereferkbt ed asainiugiardnagestis lagei| ux
denS|ty of the I ower magnetic | ayer than that of the upper rragnetlc | ayer

serves to reafube adjustédby soutrelingthe benteohef Pt cergairieddn thy owearanapeetiEby
i nprove the nedium noise (S/N ratio). Asa consequence, the coercive force

squar eness lﬁmr | & theuppes maqgw@o&vam A@mw&rgj}\lﬁ@@m maﬂn@l;vwel;t oidhe o
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density of tic yer an that "o per nagnetlc | ayer

can be achigyed nidg rtéﬁe |&@}t.§aajuetedmﬁwa ParRObétveldies !aﬁwqa at%aqra@ﬁéw layer

Is greater than t hat I n the upper nmagnetic layer. Specifically, the

content of afomiopéreentdesh the | ower or the upper magnetic |ayer is

adj usted _ By arranging the lower magnetic layer of a small thickness between the
spacer layer and the upper magnetic layer, it is possible to prevent the
disturbance in crystal orientation in case where the upper magnetic layer is
directly formed on the spacer layer. Presumably, this is because the matching
in lattice constant between the lower and the upper magnetic Iayers is improved
as described above. Asa consequence, the coercive force squareness ratio
{(S* and the pulse width (PW) are improved. On the other hand, however, the
medium noise (S/N ratio) and the thermal decay characteristic may sometimes
be degraded. One of factors causing the degradation in medium noise (S/N
ratio) is as follows. The lower magnetic layer mismatching in lattice constant
from the spacer layer contains the disturbance in crystal orientation. Therefore,
an increase in thickness of the lower magnetic layer causes an increase in noise.
Taking the above into consideration, the iower magnetic-layer is desired to be as
thin as possible, keeping the effect of improving the orientation of the upper

magnetic layer.




within a range between 14 and 24 at% In this case, the | ower magnetic

| ayer has a thickness within a range between 5 and 80 angstrons, which is
preferable in preventing serious deterioration of the S/ NI¢tMAK@005The

t hi ckness of the upper magnetic |ayer is_ appropriately adjusted in
correspondence to a desired value of M Y t. The second magnetic |ayer may
conprise two |ayers, three layers, four or nore |ayers.  In view of the

oo Cmonet o | abbforind 1158 siavies de HerpRssat 'Eggl@ﬁssﬁﬁﬁ%@%ﬁi@@ Sit *"e
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crystal grains in or urther reduce

el ements Sugfagti®layr t&théfbbfgﬁngﬂd%"{ﬁa n*?egdé&@ (Mo _féé/ﬂfrﬁéié).adﬂgﬁ't o the

| ower nmagneti € | ayer. These € nts can ower ~ magnetic

| ayer usi ngcongdquencepthbberciid forel adbhneds faliySh 9s Msovel whileakhod of
depositing the l'ower nmagnetic |ayer by sputtering in an inactive gas

at mospher e pslsagvidiht (RVYE the ontavrite thatduteristie] fr@mbdiunanoehGIN ohtisieandi ti ng
the | ower magnetic | ayer by reactive sputtering in a m xed gas atnosphere
obt ai ned bythgi themgalzlecry chiscactaudstic can iBe#aprdvad. | nacti ve gas, and so on. In
this case, it is !E)_ref erable that these el ements are not excessively added.

This is because # fdgdinereinaithe ratisatedenagnalicinedensily afdhe loyesr arhe
dogs not - SRRHPER BT Torel AR SEHEIER, (e Io 0 CRIQNG My er and &
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22 at% . Pargpes whagrlefic ISRFdnbe aBhiaUed Fah&eontBht oCH cBnfathed in the lower
'mag'netic layer is greater than that in the upper magnetic layer. Specifically, the
content of Cr contained in the lower or the upper magnetic layer is adjusted
within a range between 14 and 24 at%. |
In this case, the lower magnetic layer has a thickness within a range
between 5 and 80 angstroms, which is preférabie in preventing serious
deterioration of the S/N ratio. The thickness of the upper magnetic layer is
appropriately adjusted in correspondence to a desired value of Mr+t. The -
second magnetic layer may comprise two layers, three layers, four or more
“layers. In view of the production cost, two or three layers are preferable.
As a material of the lower magnetic layer, use may be made of a Co-
.based alloy such as CoCrPtTa, CoCrTa, CoCrPt, CoPt, CoPtTa, CoCrPtTaB,
CoCrPtB, and CoCr (Cr < 22 at%).
Particularly, use of CoCrPtTa as the lower magnetic layer is preferable
because the S/N ratio is improved.
' For miniaturization of crystal grains in order to further reduce the

‘medium noise, an element or elements suchas O, N, C, H, and H,O }nay be




pref erabl e because a high coercive force (Hc) and a high S/ N characteristic
are achieved. As a material of the first magnetic | ayer, use. may be nade
of a Co- based alloy such as CoCr (Cr < 22at%, CoCrPt, Co@rRaB20080Cr Pt Ta,

CoCr Pt TaB, CoCrTa, and CoCrRu. The thickness of the first nmagnetic |ayer is
appropriately adjusted in correspondenceato a desired | evel of the thermnal

decay characteristic. Specifically, the thicknéss of the first nmagnetic
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been found out that, i the surface r esSs of t pacer Tayer

great, variachtameddy mixing 0,tMg NONNU,c6r OFREAE BhIn&X4 g9 Aty @et i jpn
between the first and the second nagnetic layers. In this event, the

~anti f er r ondfisetase, dig praferabienthat Heseoslemasintshare rotxebesivblytdtRicdng Tatd C
recording nmediumexhibits_a distribution so that in-plane distribution of
t he t her mal'S @86aYyse thecadditian ofdpese elementy asia gandetreases the nthgmetizationt , | f
t he spacer 'Ifgﬁ/ei has a SL%rface rOﬁ%hness gi ven by Rmax of 6nmor |ess and
Ra of 0.6nfId1e [WE Magpete ayer spitat Hirlowesmagnedis layendaes matt i on) i s

pacer T ay SOy Srde L8l ETIAND il layel SR agDenc layer.
the surface’ FaosSantans) bithe RERCLMAT eIHbEN PHBL Sant peiesr ne
CUbStrate T oogi TRy TR ReRR0.20 ahd 1B 2 e’ and Ra of 0. 6nm or
| ess. As a material of the upper magnetic layer, use may be made of a Co-
' based alloy such as CoCrPtB, CoCrPtTaB, CoCrPiTa, CoCrPt, CoCrTa, and
CoCr (Cr<22 at%). Particularly, CoCrPtB containing Co, Pt, and B is
preferable because a high coercive force (He) and a high S/N characteristic are
achieved.
As a material of the first magnetic layer, use may be made of a Co-
based alloy such as CoCr (Cr < 22at%), CoCrPt, CoCrPtB, CoCrPiTa,
CoCrPtTaB, CoCrTa, and CoCrRu. The thickness of the first magnetic fayer is
appropriately adjusted in correspondence to a desired level of the thermal decay
characterisﬁc. _ Specifically, the thickness of the first magnetic layer falls within a
" range betweeh 5 and 80 angstroms, |
Among the above-mentioned materials of the first magnetic layer, use of
CoCr is preferable because the thermal decay characteristic can be improved.

In this invention, the spacer layer preferably has a surface roughness

_Flmax of 6nm or less and another surface roughness Ra of 0.6nm or less. The




As a material of the spacer |ayer, use nmay be made of Ru, Rh, Ir, and an
all oy thereof, such as CoRu and N Ru. The thickness of the spacer |ayer is
appropriately adjusted within a range such that the antifett¥MAugeetic
exchange interaction is obtained. Specifically, the thickness falls within
a range between 4 and 10 angstroms, prePerably between 7 and 9 angstrons.
Particularly, use of Ru as a material of the spacer |layer is preferable
“because antif&rrom&i netic exchange interaction is great. Cenerally, the
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CoCr Pt, CoGQnRgfietjc iaydrsCo@n This ebat, it antiedioah&grictitasxchabye htermgsnof a
‘nonmagnetic or a ferromagnetic material. The internediate |ayer may

conpri se a Wihin & plage of theapagsetid recardingrmediuat exhibijea disiributigngethato  t hat
crystal matching with the upper magnetic |layer is inproved away fromthe

substrate t'BWéﬁQPsd'ﬁH@LﬁigBé}f thethesmat dpegiels Gausedex Speciicalindt fiambaan of Pt
| mcase. vndpdd B tneh dF isciater FipEhas o Haiaee rUEn BRSO ERGBHBREXAYI ng an
S ) BB BRI, s P RGO B 25 Py
has ‘a bcc RO R) %@hﬁp?eé?éd?' y intended.to i nprove a magnetostatic
| . In order to obtain a predetermined surface roughness of the spacer layer,
use is preferably made of a substrate which is mirror-polished to have the
predetermined surface roughness or less. Thus, the surface roughness of the
epacer layer can easily be adjusted to the predetermined level.
In this invention, it is preferable to use the substrate mirrer-polished into
Rmax of 6nm or less and Ra of 0.6nm or less. |
As a material of the spacer layer, use may be made of Ru, Rh, Ir, and an
alloy thereof, such as CoRu and NiRu. The thickness of the spacer layer is
appropriately adjusted within a range such that the antiferromagnetic exchange
interaction is obtained. Specifically, the thickness falls within a range between
4 and 10 angstroms, preferably b_etween? and 9 angstroms. Particularly, use
of Ru as a material of the spacer layer is preferable because antiferromagnetic
exchange interaction is great.
Generally, the magnetic recording medium has a structure in which the

underlying layer is formed between the substrate and the first magnetic layer.




characteristic. For exanple, the |
. , ower |ayer may be nade of [
;’3.2 iC:n 2235 tC(r) 2l)|m(:)¥ol(ft?[1 exanple, M, GV, GW and CI\/p.aTgt gtralagl I Z;EP
e grain size of a layer forned theMaEF005
g)[riexagp:\"e,ggg AIS?Rﬁd :ﬁyggsga&hbe made of a material such as Niﬁi Al Co
( , N, . ere tH€ intermediate |ayer is formn :
I nternmedi ate | ayer preferably has a thickness bet vveeny5 and 58rgﬁg,st£2ﬁs

The thickness t : .
O i ne (AS tungeing vl et o IAyREE ridudifb oRliftehhetiote BRTUSR TROTPy ©
ratio

I s decreased. Thet hj ckness_,1 r gt j
pr ef er adhavingapp (’Wéaﬂﬂﬂ@tq?%%?&%gﬁlﬁ@%@f ﬁgm%kr%)s{t al on:?g?tugtsi (r)lgt of

the magnetic |ayer js insyfficie i dizig W
advant a QQ’T%?"%@@&' %{"sb@héemjdltﬁeératr?ggibg?%&} ggg?@g)encgggeb e?ﬁg@g%m? Irrsit chi ng

witht he@gﬁ—%ﬁbtﬁq% ﬁi}aﬁ%rofitﬁe fi?gf(?ﬁé%fﬂéﬁc-laﬂ(ér fongeds the subatiad®. i nprove the

crystal ' '
y content of contained in the internediate | ayer is

~ smal ler d%\ﬁ?@\al%g?@; @‘fe Jhslyind Rryeb e berarsingle dayerrseladtethrom rge

i nterme adjusti'ng the cr [ [
( t ystal orientation of the [
Isgggir]Z i L%Iy?pg{ant ageou_sl y exhi bited. The material of the subst Pgtggeit !scnot
all'y be restricted. Use may be nade of al um nurr*] Ogl ﬁ%% gl ass
Be. IS vV

ceram cs, cerarmhésSntesmled 3
The ntesinkidizde Jayeahbsmen hon ieagenakeioseha WS of the

snoot hness of the surf
st rengt ha_naMimmmmgéﬁsf%ﬁ%tzrgﬁéﬁtghgh &tf ﬂg% mfalg%{s?f Eli/ef hﬁﬁng%éani cal
Anong vari ous gl ass substrates,, an am,)r u pstrate i's preferable.
pr ef er abhep istructier oFPr ﬁ{ja‘fnll?&, g Eﬁtt%rln%e@a&’t %gg# ﬁﬁ‘% t*é ﬁlaﬂgw ettty
substrate. As the ag_})r ﬁ; SSoCHSGa BN €9 o Ergf on the

c&f}r ?,o(gngg,a ?(IZ = "BYd e CFEEe The aitemediatd layet e

| .
gl ass, Buel 851Gk me glass, or the like. In case where the

gl ass substrate&s [l in i i i
gl as: S ot's $lnnidgrietic BF aSBfhddirtic méterfakr dsed termiedjat
tnitial &PW‘F}“@ ?ﬁi crysE{gg': grains exhibits distributi oﬁ beca sgefﬂ’e the

glass co i ' . N, .

- r'ia E‘Bhﬁa‘r"réeap WPANE Bt ByciEherfieintermadiate layesil e

the unde%‘& E]gl ‘Yaye at ?Ieas{&e a grecoat | ayer contr?lé(ly: f\éﬁaﬁg fglsfgf 2
avgtrdin &

grains o i - i isii
addr essegh%t(r)ﬁy ﬁ%ggﬁgt?gl?ag%ﬁhﬁ Hg::p;eé m?ghrreeit\?g?iyglt li’sll)lﬁlerqvHaél ] Fai ns* is
crystal gipspat owardsdheapper magnetic fayer (for example, thy BLhRREE pPis the

increased away from the substrate towards the upper magnetic layer).. In case

where the intermediate layer is used, a film arrangement having an AFC
structure may be represented by CoCr/CoCrPtTa/Ru/CoCrPtTa/CoCrPiB,
CoCr/CoCrPtTaJCoCrPtTa/Hu/CoCrPtTa/CoCrPt_B, and the like. The lower
a bee structure and is mainly intended to improve a magnetostatic

layer has
For example, the lower layer may be made of a material such as

The seed layer is

characteristic.

Cr and a Cr alioy (for example, CrMo, CrV, CrW, and CrTi).

intended to control the grain size of a layer formed thereon. For example, the

seed layer may be made of a material such as NiAj, AlCo, CrTi, CtNi,and AlRu.

In case where the intermediate layer is formed, the intermediate iayer

preferably has a thickness between 5 and 50 angstroms. - The thickness greater

than 50 angstroms is not preferable because magnetic grains in the magnetic

layer are increased in size so that the S/N ratio is decreased. The thickness




Use of an alloy containing O and Ta as the precoat |ayer is preferable
because the characteristics such as output (LF: |ow frequenc%//])é, t he pul se
width (PW, and the nmediumnoise (S/Nratio) are remarkabl§MEXEE ent. As
the alloy containing O and Ta, use may, pe made of CrTa and CrTaX (X Ti,
0J. The alloy containing & and Ta is plr f erabl e because an anor phous
structure or a 10 MAY 2005 12 substantially anorphous structure pronotes

~th i f ' Ey h_of | ins.. | LS. , th
cont ent. of TEeFeefit pgbs B Ishelpriien i de e oo an adbBEsibe or  of
Descri pt i y ) fi ¢ :

recor i ng et ReRsar g o HareU AT B o enton: P, 2

shows a r0U9hnesSirptﬂiéfé‘ageﬁbdé}‘reori(fb@;ﬁfé ‘Sb%(ﬂ%rﬁ%i%ﬂ 8#écglgséw€n roughness

(Ra) used in describing the magnetic recording Fig. 3is

a graph showterthddigterayéneaebe hdet)sps rﬂnétEﬁinﬁ/MtH i ﬁlagglgtri% Eﬁg? |sgnal

out put attenuation (Thermal Decay) 1I'n the nmagfietic reco di um of

thi s inventéxoellenh danpder odorther nprete HRN6E SR thaERPA! fid dhtémasTtes; and
Fig. 4 shows a filmstructure of a magnetic recordi ng nedi um according to

anot her entestitaiped inthe mternediatetiayer.is sPedier thar 22 ath. t Teubr hkeiboRe-

Enbodi nents: Now, a nmagnetic recordi ng nmedi um according to this invention
will be ddBepiigra funchenof tha intermediate dperr{ddjustingtinel argstaborienihsion of
Referring tp Fig. 1, il I,slstration is made of a magnetic recordi ng nmedi um
accor di ng ttget”Pl%QrB@@ Y¥) 15 advantagepusly exhibited.di ng nedi um according to the

2 A seed ayer HEAHRIEHIR bR R 5t speciioaly Raghered apise Bava
P ere | oo fasd o AUGhUR IR Bie2Sratls, B AiBE HRAC Ehhtr, Bt o
Isgetjh: Zyg; d‘??""’fﬁ?ﬁf@ ﬂuﬁ%r'eq?:ﬂ;clé’%rgo}bgﬁe%%%gﬁttﬁ@%ﬁﬁ%ce Bpﬂle%ﬁ)%?l%rtg,'tﬁg er 2, the
flatness, the mechanical strength, and the chemical durability, the glass
substrate is preferable. Among various glass substrates, an amorphous glass
| is particularly preferable in controlling the crystals of the film formed on the
substrate. As the amorphous glass, use may be made of aluminosilicate glass,
borosilicafe glass, soda lime glass, or the like. In case where the glass
substrate is used, it is presumed that, if microscopically seen, the initial growth of
the crystal grains exhibits distribution because the glass contains various
components. Therefore, it is desired to include, as the under!ying layer, at least
a precoat layer controlling the crystal grains of the magnetic Iayér. Herein,
“controlling the crystal grains" is addressed to the crystal grain size, the variation
(variance) of the crystal grain size, and so on.
Use of an alloy containing Cr and Ta as the preéoat layer is preferable
because the characteristics such 'as output (LF: low frequency), the pulse width
{PW), and the medium noise (S/N ratio) are remarkably excellent. As the alloy

containing Cr and Ta, use may be made of CrTa and CrTaX (X: Ti, 0,). The

_al#qy containing Cr and Ta is preferable because an amorphous-'structure ora




is referred to as a base body. A conbination of the |ower magnetic |layer 71
and the upper magnetic layer 72 forns a second magnetic |ayer 7. The gl ass
substrate is made of an alum nosilicate glass chenmically szggﬂgg&gned and
10 MAY 2005 13 mrror-polished to surface roughnesses Ra 0.3nmand Rmax
3.2nm (neasured by an inter-atomc for d& m croscope). The surface
roughness Ra is representative of a center-line-nmean roughness defined in
Japanese | S B0601. The center- |ine-mean roughness Ra.

ndustrial Standard J ) _
w1 now be bRl AnPRows PliielE bidnaits 176 Unfomuht FONTRAOIAGh 3h e
eval uation [ led froma ro nes rve | strated in Fig.
22l ong o drTas dels SuIBEHER, HeBripal o TmBl S B a e ’
center-1lings I is represented by the follow ng equation: Lm
Trei8en 50 § 2udg2
X X

Ra=- 0 |f( ere the roughness curve is represented by y = f (x)
when the center I&@M@@M&Mion I's defined as the X axis and
when the direction of vertica magni i 'atipn is defined as the Y axis.
That is, {he cenfhy-{ sRewSRAlin RHENISSH dihabfctielddidingnduiud] dcotling" |

obtained by integrating an absol ute val ue of devi ati on“between

cent er - | i néo anreanbddinrent @i tids ventiye; by the section of the eval uation
length into an integrated value and by averaging the integrated value with
the section. |n Fig @shaws dypughmessantres fdriuse- imnsescribing nesste Rind-metef i-ned
as an average value _of an absolute value of deviation between the

cent er - | i nEOHMesrdRa) ugad & deseihing themmagseti¢ tecordiogghedium 6hiEg. Is a

maxi mum hei ght rgﬂﬁsent atiyve of a difference between a hi ghest point and

a | owest point o dS & grepdeshowing the relatiansbip betwespdhe &Niratio endithe
Standard J pr.eco | a 2 comprises a,.CrTa apor phous | ayer
Chaving a SERRERRbuL A8En BT nerPéDeSafiin the Berbriroeu O Beohem el at o o
ratio of Ghjs invention, in comparison with reference and comparative examples; and
Fig. 4 shows a film structure of a magnetic recording medium according
- to another embodiment of this invention.

Descripti f th ferred Em iments:

Now, a magnetic recording medium according to this invention will be
~ described in conjunction with specific examples.
| Example 1
Referring to Fig. 1, illustration is made of a magnetic recording medium
- according to the Example 1.  The magnetic recording medium according to the
Example 1 includes a substrate (glass substrate) 1 on which a precdat layer 2, a
seed layer 3, an underlying layer 4, a first magnetic layer 5, a spacer layer 6, a
lower magnetic layer 71, an upper magnetic layer 72, a protection layer 8, and a
lubrication fayer 9 are successively laminated in this order. A combination of
the substrate 1, the precoat layer 2, the seed layer 3, and the underlying layer 4
is referred to as a base body. A combination of the lower magnetic layer 71 and
the upper magnetic layer 72 forms a second magnetic layer 7. The glass

substrate is made of an aluminosilicate glass chemically strengthened and




andTai s60: 40. The seed |l ayer 3 conprises an Al alloy film (having a

t hi ckness of 250 angstrons). 10 MAY 2005 14 The underlying | ayer 4
conprises a CWthin film (having a thickness of 100 angstsmawpo@nd i s
intended to inprove a crystal structure %f the first magnetic |ayer. The
- CrWunderlying layer 4 has a corrpositior‘} ratio of C: 90 at%andW 10at %
The CrWunderlying layer 4 is deposited by sputtering in a mxed gas

arystal or alSAOIREIR R ask Po oot BB 2 D5 By B RA | cyer

conpri ses ﬁgﬁe‘i‘%{f}a&m%d %ﬁ%\bﬂwé Hfﬁ‘%aﬁn&\égegp?’ayt hi ckness of 25 angstrons)

of a ferronmagneti c p structure. spacer er 6 conprises a Ru film

(having a thi ckness, Shridoe AAHGESHa s FoBrdsBBAVERSIE bbriel-@ndai comPr i ses

a CoCrPtTa alloy thin film aving a thickness angstrons
contents of rdyghnbls dEfined UGS In@ R4l St@ngarcﬁy% BbBo Rt %‘he‘?céh{éér— and 2

at % respectively. The upper nmagnetic |ayer 72 conprises a CoCrPtB all oy

thin film [ierieas raugbhssBRawinhowde aegsibeanwith réfegesodnioafigs2of Co, Cr,
Pt, and B are equal to 61 at% 20 at% 12 at% and 7 at% respectively.

The protection | &eoribrekavieg ahevaluatientengthdinds aamplecdfromhe rotgmess c
layer due to the contact Wth a magnetic head. The protection |ayer 8
conpri ses acuiyelilbgkateddn Rigrdawngerdirectianisd e agrdei-ting of therrpughness curve.

t hi ckness~ of 45 angstrons. The |ubrication layer 9 conprises a ljquid

| ubri cat or ec%?f‘ﬁ’ﬂﬁn"ﬂﬁﬁﬂ 5%@]'@?'.55 Radsyr @il?i’reis@&%/ﬁf% yntfaa/@ﬁlow&eq@% buf f er

the contact with the magnetic head., The |ubrication |layer 9 has a

t hi ckness of 8 angstrons. Next gsdiﬁl nﬂg \#'AII )ﬁe made of a method of
producing the magnetic record _rTEH.i o)) \( glq e above-nentioned
structure. At first, the glass subStrate was chem cally strengthened by

| owt enper 34pKrE thé %@?ﬂ%ﬁ%ﬁs r%EPé},‘éinE@d ng&f AP Whkniths chfgding E{f‘;% ';t e

was subjected to pre Ishing to p uce'a mrror surface
3.2nm Ra zathpledbortibmed definet 2@ the X@tipahd whieh 8ise dRéctidieoidlatficalsubstrat e,

the precoat |ayer 2, the seed |ayer 3, the
: magnification is defined as the Y axis.

’ That is, the center—line-rﬁean roughness Ra is defined as a.value which
is obtained by integrating an absolute value of deviation between the center-line
and the roughness curve by the section of the evaluation length into an
integrated value and by averaging the integrated value with the section. In
other words, the center-line-mean roughness Ra is defined as an average value
of an absolute value of deviation between the center-line and thé roughness
curve.

The surface roughness Rmax is a maximum height representative of a
difference between a highest point and a lowest point of the surface as also
defined in Japanese Industrial Standard JIS B0601.

The precoat layer 2 comprises a CrTa amorphous layer (having a
thickness of 300 angstroms). in this amorphous layer, the atomic ratio of Cr

and Tais 60 : 40. The seed layer 3 comprises an Al alloy film (having a

thickness of 250 angstroms).




10 MAY 2005 is underlying layer 4, the first magnetic |ayer 5, the spacer

| ayer 6, the |lower magnetic |layer 71, the upper magnetic |ayer 72, and
the.protection | ayer 8 were successively deposited by thel%%éYawma static
opposed sputtering apparatus. The under]ying |layer 4 was deposited by
sputtering in a m xed gas atnosphere of*4r +C02. ~ The protection |ayer 8 was
deposited by sputtering in a m xed gas atnosphere of Ar+H2. The remai ning

| :Tﬁéﬁf %) ﬁi c ot | oeThEUnBka Rl oSk o ‘d@éﬁn‘irﬁ ﬁlﬁ@?@?&@”‘éfsﬁigﬁé%sﬁnj k

WD R . i cati T ic di
@Zeéb?ai 2 e ROOBhaSGAe] BT REAAER 10Tt e BRI bR e ROy ce” iy
OLE of L cpadnetcRaEr vind eRACRRIBRITEYS, Stk dambodliodrRit of OF B 50 56
dB, the oveitss bh€ VENED aBher ThiiGHVW %?ﬂ%zﬂ? ga}e% id %eaagfi’e& Bg fsbgﬁ%r%?d indgcay

characteristic in ternms of the signa t attenlation

- dB/ decade. mikedgyast dtmdspherabf 0969y CO;RTPAE BIdraes © Mofdts GRihlRmMzatioh
addition, excellent results were obtained for all of the

recor di ng/ raferyslalgrainscofdha Grigy ustiedying fejerdi ng t he coercive force

squar eness ratioa_t(rg*_, the pulse wwdth (PW, the S/Nratio, and the
overwite chara irst megpety layen dsonaprizesc Soitstsedallogrikinnfitmsiaeidgian t he
fol |l owi ng fol | ow ng exanpl es and conparative exanpl es,

neasurenengﬁ"gg'gé%‘gjfg9}‘§ﬂé‘)m§)aﬂfea frstaBagneticthepclaictinge force (He) and the
coercive force s reness rabi O&AS’.* wer.e a( ured by a magnetoneter head
(Hr/Mt Disk Map RRSRLIYE! Br W&Qeﬁlﬁﬂf%r E@Y‘HQiao cknegS@f &w of t he

. IV Lstict . £

(1) 1o or EPERgSRIcThe R InagRER gfePT R psts A pocyldahou i aln “Tre
coer ci ve  ghaing BUAIRAGSPof 8 BNBSSY). | ThéBohBRor ; DI BRI hPTh Br! ane

orientation and nagnetic separation ween ma Fcgral

General |y, equalitglve atvs| 18aio%, Pachenndamtosl Qedfetivly> 16
| The uppef magnetic layer 72 comprises a CoCrPtB alloy thin film
(having a thickness of 150 angstroms). The contents of Co; Cr, Pt, and B are
e_quaf fo 61 at%, 20 at%, 12 at%, and 7 at%, respectively.

The protection layer 8 serves to prevent deterioration of the magnetic
layer due to the contact with a magnetic head. The protection iayer 8
comprises a hydrogenated carbon ( or a carbon hydride) film having a thickness
of 45 angstroms. The lubrication layer 9 comprises a liquid lubricator of
perfiuoropolyether. The lubrication fayer 9 serves fo buffer the contact with the
magnetic head. The lubrication layer 9 has a thickness of 8 angstroms.

Next, description will be made of a method of producing the magnetic
recording medium having the abqve-mentioned structure. At first, the glass
substrate was chemically stfengthened by low-temperature ion exchange. A
principal surface of the glass substrate was subjected to precision polishing to

~ produce a mirror surface (Rmax = 3.2nm, Ra = 0.3nm). Then, on the principal

surface of the glass substrate, the precoat layer 2, the seed layer 3, the




The output (LF) was neasured by a read wite analyzer (GQuzik). As far as
ot her el ectromagnetic conversion characteristics are maintai ned, the output
(LF) is preferably as high as possible in inmproving the er A®MAYZO®E The
pulse wdth (PWO0: half width of an isaolated signal waveforn) was neasured
in the follow ng manner. By -the read wlt e anal yzer (QGuzik) with an MR
(magnet oresi stive) head for PWh0 neasurenent nounted thereon, an isolated

ol ated welRiuTGEVER4: the S ERencle tayesp, fhechaneniaves 6y e oWerh  eopect
bs posei bi omAGRRTE layBr gt BiEH ShABR eI B2 Al the rBlsRuSh Tt g e
reater val (R BREMBlebofed b he Uselbrin AETE oBh ik et echntEraliles °

bt of fer enoanEURGEAfing Ty c? 1 i6s UBpOhERD) Pt Wined Gt NGRS
measuring reeaLaOg/ R BB igﬂé@‘&@s depokhed By'tsbgn%{hﬁgemwed gus he US? -

of a MR head having a headflying hei ghtof "0.025

~recor di ng/ ratpiospheragf AutHut Thetrediningdaydre e idepodRed bg)é{)gﬁe in & c!
e

(520000 bits/inch) were neasured when the relative speed ween the MR

head and t linacthgngas atmbspkers objoal Then, thepediordpolydiber Atricent Wasquency of
| OOMHz and the measuring band of 120MHz, noi se spectra upon the

r ecor di ng/ railied e thg pepection layer Bdnedippingue éatnbihedubpieationdayeiral yBurs, The
MR head used in this, measurenent had track wdths of 2.0-and 0.5 ft rn and
magneti ¢ hé&atagapte diskas eptaliesh and 0.11 tt mon wite and read sides,

espect uel . 2 olBa Rl Bk b GUER  B R PR BT o e 2
Cute - OGRS BieE e Hontss U EL S LRGN A DS S0l e
10 mfl gogﬁg:ﬁwg}]@@m oPQ2 Rbée, ithe 'R rafid 83038 AP RYIgYerkite degradation
characteristic (OW) of -33.34 dB, and the thermal decay characteristic in terms '
of the signal output attenuation of 0.12 -dB/decade. Thus, the thermal decay
characteristic was excellent. In addition, excellent ‘results were obtained for all
of the recording/reproducing characteristics including the coercive force
squareness ratio (5*), the pulse width (PW), the S/N ratio, and the overwrite
characteristic (QW).
These characteristics were measured in the following manner. Also in
following examples and comparative examples, measurement was made by the
same methods. The coercive force (Hc) and the coercive force squareness
ratio (S*) were measured by a magnetometer head (Hr/Mrt Disk Mapper
manufactured by DMS Corporatipn). In view of the improvement in PW and
thermal decay characteristic, the coercive force (Hc) is preferably as high as
- possible in a writing rrange of a head. The coercive force squareness ratio ($%)

~ is an index representing in-plane orientation and magnetic separation between

. the magnetic grains. Generally, a higher value is preferable.




insufficient witing ability of the head upon assenbling the H DI D. The
thermal decay characteristic was neasured in the follow ng manper. In
order to accurately evaluate only the signal attenuation dlEME S %he t her nal
decay of the magnetic recording nediun1w%%hout t he influence of
thermal -of f- track (the phenonmenon such at thermal expansion of a head
suspensi on causes deviation of the magnetic head with respect to the track

_ h . . : . : , I . ,
breparatron 1o ol ARSI B Rl Tt o
i . . ) AT [
in a head/diégli %gg@%rlé}snn%{q n g%&?@@ ?’5)%%? H%Irs ﬁ(\%'(?# &Wﬁ‘tﬁ%ﬁeﬂ(\%ﬂﬁ@& as
th ti . : . ; . - h
eadl diok neehar e A T g Bl BB

t enper at ur ewitth (RW60: half Widthe# ahtSolbearéighakvaRIBAR) WAk Reastired in the

hi gh-tenperature environnent. Wien the interior of the environnental tank

i s stabi | ifellaiving neanmmers e Bgdhe desid wpice ahdlyeer (GuiAQdNN bhevRi rcui t- sends a
wite signal to a wite device of the MR head to wite the signal into the
“magnet i ¢ di{@Rgnetarasistive)dieaddior EWS0 enesisyrerthensmountddeiherddig aiigolatedvr i tten
in the magnetic disk is.. read through a read device of the MR head,

anpl i fied bSPrELEctienaional was exiragied, B0 mrasrobisinedr asithieywidths otaral

eval uating. porti,on. The sj | eval uating portion records an anplitude

val ue of tfﬁg’??"égd"%‘ﬂ%%’m aggg‘?f %E%H%@%V%Uﬁéﬁ the utput signal with regpeditgnal

eval uati ng Rﬁfﬁd ) carries out neasurenent, for exanple, by the use of .a
spectrum aﬂa yzer!” As the condition of the above-nentioned neasurenent, the

i | LG . : . di
densi ty of the. oo pADAEMocRaing demERE NS0T, Brerdfaty Sl s R i hch. he
head used Thistibibecal®aa\shfalRh pulswiitilib s W diskiephlibdiorpuibdsl M a 1 ead
o) . m

track wwdth of 0.5 Am a wite gap |engt read gap | ength

of 0.1 1, u(signais)dosbe weittémin bsantteureze fO0did othehbiabll! a gfeABPYRILEQF MAY 2005
Conparative Exanple | Next, a magnetic recordi ng nedi umwas produced in the

manner si nPWA0 causemaninterfareoce bptwedre atjacent puiges (signalayrr prétiuce akxanpl e
| is omtted. The . .
-error upon reading the signal. This waveform'interference deteriorates the

error rate.

The S/N ratio was obtained by measuring recording/reproducing outputs
in the following manner. By the use of a MR head having a head flying height of
0.025 1 m, the recording/reproducing outputs at a linear recording density of 520
kfct (520000 bits/inch) were measured when the relative speed between the MR
head and the magnetic disk is equal to 10m/sec. At the carrier frequency of
100MHz and the measuring band of 120MHz, noise specira upon the

-reéording/reproducing operations were measured by a spectrum analyzer. The
MR head used in this measurement had track widths of 2.0 and 0.5z m and
magnetic head gap lengths of 0.20 and 0.11 1 m on write and read sides,
respectively. A higher S/N ratio prevents a signal reading error due 1o a noise
to improve the error rate and achieves a high recording density.

' The overwrite characteristic (OW) was similarly measuréd by the use of

the read write analyzer (Guzik). The overwrite characteristic is preferably as




magneti c di sk thus obtained had a coercive force (He) of 3639 Ce, the
coercive force squareness ratio (S*) of 0.54, the output {QI;‘E’)" of 1.39 nv,
the pulse width (PW of 12.6 nsec, the S/Nratio of 30.35 AY

overwite characteristic (OWN of -26.44_dB, and the signal output
attenuati-on of 0.17 -dB/decade as the t idr mal decay characteristic. It

w Il be understood that, as conpared with the existing AFC structure, the
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0, and *. ctrack¢iperphenondreomagsiethat thdirslal ekpangion ahaNegdsiuspehsiba accor di ng
to the exanple of this invention, the existing magnetic disk having an AFC

st ruct ur e, Cauers deviatiors of thg magnetic keatl wikthwaspdct to destrack ohake neagndic
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each drive nmaker. Cenerally, the signal output attenuation greater than
- 0. 2 dB/ deeadeontrollatie imterapéeridlire. in bhésraban@ostibe Aegdafiskuatohanibastobeen:
proposed. However,
a high-temperature environment. When the interior of the environmental tank is
stabilized at a preselected temperature, a read/write circuit sends a write signal
to a write device of the MR head to write the signal into the magnetic disk.
Immediately after the signal is wﬁtten, the signal written in the magnetic disk is..
- read through a read device of the MR head, amplified by the read/write circuit,
and then measured by a signal evaluating portion. The signal evaluating
portion records an amplitude value of the read signal ata predetérmined time
interval. The signal evaluating portion carries out measurement, for example,
by th_e use of a spectrum analyzer.
As the condition of the ab‘ove-mentiohed measurement, the _
environmental tank is kept ai a temperature of 60°C and the recording density of
“the signal written in the magnetic disk is 100 KFluxfinch. The head used in this
| measurement has a write track width of 2.0 £ m, a read track width of 0.5um, a
write gap length of 0.20 1+ m, a read gap length of 0.11 £ m, and é read/write
device floating height of 20nm. |




even the existing AFC structure is insufficient in thermal decay
characteristic and encounters the limtation in inprovenent of the S/N
ratio. On the other hand, wth the novel filmstructure ofIOM‘?iYszo?snvenftion,
it is possible to achieve a thermal decay resistance characteristic wth
the S/Nratio i nproved. This shows that 1&he recordi ng density can further
be inproved. Wth respect to the Ilimt of the existing AFC structure, the

i nprovenent in regording. depnsity corresponding to two generations is
possi bl e (intheé@@@@ﬁ&%%ﬁ@@z—'@hﬁv, , irrproverrelnt iln S/l\lratio rteqw(rj_egkf%s
[ | S8 . fer Xt,. magneti c.,
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It will be understood that, as compared with the existing AFC structure,

the film structure of this invention is excellent in thermal decay characteristic and
particularly improved in coércive force squareness ratio {(S*), pulse width (PW),
and overwrite characteristic (OW). In particular, the magnetic disk is génerally
required to have the overwrite characteristic (OW) of -30 dB or more, desirably,
-33 dB or more. it will be understood that writing was difficult in the existing
AFC structure and that the structure of this invention achieves the overwrite
characteristic (OW) in a sufficiently usable range.

Referring to Fig. 3, various magnetic recording media are evaluated for
the relationship between the S/N ratio and the signal output attenuation (decay).
In the figure, the symbols 4, [, and * correspond to the magnetic disk
having an AFC structure according to the example of this invention, the e;cisting

~ magnetic disk having an AFC structure, and the existing magnetic disk wﬁich
does not have an AFC structure, respectively. The ploﬁed values are obtained
for each magnetic disk when the film material and the film composition of the
undérlying layer 4 or the rnégnetic Iayer' are changed. |

Generally, in order to increase the recording density, the improvement of
the S/N ratio is essential. However, as seen from the graph, if the S/N ratio is

improved (i.e., the magnetic grains are miniaturized) in case where the AFC
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4) (D a) structure is not used, the signal output attenuation is increased (thermal decay is
deteriorated) so that the improvement of the S/N ratio is limited.

The allowance for the signal output attenuation is different in each drive
maker. Generally, the signal output attenuation greater than -0.2 dB/decade is

~ not acceptable. Therefore, the AFC structure has been proposed. However,
even the existing AFC structure is insufficieﬁt in thermal decay characteristic and
encounters the limitation in improvement of the S/N ratio. On the other hand,
with the novel film structure of this invention, it ‘is possible to achieve a thermal
decay resistance characteristic with the S/N ratio improved. This shows that
the recording density can further be improved. With respect to the limit of the
existing AFC structure, the improvement in recording density corresponding to
two generations is possiblé (in the magnetic disk, the improvement in S/N ratio -

‘required for one generation is about 2dB),

fer E !

Next, a magnetic disk was produced in the manner similar to Example 1
except that the lower magnetic layer 71 had a thickness of 80 angstroms and the
upper magnetic Iayer 72 had a thickness of 70 angstroms. The result is shown.
in Table 1. As seen from Table 1, a greater thickness of the lower magnetic
layer 71 than that of the upper magnetic fayer 72 results in remarkable
improvement in coercive force squareness ratio (S*) and overwrite characteristic
(OW) as well as improvement in pulse width (PW) as compared with the existing

AFC structure (Comparative Example 1) although the coercive forcé (Hc) is

decreased.
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Bekrence Exanple 2 Next, a nagnetic disk was produced in th n simlar
to Exanple | except that the Cr concentration and the Pt é@%@g%gﬁgtion of
the | ower magnetic layer 71 are increaiﬁp as shown in Table 1. The result
is shown in Table 1. As seen from Tabl e a greater anisotropic magnetic
field of the ower magnetic |ayer 71 than that of the upper magnetic |ayer
72 brings about renmarkable inprovenent in overwite characteristic (ON

al though the thermal decay characteristic is substantially simlar to that

of the existing AEC structure (Conparative Exanple 1). Exanples 2 and 3
Next, magnetic di ks were| prqduced ijn the nngr sfmljar tjo Exanple 1
except that the ECﬁ'@&ﬂtl’cﬁti&an t ke |l @Wer- magnetd cl kayeq [F1 was changed
(the saturated |‘?:“f & [dansigy & |the E)VE% VEgnietd ¢ Layer 71 was -
changed) in Exa IE‘E and( thdt the At c>ncentratio1 of the | onwer magnetic
‘layer 71 was chapged—{thp—antsoet+rogi-cHmrghetie—ie of —tthe—] ower nmagnetic
layer 71 was chgnggd) - n Fgg<anglag§3. Phe pesu tisgal hegywp #n| Table 1. By
changi ng the Cr clon@en atmbr f| the bones nggregi %%ayef 7§ n Exanple 2,
" the saturated magnetic flux cens t%Y lof” {1 | Sver Pnpadhet F |1 Byler 71 is  yet
smal l er than that| of the up,per‘,rrag,pet'gc lavlel, T20ap Fonpated W th Exanpl e
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concentration of the |ower nmagnetic |layer 71 in Exanple 3, the coercive
force (Hc) and the thermal decay characteristic were inproved. Exanple 4
and 5 Next, nagnetic disks were produced in the manner simlar_to Exanple 1
except that the conposition of the |ower nmagnetic |ayer 71%4&Yé#8nged as
shown in Table 1 (the content of Ta was 4hcreased and the ‘content of Pt was
decreased). The results are shown in Table 1. As seen from Table 1, both of

10 MAY 2005 22 t@eF Exa[{ézges 4!aad 5 are further inproved in S/INratio by
the increase in =~F£n Exanple 4, the thernmal decay _
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tic di ' i m ; . | t that
The O concaney of FanTSTERRd fo sHOwHRE Pabiedt L respn R SRR 1L B4 s hown
in Tabl e 1.Adbeet aBH Tabls 1SROYfeatdt éfﬁéﬂtF‘or%% H’%ﬁn%ﬁﬁ‘ﬁefd &%J%%& n]lzlagrteué't han

ani sotropi c nmagnetic field of the | ower ayer 'S sma

that of tHeyemppethamibacdi thel @pisdr nidgndtRBY&T 72 bhifgs abstitabRfr etic flux
density of the lower magnetic layer 71 is” greater than that of the upper
magneti c | df@roveamenidntdvarwiiteectirbicteriiio(OW) datheughiaé tbrmabdeedypar ed wi th
t he above-nentioned Exanples: 1-5, it will be understood that, when the
“ani sot r opi ChREHErstic isistbgtastially sénilase thated e iexisting &FC7dtructurenal | er 't han
t hat of th? uE_Per magnetic |ayer 72 and when the saturated nmagnetic fl ux
density of (PREAEHENE Examela D). ayer 71 is smaller than that of the upper

magnetic | ayer 7% E Erg_éet i f;di sk excellent in thermal decay
characteristic a rn coercive force squareness ratio (S%),
pul se width (PW | ] L.S§1.C and nedi.um.nai se (S/N) is
Bl S8 ¢ o y,[e%?@%r%tﬁ;p @gﬂé%trg broducediPhe nfliher EMIAS %'xampqe 1
except that the Cr concentration of the lower magnetic layer 71 was changed ‘

(the saturated magnetic flux density of the lower magnetic layer 71 was
changed) in Example 2 and that the Pt concentration of the lower magnetic layer
71 was changed (the anisotropic magnetic field of the iower magnetic layer 71

| was changed) in Example 3. The results are shown in Table 1.

By changing the Cr concentration of the lower magnetic layer 71 in
Example 2, the saturated magnetic fiux density of the lower magnetic layer 71 is
yet smaller than that of the upper magnetic layer 72 as compared with Example
1. Thus, with respect to the magnetic disk of Example 1, the overwrite
characteristic (OW) and the S/N ratio are further improved. By changing the Pt
concentration of the lower magnetic layer 71 in Example 3, the coercive force
(He) and the thermal decay characteristic were improved.

Example 4 and 5

Next, magnetic disks were produced in the manner similar to Example 1
except that the composition of the lower magnetic layer 71 was changed as
shown in Table 1 (the content of Ta was increased and the content of Pt was

decreased). The results are shown in Table 1. ~As seen from Table 1, both of




Next, a magnetic di sk was produced in the manner simlar to Exanple 1

except that the precoat |layer 2 of an alloy containing Cr W{g{)d@as not
formed. The result is shown in Table 1. As WII| be understoo rom

conparison with the data in the exanples, by formng the precoat |ayer 2
made of the alloy containing Cr and Ta% the gl ass substrate; it is
. possible to inprove the coercive force (Hc), the coercive force squareness

ratio (S*), Wi d P and the atio. 10 NAY 2005 23
Exanpl (e ??ewg]%éﬁéb%g 4I1"f"3)cs g@?GWW&fﬂWﬁ) q/n§/ﬁla@@od}y thedagea@sednr ecor di ng
medi um acc ' £ lp F.a. 4 ,the neti.c.recqrdi ng medi um
accor?i' ?ﬁ E%Hﬂ%%ﬁe%ﬁﬁgﬁboﬁ%éuﬂﬁdﬁ\%ﬁm@h@ew agﬁﬁ'ﬁ'ﬂ%ﬁn ?;h@fa&wrée 1k 0
excep a exagona se-packe
structure m%@a?ﬂﬁﬁéﬁ‘%@& %?\%enfuallé@wﬂﬁpﬁdﬁyﬂﬁéjg &8s 'Q(S’Oé‘f%?é’ﬁﬁ?w 10
at% of theslthoueBrthdicBerdi | | I hi s
case, the interugedi atcegrql\?’}grcﬁgé%”?rebﬁgs%ﬁ e#sf gi'nalge"zltday\é'gﬁfemgalf}%@@%of a
CoCr Pt Ta_aldxigtingaviaggetic disR@Pee AFO stAfctGe AivEE: o Pt: 8 at%
and Ta: 2 at% The gi ntermedi ate | ayer %g%h(@ﬁ%rﬁ'%%ggﬁé?tﬁo angstrons.
- The i nternedi at e RefgmmceBxdmasiethe hcp structure and is intended to-adjust
the crystal orientation of the magnetic |ayer having the hcp structure.
Except the preseiNgxtci magspetic diskrwas peadiidedyis thetthanbeagphitarGo iBapipie har. t o

Exanpl e 1. The OBCrPtTa alloy is a ferromagnetic material. As a result,
the excel | EXFeRIAARRIELT eoncentration of e lawesdnagnedic, layér? t vasaodacédase (Hc)

of 3668 Ce he .c ive force uareness__ratio (S*) of 0.80, the output
(LF) of 1. §BBY¥[},'” ﬁé%pm s@wf%ﬁ'iﬁ% phgwarin Table hses seendramy dabiei t,dhe
-characteri gti - he SIN ratio of_29.79 dB, and the
t her nal de%gifsgg)%rﬂ%q%% @%@gﬁﬁ?e f&g"e&fﬂﬁ%’?%ﬁ: 'WW%%SW@E% thagfthatofnpl e 1,
Exanpl e 6 #fe hakhtic | €Chy] | rge squareness ratiq (S*),
pul se width ( , aﬁ@l’t ﬁeh%?r(’na%bﬁggggr%éﬁggﬁgﬁi"g?g e J%@?@Wf? this
i s becausetHehewer esafieticMaydriTg isigieSloiashingt bAYRY u;ﬁ:?eﬁﬁéﬁﬁ(?tié @ty@ld?é’St the
crystal orientation of the magnetic layer having tHe hcp structare:
so that the S/N ratio is deteriorated. As compared with the above-mentioned
Examples 1-5, it will be understood that, when the anisotropic magnetic field of
the lower magnetic layer 71 is smaller than that of the upper magnetic layer 72
and when the saturated magnetic flux density of the lower magnetic layer 71 is -
smaller than that of the upper magnetic layer 72, a magnetic disk excellent in
thermal decay characteristic and excellent in coercive force squareness ratio
(S%), pulse width (PW), overwrite characteristic (OW), and medium noise (S/N) is

- obtained.
Comparative Example 4
Next, a magnetic disk was produced in the manner similar to Example 1
except that the precoat layer 2 of an alloy containing Cr and Ta was not formed.
The result is shown in Table 1. As will be understood from comparison with the
data in the examples, by forming the precoat layer 2 madé of the alioy containing -
Cr and Ta on the glass substrate, it is possible to improve the coercive force (Hc),

the coercive force squareness ratio (S*), the pulse width (PW), and the S/N ratio.




Example 7 A magnetic di sk was produced in the manner simlar to Exanple 6
of Fig.- 4 except that an additional internediate |ayer nade of a CoCr

all oy was interposed between the CGWthin film(Cr: 90 at(ﬁ%{/}& §X 10 at %
41 of the 10 MAY 2005 24 underlying | ay 5 4 and the inter & 5Iayer
(Co: 71 at% Cr: 19 ato/o, Pt: 8 at% a: 2 at% 42. The CoCr alloy had a
.conposition of Co: 80 at%and Cr: 20 at% The additional internediate

| ayer had a thi Ckﬁ&ﬁ!ﬁgﬁ% angstrons. In Exanple 7, the content of Pt is
~increased away fromthe substrate towards the upper magnetic |ayer 72 so

that the crystal Réfe@ﬂ@@itd Fiy. 4, }i!ﬁjsftrlaﬂon gg%gilbgcﬁ 15 ﬁiﬁghe{ié réc{ﬁ?{iﬂéﬁﬁgdi%cem

this respect, Exanple Is simlar to ares

excel | aecadingrto £ i \ache] | ' f
excel | ent checadingrto Sxaesples. e 10F@i /oK rﬂag?retictr?é‘%r‘faﬁ@_’@kf?ﬂﬁjmfaef:%{ 0

3659 Ce, the coercive force squareness ratio (S the "ou (LF)

of 1.48 nV, Examples wesiptotu¢ein e manfemsiatiar 1O ExaypioM id@eptihat a5t eri stic
(OWN of 33.15 -dB, the S/INratio of 29.55 dB, and the thermaF decay of

0. 06 - dB/ delpiImediaie dayasA2baving la opafheixagohalanose patite) GaeictireaviPr ce
squareness . ratio and the thermal decay characteristic are further
i nproved. |'H19&B€ﬁqqa lptwesnea CeV, thim filno 4il Bira90 aits @ind We 108m%gtofehé ayer is
Exarpl ¢ & WIBETSNGIAREa ARCNG i HagnGItRYer 51 orEihimphss, thofntargeistemtcept
and Ra of orertE e AP e by el Bate el & G0 PR @loy heRid 3 oughness
W th The suandRs(Eh HTETTRR br Y (e R aeh st bace
A el ek i M
whi ch is sd@dtesrthedichystrmtaie 4red is intended to adjust the crystal orientation of the
magnetic layer having the hep structure. Except the presence of ihe
| intermediate layer 42, Example 6 is similar to Example 1. The CoCrPiTa alloy
is a ferromagnetic material. As a result, the excellent characteristics were
_obtained, i.e., the coercive force (Hc) of 3668 Oe, the coercive force squareness
ratio (S*) of 0.80, the output (LF) of 1.50 mV, the puise width (PW) of 12,0 nsec,
' the overwrite ch_aracteristic (OW) of 33.21 -dB, the S/N ratio of 29.79 dB, and the
thermal decay of 0.07 -dB/decade.

As compar_ed with the result of Example 1, Example 6 is remarkably
improved in coercive force squareness ratio (S*), pulse width (PW), and the |
thermal decay characteristic. Presumably, this is because the presence of the
intermediate layer 42 serves to adjust the crystal orientation of the magnetic
layer having the hep structure.

Example 7

A magnetic disk was produced in the manner similar to Example 6 of Fig.

4 except that an additional intermediate layer made of a CoCr alloy was

interposed between the CrW thin film (Cr: 90 at% and W: 10 at%) 41 of the




hat of Exanple 1. Qther characteristics than the thermal decay are also
tsi m | ar torr}t)hose of Exanple 1. 10 MAY 2005 25 EXaniple 9%&\@[&?20(@ magnet i c
recordi ng medi um according to Exanple 9 was produced in the nmanner sinmlar
to Exanple 1 of Fig. | except that a gl a%? substrate having a surface
roughness given by Rmax of 7.2nm and Ra 0. 7nm was used as the gl ass
substrate 1. The substrate with the spacer layer 6 forned | ast was neasured

o that of (RATRANGIYRETa M fiptiare UG B8 o ek UR P e, ﬁ"é‘t@ﬁqté;np 0.
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| mproved if the dndSfamplebmlthgconieraf Pt REINHIIREC AV ABRCRS PhUfRPY Rex

of 6 nmor less and Ra of 0.6nnorless. This 1's bec

oughness dbwaiids tmupper mggnetic layae ugisodhhie ey sHELFOMBIGS Wil 1R Change
irntg»raction S snnﬁf)ﬂtihg% andgflattagned so that ifts function is uniformin a

pl ane. ExarffRreaetiolayer isimprdeed.t oEkcep hisgatpectNERGYHR AGLSHHafRPOSI ti on
of the fir magnetic layer 5 of Fig. 1, magnetic recording nmedia were
produced w HRpple 1-conposi tion of the first magnetic layer 5 adjusted as

foll within a yange of a Co-based alloy thin film having a
fgr r gmrr,;gnet iC hcbl{%’f' ?‘Eﬂ*ﬁhf‘%‘? ex¢rllent sharagjeristiss were abiined e theeneidve o 14

' ' Ll m havi conposition of Al: 50 at% and Ru:
50 5t % and TIS61 (56 87 BRPYIGRe b cBpro Fleg sheRBeSE et (S IR 0dBotes ¢ hese
Exanpl es a itm ] | the first magnetic |ayer
5 hgg o Cofr-r’gg%htrq-tﬁbu -ng%@g@'leepl}lse.bﬂdtm i 1@.0 nsec, e Serma |
' characteristic (OW) of 33.15 -dB, the S/N ratio of 29.55 dB, and the thermal

: decay of 0.06 -dB/decade.

As compared with Examples 1 'and 6, the coercive force squareness
ratio and the thermal decay characteristic are further improved. In addition, the
crystal orientation of the magnetic layer is further improved.

Example 8

Next, a magnetic recording medium according to Example 8 was
produced in the manner similar to Example 1 of Fig. 1 except that a glass
substrate having a surface roughness given by Rmax of 5.5nm and Ra of 0.6nm
was used as the glass substrate 1. The surface roughness was measured by.

an inter-atomic force microscope (AFM).
The substrate with the spacer layer 6 formed‘ last was measured for the
surface roughness. As a result, the surface roughness was similar to that of the
-glass substrate 1 in this example. A
The thermal decay was 0.13 -dB/decade which is substantially equal to
that of Example 1. Other characteristics than the thermal decay are also similar

to those of Example 1.




at%andCr: 7at% In Exanple 11, the first nmagnetic.layer 5 has a conposition
---------- 10 MAY 2005 26 Of Co: 90at %andCr: 10at% In Exanple 12, the first
magnetic |layer 5 has a conposition of Co: 85 at% and Cr: 1EMAY P93
Exanple 13, the first nmagnetic layer 5 has a conposition of Co: 80 at% and
Cr: 20 at% In Exanple 14, the first ma&ﬁetic | ayer 5 has a conposition of
Co: 78 at%and Cr: 22 at% In each Exanple, the thickness is equal to that

in Exanple 1. As & Exanples 10 to 14 are simlar in coercive force
(Hc), ~coercive for areness ratio, output (I-F), pulse width (PW,

overwite charac it S4 | , : ratio. On.the other hand, the

t hermal decay chg\%ﬂé’?&ewas({n ?ﬁls: r%‘?dggwg@lﬁd’-ugkﬁ%@é’w Oné)wlﬁl%wﬁg, 0. 11
- dB/ decade produteeiihehe Ha i Example 12 .0, 12 -dB/ decade
in Exanpl e ?3, and 0.16 - r(ljr%r ecgﬁ%%l %FEL’QWI%XC‘?\PW‘%@WH st ood
that the theubstratddensnehauaate rogal gﬁé}sﬂ ont of in
the first nagnetic Iayegr: 5 and tthZ#Hr"téﬁg errﬁr%m%égil?‘%gﬁ? ﬁ'ﬁ@%ﬂ?ﬁ%i}%l y

det eri or at eWaghusedtdswethecglasnsuisdtra®e 4is 22 at % (Exanpl e 14). Therefore, the
material of the first nmagnetic |layer 5 preferabl'y contains C |ess.than 22

at% I n case wher Eh@subsiraiessith transRentdper 6 ®riedthdtafhnehbbred fof fle
to control the antiferromgnetic exchange interactionis

magnetic | aye

advant agemé'friacé’f HOMEhDGES. Cis Biieswt, ltke stidack roughniees weRtSMiladl 1kt bshgqual
to 22 at% l%gse @g ct,i QG' OIF, controlling the antiferromagneti c exchange
interacti o re S %&Faat il MISHXEPIB, in order to suppress the thernal

SETRPIMAEE 1 (LT o g ML R A M bl
gﬁé?:ﬁtgt 2r [ Wrﬁﬁeﬁ ?ﬁg?ﬁi&%gemhf@ﬁ@ﬁgﬁe tlhi?PS gg"%l@ﬁggé?%} the r ecordi ng
acor di ngl  eprodut oy ot Bl BEe BRI 1 Gn (W, overwrite
characteristic (O§mpdiny thadhermar@c® dhardbtbristics in Examples 1, 8, and 9, it

will be understood that the thermal decay characteristic is imﬁroved if the glass

substrate 1 has the surface roughness given by Rmax of 6 nm or less and Ra of

0.6 nmorless. This is because the surface roughness of the spacer layer 6

inducing the antiferromagnetic exchange interaction is smoothed and flattened

so that its function is uniform in a plane.
Examples 10-14
In order to investigate an advantageous composition of the first
magnetic layer 5 of Fig. 1, magnetic recording media were produced with the
composition of the first magnetic'layer S adjusted as follows within a range of a .
Co-based alioy thin film having a ferromagnetic hep structure.
| The seed layer 3 in each of Examples 10 to 14 comprises an Al alloy thin
film having a composition of Al: 50 at% and Ru: 50 at% and having a thickness
of 250 angstroms. “ '
Except the above, these Examples are similar to Example 1.

In Example 10, the first magnetic layer 5 has a composition of Co: 93

at% and Cr: 7 at%. In Example 11, the first magnetic layer 5 has a composition




10 MAY 2005 CLAIMS 1. A magnetic recording medi um conprising a base body
(1-4), a first magnetic layer (5) forrned on said base boﬂ%MAgzﬁgcond 4
magnetic layer (7), and a spacer |ayer (6) formed between sali I'rst an
said second ma a .gnetic layers, each of_said first and said second
magnetic | ayers being of ferromagnetic terial, said spacer |ayer being
for inducin antiferromagnetic .9 exchange interaction between said first

duc agne’ . . Lo laver bai na for

Cont 7ol 11 ngoar oAl E s et Qe HEEHhRR 14 e fradt et piprdRbena o
' | of i " | ayero (7 dary | ayer |

Tocated nearer "To 9o d bace Lo Kin Saa: pit ey PRaarte 168 gt y

| ayer havi nigyer Bihasar gorapbSiBon 6PUD: BBLRR éﬁq g'r%@gﬁg,a‘ fh éﬁ@fﬁ@fﬁ{,éﬂé ayer

havi ng a secondary ani sotropic magnetic.fie I S Sia sai d

primary anifirst maghetiortzyeebitmsia btpogition/of @clﬂ Tt 419 %ﬁ? @irdbs gyrarediyl g’a@i

clained in claim1, wherein said secondary |ayer ( has a thickne

drxample, Hfe thickdeps i f tbdatrin B@mpl8 1. A magneti c recording
?reng! {Jrenranth ai rrgd in clai mﬁl sglrs\q%a wher ei n saed secon dary layer (71) has
a saturated magnéts @ resull Exempnley 1040l are sitilar infulercie firte (BEj,mary | ayer
(72) . 4. A magnetic recording nediumas clained in any of the 'precedl ng
clai ms, whéPETFVE firge sgHB@nesayatio ridput €40 pdse midth {RW¥Es oRemiteof  6nm or

e g 5 TSR 50 % S et b
Centor- |1 oaraferictics b 910" UehoBhle MEEmPE-Afh o FE- dlPoapedn Exemed i n
any of the11poacedBibdatdinExaifigi1, 542 dEaseldd RtSlansie 83075 -
material conprising Ru. :
dB/decade in Example 14.
it will be understood that the thermal decay characteristic depends upon
the content of Cr in the first magnetic layer 5 and that the thermal decay is
discontinuously deteriorated when the content of Cr is 22 at% (Example 14).
Therefore, the material of the first magnetic layer 5 preferably contains
Crless than 22 at%. In case whére Cr is less than 22 at%, the function of the
first magnetic layer o control the antiferromagnetic exchange interaction is
- advantageously effective. On the other hand, if the content of Cr is equal to 22
- at%, the function of controlling the antiferromagnetic exchange interaction is
degraded. Therefore, in order to suppress the thermal decay, the first magnetic -
fayer preferably has the Cr content less than 22 at%.

As déscribed above, according to this invention, it is possible to obtain a
magnetic recording medium excellent in thermal decay characteristic.
Furthermore, it is possibie td obtain a magnetic recording medium excellent in
coercive force squareness ratio (S*) as well as in recordihg/reproducing
characteristics (pulse width (PW), overwrite characteristic (OW), and medium
noise (S/N)).




6. A magnetic recording nediumas claimed in any of the preceding clainms,
wherein said base body conprises a substrate (1) and an unﬂ&A &&Bg | ayer
(4) fornmed between said substrate and said first nagnetic ye 10 MAY
2005 28 7. A magnetic recording mediumas clained in claim®é, mherern

sai d underlying | ayer conprises an internmedi ate |ayer having an hcp
~(hexagonal cl ose-packed) structure. 8. A magnetic recordi ng nedi um as
clainmed in claim7, wherein said intePfRediate layer is forned so that
crystal natching ﬁr alignment with said primary magnetic layer is inproved
away from said ate towards said primary magnetic Iayer 9. A

t di di i . : | 7/ 8 '
oot e at o | ayer. Fonpr Rdaagfefl MBSk wRailiy ctmriisind,cbass body 10, a
magnetic r ecorﬁhshg*ragﬂéltturla?ér (8)aforédi oh Shiti Pade boAg! Q'ébcdﬁﬂemla Kéfic (@%} of

said plurality gers of thelnterrredlatelayer that 1s rest
said first magqg»t ARd| gy 8pacers iaer o (B faimesk betvmﬁmtsa;d nﬁsrstarami sa[rll sepond

t I
Sar'd subst rat o PORETERYE Bhoh & R il chlech efond iRiolRef iy abelna S * "
clai med i n anyfenomaghetit aateriél, safd $pacortiays eingifer hﬂ&@m@oﬁh‘hfé#éhﬁgﬁetlc
conprises a prec at l@'é gp%l formed between sald substrate and sard

under | yi ng | afé‘rc insdweey sayl figt and saidssecpndomepnetic layerss siid
5 b aon:" it Rt e UERRLTE PR S SR Radh Bk, ™
10 MAY 2005 memﬁmawmmm@gnm ldyer ébmiprisint a)bntrh#{ Rayees| (221a8d Ian a
magneti c recorgegr%anr??'y%?](% loca llrejgr%?toasga eastéolgjodythan said ];:-Inrn%try layer,
~ said primary layer having a primary anisotropic magnetic field, said secondary
layer having a secondary anisotropic magnetic fi e!d which is smaller than said
~ primary anisofropic magnetic field.

2. " A magnetic recording medium as claimed in claim 1, wherein
said secondary layer (71) has a thickness smaller than that of said primary
layer (72).

3. A magneti-c recording medium as claimed in claim 1 or 2,
wherein said secondary layer (71) has a saturated magnetic flux density
smaller than that of said primary layer (72).

4. A magnetic recording medium as claimed in any of the
preceding claims, wherein said spacer layer has a surface roughness Rmax
of 6nm or less and another surface roughness Ra of 0.6nm or less, where

: ~ Rmax s defined as a maximum height representative of a difference between
' a highest point and a lowest point and where Ra is representaﬁve of a center-
line-mean roughness. |

5. A magneﬁc recording medium as claimed in any of the
preceding claims wherein said spacer layer is made of a material comprising

- Ru.

o 6. A magnetic recording medium as claimed in any of the
preceding claims, wherein said base body compnses a substrate (1) and an
underlying layer (4) formed between said substrate and said first magnetic
fayer.




and second magnetic layers (5 and 7), each being of a ferromagnetic
material, and a spacer layer (6) forned between the first and the second
magnetic layers for inducing antiferromagneti c exchange i iBEAsCDISON
between the first and the second magnetiggl ayers, the second nagnetic

| ayer | ocated farther fromthe base body than the first magnetic |ayer

I ncl udes a primary | aye C ayer ( t eater to
t he base body t haﬁ?‘t he %r#‘%ﬁ%?@%@( diﬁ%Tﬁ%@'ﬁ‘nésr %%'@%é%hégﬁi Egﬂqdﬂ%rﬂp

ani sotropic Weuh@eﬂyi@df diayst | corhpseecandmtermediaer 1Bpsr davRgoarhcp
ani sotropic netic field which is smaller than the primary anisotropic
magnetic fi e{fg.xag@alicl@@—mﬁtéi pUCN®r is for controlling the

antiferromagneti ¢ gxchgQgga il AGkGRy MeBiud as claimed in claim 7, wherein
said intermediate fayer is formed so that crystal matching or alignment with
said primary magnetic layer is improved away from said substrate towards
said primary magnetic layer.

9. A magnetic recording medium | as claimed in claim 7 or 8,
wherein said intermediate layer comprises a pluralfity of layers (41 and 42).

_ 10. A magnetic recording medium as claimed in claim 9, wherein
one layer (42) of said plurality of layers of the intermediate layer, that is
nearest to said first magnetic layer, is made of a ferromagnetic material.

11. A magnetic recording medium as claimed in any one of claims 6
to 10, wherein said substrate is a glass substrate.

12. A magnetic recording medium as claimed in any one of claims 6
to 11, wherein said base body further comprises a precoat layer (2) formed
between said substrate and said underlying layer for controlling crystal grains
of said first and said second magnetic layers. _

13. A magnetic recording medium as claimed in claim 12, wherein

said precoat layer is made of an alloy comprising Cr and Ta.






