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 coe.gﬁlrivfg '(I'aﬁ suff|C| ent to hold recorded

magneti zati on as &ryed rg AP 2 m@epﬁiﬁq’qrﬁhrﬁgﬁnﬁd'ﬁﬁbf%%ﬁdﬂm fat the
recorded siwg on is called thernmal decay. In
“order to preg nt fﬂlgk%ﬁg%@r@%{%%%gm& Xuiafiof feeording ﬁ“’éﬁ'ﬁﬁﬁﬁ?ﬂ'ﬂf"”gl gnal
.is attenua afitiis. ous film structures have been proposed. Attention is 10
MAY 2005 2 recently attracted to one of the filmstructures which is

cald ed an AFC (Al ordéras aehleesRingticidas®in §6 ani ned
Pat ent Publicati-on No. 56923/ ZOOIC(JS 2"801665@2 3 Aﬁﬁ?%f%ﬁﬁ@ﬁﬁ&%,—@ﬂ%&

drive), a decrease in medium noise is indispensable. 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




A magnetic recordi ng nedi um di scl osed in Japanese Unexam ned Pat eht
Publ i cati on No. 56923/2001 has a nultilayer structure in which a nagnetic
| ayer is divided by a nonmagnetic separation |layer (qu, Rhjgiay26ys the
i ke) into upper and | ower magnetic |ayers. Specifically, the magnetic
| ayer is divided by the nonmagnetic sepaéation | ayer into a plurality of
magnetic | ayers -having magnetizing direCtions parallel to one another.

~Thus, the thermal decay~ characteristic is inproved. However, a filmusing
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i ncrease i N FEBO-EdupiedH Micelrd r ' r | oercive
. force squareness réﬁ 0 (ESH*))SFUI n agélé?ﬁ%é%%%eugﬁﬁ%@%ﬁ%%(’%bg@q’ﬂgo ‘
overwrite cfﬁﬁmz(u(jﬁ(\jmzmﬁesggggwgpr ated. The increase in magnetic |ayer .
thickness also results in an incredse In grain size of the magnetic |ayer

so that ~the medi Anmagnstic (dBordingt mediung diieloetH ghﬁéne@@exé mbd
recording/reproducing characteristics do not fully satisty recent” demands
in an i ncr eidentPublivatioi Mp. 56688/2001 IBwaraioitilafer Strudtiecmtvisien ££xanpl e
enbodi ments _of the present invention provide a nmagnetic recording nmedi um
‘whi ch i s exBEgnatic layertisdividad by eayorrhagreticeseparatiorslagier (Hu, Rh, Ir, or the
recordingtrﬁprodgﬁggg characteristics such as a coercive force squareness
ratio (S+)NRe)iy sfiatdiowen magnelicilageran abpecifically the magdetie diyemisioi se

ol love. 15 VARIBHLE AoHHRRdal Phseaialh o ainkyadbnelmapnele lavers r ot
tic | 3 on th tic, | , d
pacer 10 TRV BEGEPRg e CHORE nRRELEoE RBOPeR ! i Tondiamisiecay

magneti c |Q§rﬁ_‘r§¢teﬁ§ﬁ’lisqﬁ]p}»mc{i rst and the second nagnetic Iayer_s bei ng of -

a ferromagnetic material, the spacer |ayer being for inducing

Second, magnet 1 | ayere L am PERRE /STC SRUERED i Erddetiin vy ¢ e
thickness in total due to its structure although the thermal decay characteristic is
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




antiferromagneti c exchange interaction, the second nmagnetic | ayer
conprising a .primary |layer and a secondary | ayer |ocated nearer to the
base body than the primary layer, the prinmary |ayer havi ngogaprbssary

ani sotropi c magnetic field, the secondary |ayer having a secondary

ani sotropi c magnetic field which is smalBer than the primary ani sotropic
magnetic field. 2) A nmagnetic recording nmediumas nentioned in the _
par agr aph 1?, wherein the secondary | ayer has a thickness smaller than
that of thelgyer farmed belyeen 1Bp firstrangrtbeisecord maginetjc taydirsireach ofgheifiosted i n
t he paragraph 1), wherein the secondary |ayer has a saturated nagnetic -
flux densi tgng peeonchalagnetialayers beiagmiiadgrpmagpetic mpteralntgnepacer
recordi ng di um as ntjoped ip the paragraph 1), = wherein the spacer

| ayer has gFaé!ﬁF Fﬁ@& HFIEU KGRI BHATRAYA %0%38% intgeactigndiatween dhe Hsd
roughness 0.6nm pr | es wher I s defined,as a __maxjnmum hei ght
represent at (iil?)q S%“%@W@HBH@%’%’E{%E%?%%@@P laygr heinghier £onirg(iag theoi nt
and where ' l y& of - | i.ne- n_roughness. 5). A
magnet ¢ r e arRERIGERRR sRbh o i aBih he eCH ABnRR BT Shimarting 2 ne
spacer | ayegmd ' ' LS| [ rdi ng
nediun1as-ﬁgﬂP?QﬂE@sf%ﬁ?%éﬁ%§§g%@?%ﬁgﬁ??&%aﬁg?§?ﬁ°ﬁh%ﬁﬁggg%@géﬁa@gﬁ%rises a

substrate angmary KMpee 't}%/ bgﬂlalr%‘lé?é_r havifg& prﬂﬁhﬂ%‘@rﬁsétﬂﬁ)ié HiRdrledt i) dhé hﬁ

first magnetic l"ayer. nmegneti c recordi ng ‘medi um'as nentioned in the :
par agr aph econdaey leiyer hindng adsscoyidagy siyeirorsio Mridreds fiell wWhichrisesialee | ayer

havi ng an hcp (hexagonal cl ose-packed) structure. 10 MAY 2005 4 8) A
magnet i ¢ r dbandhegrimzay anisatropiermagnetit fieldt he paragraph 7), wherein the
internmediate layer is formed so that crystal matching or alignnent wth
the primary magnédi cAmaaneticyecomging @ediummps mesiionsd i thsspatagsaplodhr ds t he
primary m%q?etzriefn 4haey§erdondary 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 fess 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 méde 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.




9) A mmgnetic recording nmediumas nentioned in the paragraph 7), wherein
the internediate | ayer conprises a plurality of layers. 10) A nmagnetic
recordi ng medi um as nentioned in the paragraph 9), wherei mmaae2b@yer of
the plurality of layers of the internediate layer, that is nearest to the
first magnetic layer, is made of a ferrofmagnetic material. 11) A nagnetic
recordi ng nmedium as nentioned in the paragraph 6), wherein the substrate

paragraph 6 ithr & Fng s TRBORA eGP B el e FRRGAPR Y o,
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crystal grains o e second magnetic magneti c

recordi ng | % ' o hé"@l% '

precoat - | aﬁ?w?ﬁrrﬁae 0 bgﬁsgﬁ @?Fggﬁgn‘iﬁg’”% andt a. As?dgeeis%rgggl%bove,
t he second trhggﬁ@g;cqbyggrrpri ses a plurality of layers including the
primary and the“secondary”layers. In this case, as conpared with the case

wher e the second gyagueidghelieyecorckigmedRen asshedtiched iavtAe pafadraph Th! decay
characteristic is inproved and, sinultaneously, a coercive force

squar eness wiarein 1h84i)teamddimt ldyee cotririse$ B\Wluealidy ohjayered. As descri bed
above, the secondary |ayer |ocated nearer to the base body than the
primary |ayer hadOh #hincignetie reeartingrmediam asaerdioneddndhe paragraply8),. Wth
‘this structyre, the primary layer_relatively thick and | pcated farther from
t he base B‘fh?ie'ﬁ'é?ﬂﬂ ')T?Wﬂ"a@f%&gﬁhéﬁhy We'@b?ﬁiﬂdh?@ﬁ?ﬁﬂﬁ@ﬁ%'ﬂyﬁhé’ﬂﬂdﬁs whi | e
the "secondary | r relatively thin and. |ocated nearer, to.the base body
has a 10 vAgaIRssSY s i Biraient aenis iacs REAdPLPRAGRRLS TSR, o o
orientation in c : rlngry. bayer, | i t; t he

- spacer | ayer. Spg?l f%?ﬁgéﬁtgﬁeec%ﬁérj'ﬁﬁaﬂ%&'%yéesr @Q\?‘Phga&l‘ ﬁﬁr @éﬁ@gas&gS 'tabl e
for magnet Wherdif9é dLBSraBRE 204858 gupRpial | ons and the spacer |ayer are not
al ways have fattlce constant s” approxi mate to each other. Therefore, by
providing an addp}i anahgheieFedoraingleditftas Akmidacy ih 8yeparagpapig), a

| attice constant
: wherein the base body further comprises a 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




approximate to those of the spacer layer and the primary |layer suitable for
the nagnetic recording/reproduci ng operations, the difference in lattice
constant between the above-nentioned | ayers can be reducedoMENeo@ddi ti onal
| ayer (the secondary layer) is mainly intended to approximte (match) the
lattice constants. Therefore, the addit¥onal | ayer (the secondary | ayer)
Is preferably thin. By mnmatching the lattice constants, the disturbance in

-crystal orientatiqgn is. suppressed as conpared Wth the case where the.
primary | aj@ction iﬂf@&%wgp st Wf'a@ﬂ(i%'@r@pﬁélgﬁ?”@@%?r' imgase wesla the ¢ he
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thermal decay characteristic is deteriorated. Inorde’rto_ avoid such

di sadvant agéditibhal fagées (idraelycthetgeehtgry lagéﬁ Helvirid'g |afise EbRstaht thin |ayer
(nanely, the secondary Iayer3 nearer to the substrate nust be snmaller than
t hat -of t happroxitkaleapethoteaftthe spader Igyermardythegyrim aryadyacaritableofor fige '
additional thin |layer. Specifically, the crystal orientation is inproved
and, si nul nagestie recording/repeddcing opampiionscthexdifiaremeeiinfattioe constabet ween
the first netic layer and the second magnetic |ayer is not easily

af f ect ed- b ndhe shiavsgnentienerdiavers ¢an he seducedvayf epadditipnal dayartithenal
thin layer_(nanel t he seconda ver). Thus he rmal ., deca

char act or | SHTDORDY aybFis dRe Miended B abPerdibate BBt ff BHssaganss, s+)
and the: Me! : ' ' ' ropi C gnetic
field of thacreint t%ﬁ@&'ﬁﬁé@%@%@%@f@%gﬁ)&@f@r%f%@& ‘@@hi BUW T be
referred t@afthify tHYRHICRENRLASs! #Edi int dH i i the prinmary
llayer (whi cﬁ wi"qu be rclaf erredét 8’ as a{%ltlﬁ%%ﬁeérbe'r'r}agx%ﬁ 8*'?%‘3‘3??53 can be _
adj-ust ed bsupprassenl &s conipgees Withethe cabe Brharenheiphigshry Taydres ipugly nagnetic

| ayer or the upper magnetic layer. A smaller anisotropi'c nmagnetic field of
t he - formed on the spacer layer. 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 -




| ower magnetic layer than that of the upper nagnetic |ayer can be achi eved
If the content of Pt in the |ower magnetic layer is smaller than that in
the upper magnetic layer. Specifically, the content of Pticxmavabised in the
| ower or the upper nagnetic |ayer is adj6usted wi thin a range between 5 and
.14 at% (nanely, atom c percentages). By arranging the | ower nmagnetic |ayer
of a small thickness between the spacer |ayer and the upper nagnetic
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.above. As ﬁp@%@&ﬁ&fﬁe n)paltehﬁen&frB&&i ve force squareness ratio (S*) and the

pul se w dt are' i nproved. t he ot her hand, however, the nedium

noi se (S/N ratio)yandh g atnlih‘:t‘ftl‘r']égh:t %@Qéti@hgfda&fttﬁé !aﬁhitfbgmiﬁ%‘%f’ b?g/%N be

degraded. One of factors causi egradation in nedum norse

ratio) is aéeﬁoﬁkib%yeﬂ'hﬁhilbﬁww baRefpiddCtol £y 8 lowdrSRBE RS RYES drqhé:tmek

constant fromthe spacer |ayer contains the disturbance in crysta

Cayer causes an | noreasa’tn no ee G ot e anove I mia Cone: dor et on.

the | ower negnle adiuststby contdelting thie conteat abPt cdntainas ip diss idwer, migrgting t he

effect of inproving the orientation of the upper magnetic |ayer. 10 MAY

2005 7 Acdayeieighedippee madnetiedaysr. t Asmpalieranisotinpiamagsetic fieldef theen
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_ 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 Iayérs 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.




t he upper magnetic | ayer can be adjusted, for exanple, by controlling the
content of Cr contained in the | ower or the upper magnetic |layer. A smaller
saturated nmagnetic flux density of the |l ower nagnetic | ayet® MAdA0Shat of
the wupper magnetic |ayer can be achieveqd if the content of Cr contained in
the I ower magnetic layer is greater than that in the upper magnetic |ayer.
Specifically, the content of C contained in the |ower ‘or the upper

Case, the Tower nAQNEETS oapistils B I endSURRRr, s et ol dlen 5
of tho &/ N I e SirRuch] RieGhRAc A Qe Gl R B inaGtipue FloF i = -
etond magnit & e HaGRedCRRBNEIEE 10 R B hOEE LBt orhalbviy ' roro

ayers. 1N izt Idyef 1OHRALGY iMifrdv@The nidthudndidd EEN 2181 S Rsg preferabl e.
I ic | e m

As a material "of the | ower nmagne ayer, use may of "a Co- based

al | oy such esnderfdehtd ahe@eidive fére&Tsbliardrit rafie® B+ 3s inkievBl Watlle theoCr Pt B,
and CoCr (Cr < 22 at9% . Particul arly,abuse of OoCrESPtTTa as the | ower magnetic

|l ayer is prpiileeadidih (PVe) shis ovéivaitSicNaraténsticsthemediips nofser (Sl nakd)uahdat i on
of crystal grains in order to further reduce the nedium noise, an el enent
or el enent st?@dbarra@l decay charadieristiadcasPbedmptoyei0 NUY 2005 8 added to the
| ower magnetic | ayer. These el enents can be added to the | ower magnetic
| ayer using vari dbi Htef bgse thadthe satwsaied roagnetipfiuxcdensily afthelowssidiod of
O o BR bt ki B b % i ¢ g
o oo ARG TR oy S PGB0 SRS
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magnet | zat 1upper magnetic layer can be achieved if the content of Cr contained 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




of the I ower magnetic |layer so that the | ower magnetic | ayer does not

simul taneously serve as both an orientation control |ayer and a nagnetic

| ayer. The concentration of the gas to be added preferabl yo#alivl2a05wi t hi n a
range between 0. 1 and 2% nore preferably between 0.25 and M As a ,
material of the upper nmagnetic | ayer, us@ may be made of a Co- based all oy
such as CoCrPtB, CoCrPtTaB, CoCrPtTa, CoCrPt, CoCrTa, and CoCr (Cr < 22
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pref erabl e because the thernal "decay c teristic be Improved. In
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6nm or | ess and anot her surface roughness Ra of 0.6nm The 10 MAY
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I ndustrial , Standard JI SBO601 in the manner which will |ater be descri bed.
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' ‘ 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 betweeﬁ 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




6nmor |ess and Ra of 0.6nmor |ess, the above-nentioned variation
(distribution) is suppressed. In order to obtain a predeterm ned surface
roughness of the spacer layer, wuse is preferably nade of ¥ M&E3#i5ate which
is mrror-polished to have the predeterm ned surface roughness or |ess.
Thus, the surface roughness of the spac@ |ayer can easily be adjusted to
the predetermned level. In this invention, it is preferable to use the
"substrate mirror-polished into Rma 6nm or |ess and Ra of 0Q.6nm or

less. As a RHF@S BUghNesses wiawed o )B(?gﬁf"'? are spegified by Jagandndysitialrn, 1+, and
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in As the mﬁeprrbrﬁaggeﬂ@;éﬁéhar@;ndqhterrebtiideretfwéeﬁwmeS:rétné}{ ' SecNd
Internmedi ate | ayer having an hcp (hexagonal close-packed) structure, a

| over | ayermignetigiagetscc Inthisdyent the aatifesrdmagndicrasehehge irtefR@ion| ayer,
‘and so on may be formed in this order fromthe side of the first magnetic
| ayer t owari&hin igep'ane of tha magngtic eravadingehgdiutrexhibile aldistribufiery so thaty be a
single layer selected fromthese |ayers, The intermedi ate | ayer has an hcp
(hexagonal @1 é‘&ﬁ'l@é@?nﬁfﬁlﬂﬁ:mﬂf@w greay is causedde $pesifiga|yi dthasleearr yst al

orientation.of .th tic layer having the hcp,structure. For exanple,
the i nt er maapad aUf R fog shace & bpsz ?MF@Q% rughagesaien bydRmarst: B,
A CoGrPt, CoGrit Eﬁlesg'eq\dqggo-%:snm%r 'Iégs?{hreegllag\;eqrrleﬁi%ed variation

(distribution) is suppressed.

. 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.
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strength, the chemcal durability, the glass
substrate towards the upper magnetic fayer (1‘01CJ example, the content of Ptis

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




substrate is preferable. Anmong various gl ass substrates, an anorphous gl ass
is particularly preferable in controlling the crystals of the filmforned
on the substrate. As the anorphous gl ass, use may be nadel@FAY 2005

alum nosilicate glass, borosilicate gl , soda lime glass, or the |ike.
In case where the glass substrate is u , It is presuned that, if

m croscopically seen, the initial growth of the crystal grains exhibits
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of the crystal grains. In this case, the content of Ta preferably falls
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enmbodi nent flafness| the meehanioal 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




Description of the Preferred Enbodi nents: Now, a magnetic recordi ng nmedi um
according to this invention will be described in conjunction with specific
exanpl es. Exanple | Referring to Fig. 1, illustration is mde,of A magnetic
recordi ng nmedium according to the Exanple 1. The magnetic recording nedi um
according to the Exanple 1 includes a ddbstrat e (gl ass substrate) 1 on
which a precoat layer 2, a seed layer 3, an underlying layer 4, a first
magnetic | ace etic er 71, an upper

[0 8. S | ayer 6, a |ower ma c |l ayel _
magnet i ¢ | aybetapyially 2B1erpbeus Siurtile Pramotgadha UnfoRpicek BRI giyeh ob il o
he. pr eCoatYSBEIAREY b ol laRecliContenil TA ARl BB Tots iRy range | &
referred tcba%ﬁeén%ﬁséhéjgﬁ%\t%'a‘ conbi nati on of the | ower nagnetic |ayer 71
and the upper magnetic rayeir 72 forns a second magnetic |ayer 7. The glass

substrate is-nad$ﬂ3&£ggmﬁPﬂa%ggﬁ#ib&ﬁﬁﬁggIass chem cally strengthened and

10 MAY 2005 13 mrror-polishe 0 sur ce roughnesses Ra 0. 3nm and Rmax

3.2nm  (measured Ay, Bhows et Sl e maLAEAS RRRing HgdiaH é&@‘?ging |
oug efi1ned in

roughness Ra is representative of a center-[Ine-nmean ness

Japanese | nolasternipddifiemt dfitids HvenBe®01. The center- |ine-nean roughness -Ra
w Il now be described with reference to Fig. 2. A portion having an

eval uati on | engt Frig.i8 $howaapbedhiessmiave targhedasiesctibing d ¢éntst-limd-atbdnn -Fi g.
2 along a direction of a center-line of the roughness curve. The

cent er - | i nEQyghRessdBghnesd irdeserihing tresmagoetic yeaondingahediurmof Eigudg i on: Lm
Ra=- 0 1f(x)ldx _LMf. where the roughness curve is represented by y = f (Xx)
when the center [ih@ ig@ gaeh g&w&&%@lqtl%hipsb%ﬁeﬁébea%mtm@oﬂnd%h% and

) when. t he d%ibﬁﬁf élﬁﬂu?gﬁgﬁﬂéﬂocnah hefmal’ bfei:gy tiin rrlle irﬁsagcrll%ftiicr}ggor%lsngt %%di\(m? )c(). S
this 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




That is, the center-line-nmean roughness Ra is defined as a value which is
obt ai ned by integrating an absol ute val ue of deviati on between the
center-line and the roughness curve by the section of theiemalkuadsi on

|l ength into an integrated val ue and by %fraging the integrated value with
"~ the section. In other words, the cente I ne-mean roughness Ra is defined
as an average value of an absolute value of deviation between the
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St andard Jl he precoa es a CrTa anorphous | ayer

(having a thicknpgs gﬁag&%@ew@eeg@ reg;fégbhténwspb&wé Jifeart e, atom c

ratio of Cr andTai s% aye conprises an film

(having a idighkess efited hPJaitiesE MdlstridiChdarP s sééoi herhl@@@hiew ng

| ayer 4 conprises a O Wthin film (having a thickness of 0 angstroms)
and is int elinetheian rooghness Rawill aba bestiesibedewith r@ﬂ&%rﬁddt@tﬁgnﬂgnet ic

| ayer. The CrWunderlying |ayer 4 has a conposition ratio of Cr: 90

at Y%andW 10at % Th® pGriidhuinalénd) pnreyaluzgion ldngth Lde pe sampiediospatdighinegsi n a

m xed gas at nosphere of 0.75%Co2and Ar in order to pronote mniaturization
of crystal @ Hiustatedip Rig\@ alengra diragon & ercentertlire of thetrouglymess @invayer 5
conpri ses Co-based alloy thin film (having a thickness of 25 angstrons)
of a ferr oiﬂ%@?ﬁ‘ ter-fiegrnaggn raughpess ﬁ‘é‘ ig peRresentBbbY the ilgwing:equatiqhn: i | m

(having a thickness of 7 angstroms) The | ower magnetic layer 71 conprises

a. CoCrPt Ta aIonthlnf|Im (h Iffggéa 5angstroms) The
contents of Co, Cr, Pt, and Ta e al 19 at% 9 at% and 2
at% respectively. The upper magnetl | ayer 72 corrprl ses a CoCrpPtB all oy

H" nal;lljl rg g&l‘iel#é R réudHHe=sesve /f rek%e‘ﬁ'&ﬂfﬁijw} (x) WhenGREceRtet Iifk dttne O
sampled portion is defined as the X axis and when the direction of vertical
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).




equal to 61 at% 20 at% 12 at% and 7 at% respectively. The protection

| ayer 8 serves to prevent deterioration of the magnetic |ayer_due to the
contact Wth a magnetic head. The protection | ayer 8 corrp} 2005

hydr ogenat ed carbon (or a carbon hydride), fil mhaving a thickness of 45

angstrons. The lubrication [ayer 9 corrpr'%es a liquid lubricator of

per fl uoropol yether. The lubrication |ayer 9 serves to buffer the contact
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precision polishing’to produce a mrror- surface

0.3nm . The#it% and et PhispcCi khageink - he. precoat
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first magnenixed gaseatnnsphbee 6P0.78% CA,aINEAr LS roniBte Mihidturi2xXeh. 71,
t he upper nmagnetic |ayer 72, and the.protection |ayer 8 were successively

deposi ted WMakgrairmfofahet&WGndpmagdhmmte_ri ng apparatus. The
underlying | ayer 4 was deposited by sputtering in a m xed gas at rm_sphere
of Ar+C02. The pritiedisst magnaiie layer Geconupiaesia 6d-tasedmiioyehinftimi (havingizxed
gas at _rmsglpie&ge of ]Ar +H2. The remaining | ayers were deposited by sputtering -
in an inactf ﬁia%_%?t ABEYrIPE) ofa rrontagnetichos siadtirgor opol yet her .

| ubricant was apal |Sed onlthesprot ection | &xer 8 'bé di pping to _formthe

| ubrication |ayer '§.SPRGE QYL B foipmptses 3Rydlim{baypd & thicknesaof dagneti ¢ di sk
t hus obt ai ' h [\ f 3698 t coerci.ve force
?qp'\t;\?r epei 2%2??{'?%“? %;?%iﬁfgf éégz é@'ﬁéet%glﬁggﬁb ?‘ﬁ'l‘—:’)or 8¢S %@}Cqﬁ}?a f‘lﬂ%y ﬁ’b’i‘Jf’E‘é w![ dt h
_ 0 7 thi : roAr ik € eristic
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signal out pgtaldbtadnaiss, 1atth, 9 alR, adBLARIAEspelbivEly, t he thermal decay

characteristic was excellent. 1n addition, excellent results were obtained
~for all : The upper 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




of the recording/reproducing characteristics including the coercive force
squareness ratio (S*), the pulse wdth (PW, the S/ Nratio, and the
overwite characteristic (ON. These characteristics werel?M#%d in the
foll ow ng manner. Also in follow ng exg&Ples and conparati ve exanpl es,
measur enent was made by the -sane nethods? The coercive force (Hc) and the
coercive force squareness ratio (S*) were neasured by a magnetoneter héad
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i sol ated wavef orm at 50% of a peak val ue of the output signal wth respect
to ground gpjiedpsythe pretgatiore layenBriyy dippivigtty formvibe lubrigatisindeyen & aBhusyal |
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pulse width (PW) of 12.3 nsec, the S/N ratio of 30.38 dB, the overwrite
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.




in the foll ow ng manner. Bythe use of a MR head having a headflying

hei ghtof 0.025 /t m the recordi ng/reproducing outputs at_a |jinear
recordi ng density of 520 kfcl (520000 bits/inch) were meatMayMhen t he
rel ati ve speed between the MR head and . the magnetic disk is equal to
10m sec. At the carrier frequency of | and the neasuring band of
120MHz, noi se spectra upon the recording/reproducing operations were

measured b2 Sheris WA gte by A R el R S 1
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prevents a signal rea error due to a noiseé h rate
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was simlarly neasured’by the use ead I'te analyzer ("GQuzik). The

overw i t e- elidtra(RWEDShale width T ehdsalated SignavahYorRPw: | ossi bl e
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writing abifollawingfmanreerhe By the ceadesicerahalyget (Guik)Ohvith ahiRt her mal  decay
characteristic was neasured in the followng nmanner. In order to

“accur at el y (B\ggnetaresistive) heasl for FE50 meaasmermnenhmounatddthieheor, kerisalbteddecay
of the magnetic recordi ng nmediumw thout the influence of thermal-off-
track (the r%‘i’fé’ﬁ'&ﬁ@%ﬁ'%égwaﬁ igxtraciesk mitWEQ wassoldained as theawidtiuebamsi on
causes deviati.on of the etic head wth respect to the track on the
magnet i ¢ f%i%fgaiv}‘@’ehg@? gﬁga%e%ffﬁ Ppaly vavefdha output signal with)respedar at i on
I s made of ?cfhrhﬁO)head having a read/wite device in which a wite track
width is ag east ‘twice a read track wwdth. The MR head is set in a

head/ di sk mechani o i t | tic disk.as the

magneti c recordi ﬁgphrrel rﬁ?ﬁ%cé?) @E}‘,?‘g@ggg %ﬁ% gn%gg@%”gg%%ﬂgq? p??\c"'étﬁﬁ'ead/ di sk

mechani sm ThisfsbecAlige arsnealidr IR aldbREk gaﬁa r?i[dnﬁ%r%fipfﬂllée%”per ature in
u

order to expose the head/di sk nechanismto a high-tenperature environnment.
Wen the i (signdlgrtodie whtteriy broanteateal. (Onkhd sthe haht! & gRshtal vauproesel ect ed

tenperature, a read/wite circuit sends a wite si gna1 to a wite device

of the MR R¥RD eauses arsinteréerenge bletween atjaeenbguises ¢sighalk) to produce an
-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 £ 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 measured by the use of

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




| mredi ately after the signal is witten, the signal witten in the magnetic
disk is.. read through a read device of the MR head, anplified by the
read/wite circuit, and then nmeasured by a signal evaluatf 3W¥| The
si gnal eval uating portion records an anﬁlltude val ue of the read S|gnal at
a predetermined time interval. The S|g eval uating portion carries out
nmeasurenent, for exanple, by the use of a spectrum analyzer. As the
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simlar to Exanple 1 excépt the | tic layer
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Ce, the coercive force squareness ratio of 0.54, the output (LF) of

1.39 nvV, . thacbtﬁﬂrEqahumbwienc(rPWcmmaiﬂleﬁmse!ZpaﬁdwnSiélrfeatilsmspén&@n% dB, the
overwite characteristic (ON of -26.44 dB, and the signal output

at t enuat i ofi2ésesodaviatierBptitheaiagnstia head Withraspectdo diye trhek antiee nsgnetic! t
wll be understood that, as conpared with the existing AFC structure, the
fi1m structfoEdigg rpggigm, rﬁe@mm@)m $!§n@>ai*@|n|uen@n)i prepasefien isdeads of an MR

characteri and art cy |rrprov i n, coercive force squareness
ratio (S*)' ﬁ §¥Inﬂn W%e ?ﬁj'no‘V'é‘P vete rackwidlh jssat '6%&”‘0‘9 fn
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(OW in a mehfibsedabdve. USRS th@naad/dféqxfrﬂééhmsﬁns Huints an \eAirBHmemRaNet i
recording - nedia are eval uat ‘ed f
tank controllable in temperature in order to expose the head/disk mechanism to
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. |




the rel ationship between the S/N ratio and the signal output aftenuation
(decay). In the figure, the synbols +, 0, and * correspond to_the magnetic
di sk having an AFC structure according to the exanpl e of tHMeYiA%ent i on,
the existing magnetic disk having an AFC structure, and the existing
magneti c di sk which does not have an AFt?structure respectively. The

pl otted val ues are obtained for each magnetic disk when the filmmateri al

and the filmconpgsition,of _the wupderlying |ayer 4 or the magnetic |ayer

are changed. r@neﬁ—gmpyaﬁé}i—m%@'—et—g i ncrease the recording density, the

araph. 17 the & NExe pdnedhettysPaflas fiedum wat Riistie 165 et uniiar

The. of anai. S PPE:ekbsiing i had el il AL inballisy s ol sfae?reé‘ifﬂm
that th th

STgnal out pur ORI BRR thusboldifehay BTdePalle ol HEY o 338 T WEREPIG, 1

Signal out metecrddRALEO IR ©) Bf 0 542the Sutpy Q_Ff}%aid@ghﬁ/tﬂ%) FRAAC! €

Therefore, the AFC structure has een prop wever exi.sting

-AFC struct UPW) of 1n6uisbicciners/N ratib o8 BoEs dBChe GhaMwALd @Iﬁél@bté?lsﬁﬂ gOW) of
encounters the limtation in inprovenent of the S/Nratio. ot’her

hand, w t h26Hel dByvand the sigsalrautpulr stterfudtivhofinVE MdB/decadé aB&hémmﬂ!e to
achieve a thermal decay resistance characteristic with the S/Nratio
i mproved. T@ECaY ShevRCienstic. t he recording density can further be inproved.
'n recording de i“@w'ti%“wé@é’rf i90digh, 6 CAMMBAIGEUI IRSSIA PECSFBIRLE,n t he
in recording dens} p@edithgt §8 pb: \
about. 2ae) TslpbEHEERE BT Bvenfols oXrHabhin RertRCecRcc FSUGaRE ARO he
rﬁrzﬁaez;mg%ﬁg%ﬁé:@?v?@wd by SRER el Y B 6 LG (A o
O enver "SRR S rkte (ORI, o bEbShn mifnefEaSRoAgRAg .
required to have the overwrite charactenstrc (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 maghetic 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 9ach magnetic disk when the film material and the film composition of the
underlying layer 4 or the rnégnetic Iayer' are changed. |
Generally, in order to increase the recording denéity, 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




| ayer 71 than"t hat of the upper magnetic layer 72 results in remarkable

| nprovenent in coercive force squareness ratio (S*) and ov?({%é(tzgm
characteristic (ON as well as inprovenent in pulse wdth as conpared

with the existing AFC structure (Conpar Blve Exanpl e 1) al t hough the
coercive force (Hc) is decreased. 10 MAY 2005 20 ECI cmr~ LOCDco 0) O
Ocli 0,!/, a) 0000 ODtoCDLOLOCOCIr) & 0 U CDcomcoCI)OCO)

oL o %E“Q%f% sy e offef b el ifonid pthenae whene Jofy ) |

£ % 3 et DB AR MR (3 (21057

LO 00 mrl I cq co
cg) 't 46 46 LO TheQilbWahebter the sighdl @ubfut 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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Next, a magnetic di sk was produced in the manner simlar to Exanple |
except that the Cr concentration and the Pt concentration of the | ower
magnetic layer 71 are increased as shown in Table 1. The result is shown
in Table 1. As seen fromTable 1, a greater anisotropic madHdt¥é?®iel d of
the | ower magnetic layer 71 than that Althe upper magnetic |layer 72
brings about remarkable inprovenent in overwite characteristic (ON

al though the t herﬁglf decaé chﬁr_gcteri stic is substantially simlar to that
of the existing / nparative Exanple 1). Ex_arrpl es 2 and 3
(Ntehtpt ”f‘ﬁta; L‘ .ﬁedﬁggoﬁhfeﬁéfngﬁﬁﬁéngbaﬁeﬁEw”ﬁ%égﬁéﬁ‘n%ras{ii@@é’r{f%%%eﬁgnged
fgaggedéli n ’E’%m B argchot g_ﬂ ?ﬁe ép @?)%1Eggi"ﬁgqtﬁ%gf&&%'qma%%ge;L;:i .
| yer 71 weLeChEBAZ RS SbMAM TaBlt:C T fesbl e Rk B T By

changi ng t has Cees BORETABIAM, egrehtdhis R @gj@% ieldPid ' le 2,
the saturated magnetic fl ux@(;gensi ty (')f m" o] rh?rglglne if&elfc;avgléer;}naaﬁq?ﬁsg) yet
smal | er t hdayerizt theh thheotiealpparanagndtic iayer 72 Bridgs 689IGERANAtE Exanpl e

1. Thus, with respect to the magnetic disk of Exanple 1, the overwite

char act er i dmpeovemmgntandveherit®/ tharatterisie QW rditheugh tims thepshal Bcaghangi ng t he
Pt concentration of the |ower magnetic layer 71 in Exanple 3, the coercive
force (HcFharetergiainsubsianiiedy ginileata thairof dhe existing AFGhstovatdre Exanpl e 4
and 5 Next, .magnetic di sks, were produced in the manner simlar to Exanple 1
except thaﬂopﬂ'g’aé%ﬁ'ﬁ%g?(@mBH’ bk the | ower magnetic layer 71 was changed as

shown in Tabl e 1%1§;Eﬁlcogtenmof Ta was increased and the content of Pt was
decreased). The own in Table 1. As seen from Table 1, both of

10 MAY 2005 22 Né%,ﬁﬁﬁﬁﬁét?csdékg%ré p%(ﬁlcfeﬁriﬁ rt]t% rﬁa%te?\éﬁﬁjilatirrt]o E/xglmrp?é i‘lo by

the increase in
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




content of Ta. In Exanple 4, the thermal decay characteristic and the

overwite characteristic (ON were particularly inproved by,bLbsyglecrease
in content of Pt although the coercive force squareness ratio ?%*) was
equi valent to-that of the existing nmagnetic disk of the AFC structure
(Conparative Exanple 1). R efereace Exar?pﬂe 3 Next, a magnetic-disk was

. produced in the manner simlar to Exanple I except that the O

1" The. v osu B PeerbiBsi 458 s 2E0 et kevad SR ity e iopreasa ot 1 opic
appor megner et R ERaRA; o weBEl ool heigRerivto ahdhineighane of
| ayer 7o SoaReIeRRICIN Werk bl il B Qe B o of Fb

i S0t 1 opi ¢ meoRet, 2 P are free pudfenbes Pt R M Uyhvba P0RGAFe, (o

t hat of thesx Higk | tic fl
at of 't hxigtipermegaets iiek bR APE sARdud\EorhSaigd isahid ARonetic 11 ux

density of the lower magnetic layer 71 is snal f the upper
~magnetic |ayer 7Refaremger®tdnopldissk excellerit in thernal decay -
characteristic and excellent in coercive force squareness ratio (S*),

pul se wi dth (PW Nexber wagnetic diskavae pradiced(OWe nemsereihilimto EeendS4N). i s
obt ai ned. aratly-e -Emmple 4 Next, a magnetic di sk was produced in the
manner si ptttga rfpl eoncenyraiien of thextowarenagreaticdayéritwaz retiueed as | oy

C e R o TS Rl Lo o LB, S e Tk iy
R X LR R T Y
?g?ir g l Viof %@pﬁ%‘gﬁé%@%ﬁlg@ '}éé’. (HowevEP T LhiFatdl %Qgr(e% ﬂuxaggnstitr)}%f S/N
‘ the lower magnetic fayer 71 is greater than that of the upper magnetic layer 72
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 satura_ted magnetic flux density of the lower magnetic layer 71 is -
smaller than that of the upper magnetic layer 72; a magnetic disk excellent in
ihermal 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.




Referring to Fig. 4, illustration is made of a magnetic recordi ng nmedi um
according to Exanple 6. In Fig. 4, the magnetic recordi ng medi um accordi ng
to Exanple 6 was produced in the manner simlar to Exanpli éa§é§¥pt t hat
an intermediate |ayer 42 having a hcp (gixagonal cl ose-pa 3 ) ructure
was interposed between a CGWthin film (Cr: 90 at% and W 10 at% of
the wunderlying layer 4 and the first magnetic layer 5. In this case, the

i nternedi ate Iayﬂaﬁlﬂegé the underlying | ayer 4 was nmade of a CoCr Pt Ta
~alloy having a conmposition of Co: 71 at% Cr: 19 at% Pt: 8 at% and Ta: 2

at% The inter meHpfren WFigh“@i!ﬁ%%aﬂoﬁlfgHé%%fﬁaﬁﬂeﬁé@d&ﬂ@m%@ﬁg{ e

I nternmedi ate | ayer 42 has the hcp structure and 1S7Intendae

crystal oriactatingrio &xatsle magneﬁqj;.m, liiqey ﬁfadi%ﬁbrl‘gféerﬁg]dﬁgdﬁ}nﬁ Fﬁg%bﬁd@@ﬁgf;

the presence of the internediate Tayer 42,7 Exanp I's sim

1. The CoCrBxamplel § wps predacéedin theapaahecsimilaeid Ekample & exB8H that bR
excel l ent characteristics were obtained, i.e., the coercive force (Hc) of

3668 Ce, tHBUBWdAte dayesrhadogengstexagonal déEe-pabkdt)&uctire vy put (LF)
of 1.50 nV,, fhe ulse width (PW of 12.0 nsec, the overwite
characteri dff eépfe%ﬁ& befwesn, 2 CrXithin file 43/ (Qrr 9@ a9 eindA0/: 19 aifk) ainlde t he
t hermal dec Olf' 0.,07 -dB/ agﬁag_e. As conpared with the result of Exanple 1,
Exanpl e 6 i X desingilayen anddbefisst magnedislayers olncibisseans; dne interodiate( S ) |
pul se w dt her mal ,decay characferistic. Presumably, this
i s because%ﬁ@%%@ggé’&'}z@ﬂy@ay?wWéﬁ? gof ﬁaéf@ér Bilfas%ljwé@vm @adj ust the
crystal oric@fisysh fod. ngt.i 28/, hy'nﬁ't e hcp, structure.
Exanple 7 A négir?ietﬁhc&ﬁéﬂﬁmg?gbreéd@c%{({g’i ﬁf {Bf‘?g/l efa'gq"f'ﬁ%'ar{—ﬁ% Exanpl e 6
of Fig. Airtsanatiatdayernzadid ifddes! | ?é a Qﬁ?éj? . a ,CoCr
all oy was i nterposedybet ween the Oeﬁ{b}f]ﬁ?%sﬁo T y@% t (?rg%a%{la&g at %9
41 of the 3@ hasvhaop stibturedaid iinerdenas aj@ithd be/std) iR yer
(Co: 71 at% Cr: 19 ato/o, Pt: 8 at% Ta: 2j at %9 4§/.S Thee%ﬁaﬁthé had a
conposi t i ofaghetis laysw havingihe: I@p stedctate’e Except the presence of the
' | 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




he additional internediate |ayer had a thickness of 25 angstrons. In
Ex:rrpl e 7, the content of Pt is increased away fromthe .SUM?%&)S t owar ds
the upper magnetic layer 72 so that the crystal orientation wth the |
nmagnetic |ayer is inproved. Except this pespect, Exanple 7 is simlar to
Exanple 1. As a result, the excellent chd acteristics were obtained, i.e.,
the coercive force (He) of 3659 Ce, the coercive force squareness ratio

*) o ) h | h (PW of 12.0
e g M S A S P
Banpl s | Aot 12 (The 8?’2’?‘8&“@%%8%@?@@5; gt:??@qr gaaﬁﬁé%%%@ﬁ.
Or T ant af Fon o adationaP RorEdid o SR 8 hickRe Attt 35 Bhostdife: o' ¥ hext . a

magneti c recordi nig Eﬁdﬂ?le@ TI%Ctﬁérc@hféhttO?P?@FﬁEPt s%d"m%\{ ﬂﬁﬁpﬁﬂgg%g%{r}%ﬁegehaw g

manner simlar to Exanp of Fig. | except at a ass

a surface rtovginiets gppemmbgn&iekyef 75 sotibeihé sl oﬁﬁﬁ%ﬂbn Waith tged as the

gl ass substrate 1. The surface roughness was neaSured by an inter-atomc

] i ' g i | ast
force ni cr doagpeliq lagerls)imprheed.ubBxeentehisirbbpadieEsanpry 7 isyaiilaptd or med
was mnmeasur fgr ('Ehe surface roughness. .Asa result, the surface roughness

- . : |
was sim | ar¥pigak of the gl ass substrate | in this exanple. The therma
decay was 0.13 -dB/decade which is substantially equal to that of Exarrpl e
1. Other charact é19 @7¢%LL e rxee]lent gharasteristica yete obiined gien thercoetaive hose

accor di ng 15oB ISP 3850 e, B GhARLE farce ReumarRer rafm a0 O Tkl 6 1 of
Fig. | exceptputhBF) 8f 914837V, the pulse width (PW) of 12.0 nsec, the overwrite
' 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.




substrate having a surface roughness given by Rrax of 7.2nm and Ra of 0.7nm
was used as the glass substrate 1. The substrate with the spacer Iayer 6
formed | ast was nmeasured for the surface roughness. As a s ¥t209% he
surface roughness was simlar to that of the glass substrate | in this
exanple. The thermal decay was 0. 16 -dBPdecade, which is consi derably
deteriorated as conpared with Exanple 1. OQther characteristics than the

t hermal decay V\er%%to those of Exanple 1. Conparing the thernal
decay characterisfrcs anples 1, 8, and 9, it w II be understood that

~ the thernal decaymréﬁ{@eﬁk rﬁ?ra'a'”gf'mga&\f,ﬁja'fséwfgﬂfg SS substrate 1 has

t he surface roughness giv a%plst® wesennor | ess.

I 5 L2, e AR i) SRR o T L0,

antiferromagnetic exchange interactionl

i ts functi oaubstrateiHaving &Busfabé %hr@é@@%ﬁgﬁ&ﬁ% bgggnﬂ'gé%n{l 91@, cg‘voe%rlng ate

an advant ageous conposition of the first
magnet i c r evasdiseg atethesglass sulpstedgged with the conposition of the first
magnetic | ayer 5 adj usted as follows within a range of a Co-based all oy

thin film having &hesubsinaigneith thehspacet ua&@rlﬁﬁrmEBQaéi% I4Efired fo ny‘@Ch of

Exarrpl es 10 14 conprises an Al alloy thin | m havi ng a conposi tion of
50 at %%{Hgaq%fougbngg% ad\ﬁlaﬁawlh@hasuﬂaWrm@ne@é wisXimilgsto tABFof tﬁécept

the above, les are simlar to Exarrplel In Exanple 10, the
first magneq Fgggﬁ?Engar}g 1hQstﬁ @SS tion of Co: 93 at%ndCr:7at% In
Exanple 11, the f |cIa S a conposition ---------- 10 MAY
2005 26 Of Co: 905':'&3 hﬁﬁ‘%ﬁ ?%)6‘“’?%% %3€eqwe.tmchulamnMabm c layer 5

has a conpRes 15 le 13, the first
maznet i C SiidrafecPhs 98mF’%‘?"@’&I{"’?{%afgg‘"g\f)rle‘l &therc aractenrgt)lcs than the

thermal decay were similar to those of Example 1.

Comparing the thermal decay characteristics 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 havmg 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 composmon




| ayer 5 has a conposition of Co: 80 at% and Cr: 20 at% |In Exanple 14, the
first magnetic |layer 5 has a conposition of Co: 78 at%andl%Y%gusat% I n
each Exanple, the thickness is equal to that in Exanple 1. aresult,
Exanples 10 to 14 are simlar in coercive.force (Hc), <coercive force
squareness ratio, output (I-F), pulse wwdth (PW, overwite characteristic
(OWN, and S/Nratio. On the other hand, the thermal decay characteristics

0. 10 - [ : ol0, . de i anpl 1, 0.12
"B/ decade ThCBanaPs el T Aok idexdlelen Bt Bl ﬁa&n%% n?erlsg%as a
dB/ d de i . b t t
char :g? e(rai 'S??l’gﬁgﬂiggﬁgiégpgﬁ df%h%m??ﬁ?ﬁ? {%f O%?E%%Weﬁitbgt{r%ﬂ@?e&@yl ayer

5 and that faler 5 hagredéord h §f CO- /i J ferj t he
content of C? s 22 at%/o ?@Eﬁg?r%lé];c%lﬁ)g.g%r?:eﬁt?gfgo ?ﬁ}e rr!{f%%ﬁ@ﬁle\g?%}ﬂ% first

magnet i c | dfjrst magpetd yabbyhason tehipositioh s e, 2Rd @r?/?z 'a'hé‘?agr? 8%@? e o

Is less than 22 at% the function of the first nagnetic layer 't r ol
the anti ferﬁmglﬁeth&th@k@basn'gaeedJMHOahaﬁian>d'a$npl@d\_/ant ageously effective. On
the other hand, if the content of Cr is equal to 22 at% the function of
control ling the #if#resulofxgmples 16xcHanare similariacoertivé forceggepded.
Therefore, in aqrder to suppress the thermal decay, the first magnetic

| ayer pref &PEEFYE HIEe SHEarGNess fetigtoutpuls(Lifhapulee widibo(PWE), oeerwriteed above,

RN ORI IER G TN U R
20 ook PSP O SRS EETRIAT Gt g 1
(0, s, e omisit i ez ol Lo, AR Jelgt (1)

(1-4), a tB/dgcadedn&xaengi@yar (5) forrned on said base body, a second
magnetic layer (7), and a spacer layer (6) formed between said first and

sai d second 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)).




ma a .gnetic layers, each of said first and said second magnetic |ayers
being of ferromagnetic material, said spacer |ayer being i@@A&Q@HCin
antiferromagnetic .9 exchange interaction between said firs sai d
second magnetic layers, said first magnetic |ayer being for controlling
said antiferromagneti c exchange 1interaction, said second nmagnetic |ayer
~conprising a primary layer (72) and a secondary layer (7 1) |ocated nearer
to said base body than said primary | a8, said primary |layer having a
primary ani sotropic magnetic field, said secondary |ayer having a
secondary ani s magnetic field which is smaller than said primary

e m 1 Pwherern sk d cadBRlnelE riRRo edRES Dttt e B BOIE (TWhai
that of said pfiistreragnetiayigyer @) fordedfoireditEbase boag! diéélsdﬁa%‘éghtéﬁ%féy%irmd
at e

inclaiml or &3 V\/aerei n said secon dary layer (71) has a satu
magnetic flux dénéffya shRgarefavanafb): framesk betwepm saidrfirst ansk seitsecdnd A

magneti c recorgli 1 | & ' Wi ‘ edi claims, _

Whorei n sai d_ SnausetPEYErS, Bach o Y i % sb b iebrERc ke Peffitef ang
anot her sur f aderomaghetis snaReriaf, saidspacsr !hﬁ@rsbem@%ﬁindﬁaiﬁ? artiféebinagHels 2
maxi mum hei ght tative of a difference between a"highest pornt and

a | owest poi n@{gﬁ%g‘?ﬁﬁ‘?gaﬁgopgqg@geﬁﬁ tirst ged sridsecandonagnetie layeem said
S0 ool THAEREE BOECYARE P LI S o Bhmpons o

- Ru. 6. A nagndteractionosaid sgoondi mayasticlayenecmprisiagya pfintdrg layerqzerangd a
cl ai ms, wherein _sajd base dy ¢ rises.a substrate (1) and an wunderlying

| ayer (4) for ﬁs‘a"'ﬁj@miaé/ﬁfégfh%%@?%@r %@ﬁ’ggla?efhwthﬁﬁgﬁ’é‘i pemanaiayer,

~ said primary layer having a primary anisotropic magnetic field, said secondary

laYer having a secondary anisotropic magnetic field 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 comprises a substrate (1) and an'
underlying layer (4) formed between said subétrate and said first magnetic
fayer.




10 MAY 2005 28 7. A magnetic recording nediumas clainmed in claim®,
wherein said underlying |ayer conprises an internedi ate |ayer having an
hcp ‘(hexagonal close-packed) structure. 8. A magnetic recofHaRgoosedi um as
claimed in claim7, wherein said interneggate |ayer is fornmed so that
crystal matching or alignnent with said primary nmagnetic |ayer is inproved

away from said substrat S g _pri ig la . .
magneti c recordi ngﬁ rredi'ﬁnrb gé\ﬁ%tﬁaf?@gaﬁﬁ ﬁe@w&g%eﬁmhglgw‘ 6§a\@1l£éreln

i nter nedi at e daiy eﬂnd@?_ﬂng skRyeR iriphsés yaof int@resdiated lagerd iwing kh H‘\T |
magnetic recording nmediumas clained in claim9, wherein one layer (42) of
sai d pl ural i thexadeng)staseopacked) shvelui@di ate | ayer, that is nearest to

said first magnetig | ayerp.i . r i enLal . :
magnetic recordi ngg?nedi'ﬁr%n%gﬁ%{ég%%ggamﬁ 'té‘%?f@ﬁ%?kgﬁ%\% ‘géﬂ{' 07' jl‘é?e'l\%}?er ein
sai d substratsaid intarrgédiate fayestis fdened 20 thategyrtal matchheg o ElignB@int Witks
clained in any_g@ne_ of clains 6 to 11, wherein said base baody further

conprises a PRELSEMATKyBRINSHC jayerds Impseved away; Wory saidr sikstiate tawpeds
under | ying | : H{% L crystal grains of said first and said
second rragne?'?égf?'g@g)g. .%hgq%grfneti c recording nediumas clainmed in claim
12, wherein said%recdatmbgyetic irscorditg ohedionaldsoylaimedr irsiclkmC7 andg,Ta.

10 MAY 2005 9 MAGNETLC RE | NG MEDI UM Abstra of the Disclosyre In a
magneti c recFHHY ﬁ?é‘gi-f RTPGIRNE iAKel crfaprses adlur é’yof(lﬁyerﬁ)(,5]1 BHA42). and

second magnetic |gpers A tiz)recsﬂﬁﬁth E@E?ﬂn?fasacléﬁﬁ@'?ﬁ%iﬂ 9 Wlefeinal .

and a spacer layer (6) forrmed between irst and the second magnetic

| ayers for pnaulayer (42} iof eaicphgratityi of daydranofetienindesmediate baterne dmtt ise

first and the . . . . .
fiearest 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.




second magnetic | ayers, the second magnetic | ayer |ocated farther fromthe

base body than the first nmagnetic |ayer includes a primary 72) and a
secondary |l ayer (71) located nearer to the base body than liﬁxgr&?q%ary

: : : . . . e
layer. The primary layer has a prinmary gnisotropic nmagnetic field whil
th)é secondary |ayer has a secondary anli:dc])tr_opl c magnetic field which is
smal ler than the primary anisotropic magnetic field. The first nmagnetic

| ayer is for controlling theMr@¥ET+erRe & MEXEWANge interaction. Fig.
I o -

I he Disclosure: _

In a magnetic recording medium which includes a base body (1-4), first
and second magnetic layers (5 and 7), each being of a ferromagnetic material,
and a spacer layer (6) formed between the first and the second‘ magrietic layers
for inducing antiferromagnetic exchange interaction between the first and the
second magnetic layers, the second magnetic layer located farther from the
base body than the first magnétic layer includes a primary layer (72) and a
secondary Iéyer (71) located nearer to the base body than the primary layer.
The primary layer has a primary anisotropic magnetic field while the secondary
layer has a secondary anisotropic magnetic field which is smaller than the

~ primary anisotropic magnetic field. The first magnetic layer is for cbntroliing the

antiferromagnetic exchange interaction.

Fig. 1




