WD 2006/ 090508 PCTI JP2005/ 019956 ] DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM
PRODUCTI ON PROCESS THEREOF, AND MAGNETI C RECORDI NG AND REPRODUCI NG
APPARATUS Priority is clained to Japanese application No, 2005-050878, filed
February 25, 2005, and to Japanese application No. 2005-082053, filed March

22, 2005, ‘O@EJJ AdoSog | Ncorporated herein by reference. Jpigpapphbsati on al so
clains the ene?lt pursuant to 35 U S C 119 (e) (1) of U S. Provisional

Applications, No. 60/658,145 filed on March 4, 2005. TECHNI CAL FI ELD The
present invention relates to a nagnetic recording nmediumused in hard disk
drive and the |ike, a production nmethod of the nagnetic recording medi um
and a nmagnetic recording and reproduci ng apparatus. BACKGROUND ART Hard

di sk drive (HDD) which are one typ®ESCRIBYI@Ni c recording and reproducing
apparatus, have currently reached a recording density of 100 Gbhits/inz, and
it is said that the inprovenent in recording density will continue in the
future at an annual rate of 30% Consequently, the devel opnent of magnetic

recordi ng Qﬁg@gmﬁ@ﬁgﬁm]ﬁ@@q@mp bmg@N HEEet ¢ iuns suitable
for high recording density is being agvance . There |§s a need’to increase

t he recordiﬁﬁD &{?‘“ f}zé’@&gﬁ I 85 } gﬁﬂﬁ u or hard disk
drive, toget e?ﬁ\?\ﬁt ae enan pg@ an i r(@%[rjren inHEI 090508

PCT/ JP2005/ 019956 2 coercive force, and a reduction in medium noi se. For

magnetic recordi ng nediuns used for hard disk drive, a structure where a
metal filmis lamnated on a substrate for a_ nmagnetic recordi ng nedi um by
the sputtering rEicREHisiclIne] ofapangss 3PPB?at’Qn§[Po§9%a?@37§rsfﬁ?ﬁ ¥ebruagy Aagnet i c
recordi ng medi um al um num substrates and 8I ass substrates are w dely used.
An al um nurd098bandria fanese appicetior Npoll0sH8a0R, filed March Y2400 vehiph arp t ype

incorporated herein by reference. This application also claims the benefit pursuant to 35
U.S.C. §119(e) (1) of U.S. Provisional Applications, No. 60/658,145 filed on March 4,

2005.

TECHNICAL FIELD
The present invention relates to a magnetic recording medium used in hard disk
drive and the like, a production method of the magnetic recording medium, and a

magnetic recording and reproducing apparatus.

BACKGROUND ART

Hard disk drive (HDD) which are one type of magnetic recording and
reproducing apparatus, have currently reached a recording density of 100 Gbits/in®, and it
is said that the improvement in recording density will continue in the future at an annual
rate of 30%. Consequently, the development of magnetic recording heads, and the
development of magnetic recording mediums suitable for high recording density is being
advanced. There is a need to increase the recording density of magnetic recording

mediums used for hard disk drive, together with a demand for an improvement in



alloy filmfornmed on the substrate to a thickness of approximately 10 m by
el ectroless deposition, with a surface which is further mrror finished.

For the two types of glass C substrates, there are anorphous gl ass and
crystallized glass. For either glass substrate, one which is mrror

fini shed i swéshllsodektisrently, in magnetic recording medi ugsy gehRlhfdeky used in
hard di sk drive, a nonmagnetic undercoat |ayer (C, C type alloy or the
like, Ni-Al type alloy), a nonmagnetic,intermediate |ayer (Co-C, Co-Cr-Ta
type alloy or the like), a magnetic |ayer (Co-Cr-Pt-Ta, Co-Cr-Pt-B type

al l oy or theelcheddrce and ageducidredivhadunt ayisd. Kt atdgadticQtcordilg medik)s uadde
sequentially deposited on a nonmagnetic substrate, whereupon a |ubricating

l'ayer conprioshd@ disk @kvel al sliétineaiterd Smbe@l fildis 1AnigRedbn Phublgadkdy, Co-Cr-Pt-B
all oy, and the like, used as the magnetic |ayer are alloys, which conprises

Co as the I Deis &ﬁﬁﬁ . ose- packed
structure ( %:glg{sl??%g?ugeg |g%ﬁﬁggﬁgﬁﬁg%ﬂh Otg? é(g%glst reﬁ‘gg)rifg’??ggésf@ﬁ inits
C-axis. For ' of,: i rdi ' there are
in- plane ruesg%?ogi%%%ﬁ% %g‘%rg@gé".e@h ar%m?rg%%? |b%6§tg§a%3d%£%%ﬁ§ﬁ+tg§grfs general ly
used for the. netic film In the. case of in-pl recordi ng, the Caxis
of “the. o aYIEY ES o altitim et i Tgror A BYRAE SifhadtrebB and | n
the case of a perpendicular nedium the G axis of the Co alloy is oriented
per pendi cul Zloyddmifpanedpmnthefbstae ©asaickegseof srprayimately 1) pm byelediwlesase of
in-plane recording, it is preferable that the Co alloy is oriented in the
(10.0) pl adepogition, yath(asiridge whichis fuier adoey DIIEASFRANY YRATPS/dEes6 3 To

i ncrease the recording density of magnetic recording nediuns, it is
ngaessary subdstdaesy, thesareadiphosglseandgpstithtedglasDobarreithdr glashelbstratdescri bes a
theoretical formula which indicates that it is effective to nake the

aver age crysieavhiclos miaot figikled isdikdet er and the grain size distribution of
the Co alloy smaller in order to decrease the nedi um noise. Non-Patent

Docunent 2 bel ovCaesgy] ih%gh&_@tre@ydiﬁghieaﬂnis@en@aag;@e@m ety dbialidiveng particle
di anmeter and the grain size distribution of the alloy smaller, the

redi UM N0f SfioroSaghlBR a8 R 18R tvpe ARG UANCNRAT NG I4M sui table for

d{ =]

nonmagnetic intermediate layer (Co-Cr, Co-Cr-Ta type alloy or the like), a magnetic
layer (Co-Cr-Pt-Ta, Co-Cr-Pt-B type alloy or the like), anﬂ a protective layer (carbon or
the like) are sequentially deposited on a nonmagnetic substrate, whereupon a lubricating
layer comprising liquid lubricant is formed.

A Co-Cr-Pt-Ta alloy, Co-Cr-Pt-B alloy, and the like, used as the magnetic layer

are alloys, which comprises Co as the principal component. The Co alloy takes a

-

hexagonal close-packed structure (hep structure) which has an axis of easy magnetization
in its C-axis. For a recording method of the magnetic recording medium, there are in-
plane recording and perpendicular recording, and a Co alloy is generally used for the

. magnetic film. In the case of in-plane recording, the C-axis of the Co alloy is oriented
parallel to the nonmagnetic substrate, and in the case of a perpendicular medium, the C-
axis of the Co alloy is oriented perpendicular to the nonmagnetic substrate. Accordingly,
in the case of in-plane recording, it is preferable that the Co alloy is oriented in the (10-0)

plane or the (11-0) plage.



recording density was provided. In such a manner, it is inportant for
decreasing nedium noise to reduce the average crystalline particle dianeter
and the grain size distribution of the Co alloy smaller. Since the Co all oy
can be epitaxially grown on the Cr alloy, it can be easily considered that

formation %gﬂg@’g’%ﬂg&y filmcontributes to reduce the aV%E%gﬁzoofGﬁ‘%ka' line
r e

particle di and the grain size distribution of th alloy smaller.
It has been reported that addition of a,variety of elenents to Cr inproves
its properties. Patent Docunent 1 bel oW describes that addition of Ti to Cr

Is effective.  PhfankasDUd BB ing d@l?slit?WfHﬁgrgeﬁiE b&ordifBhediddh i QRe@bsay to Cr s

effective. Patent Docunent 3 bel ow repor that addition of Mo and Wto Cr

s effecti ve oAl ShedBOHIP o-tr AN TRALAD 1RAEHRAL R, DRk PWAPOr { that it

IS effectivedto construc undercoat [ayer by two layers Ich have Cr as

their princgpal, ¢ anent but .a. di.fferent ditional elenent. . |n Patent
Docunent 6 togf"B\?/wq? e %Sstg?ti 1@‘53@%‘% ?% 5&‘3[8’[?% ﬁvetg?ge()cf({/sg%lﬁne BALY ll=hi trogen to
t he nonmagneti c undercoat | ayer whjich_has, Cr as its.principal conponent, is
ef Tectivo. (I Gt e AR S B S HELFT PAPER O AGHFTEA o, Fi r st
Publication No. Sho 63-197018 [ Patent Docunment 2] United States Patent No.
4652499 WO pBaBMOBIS0 S opdearRoomiant bgew dgsoripas taaitbymarkingthe agFagfapanese
Unexam ned Patent Application, First Publication No. Sho 63-187416 [ Patent
Docunent 4] ciysipbinepatithe diameien eud Beaigem sizpdktribatianegd theCe alioy smalled, 8%t i on No.
Hei 7-73427 [Patent Docunent 5] Japanese Unexam ned Patent Application,
First Publ pediunnmidies deefiafed32niR2r a iiaginetid reBadingemitivy sulaplfecddghnexam ned
Pat ent Application, First Publication No. Hei 11-283235 [Patent Docunent 7]

Eur opean Par&pididiaienétif 048390 idRal dntuchaahdmet itd imhapandsedddraxaginedidmPat ent
Application, First Publication
noise to reduce the average crystalline particle diameter and the grain size distribution of
the Co alloy smaller. Since the Co alloy can be epitaxially grown on the Cr alloy, it can
be easily considered that formation of Co alloy film contributes to reduce the average
crystalline particle diameter and the grain size distribution of the Co alloy smaller.
It has been reported that addition of a variety of elements to Cr improves its
properties. Patent Document 1 below describes that addition of Ti to Cr is effective.
Patent Document 2 below describes that addition of V to Cr is effective. Patent
Docurnent 3 below reports that addition of Mo and W to Cr is effective. Patent
{; 4 Document 4 and Patent Document 5 below report that it is effective to construct an
undercoat layer by two layers which have Cr as their principal component but a different
additional element. In Patent Document 6 below, it is described that addition of oxygen
and nitrogen to the nonmagnetic undercoat layer which has Cr as its principal component,
is effective,
[Patent Document 1] Japanese Unexamined Patent Application, First Publication

No. Sho 63-197018

[Patent Document 2] United States Patent No. 4652499



No. 2003-123243 [ Non- Patent Docunent 1] J. Appl. Phys. vol. 87, :
5365-5370 [ Non-Patent Docunent 2] J. Appl. Phys. vol. 87, pp. 5407-5409

DI SCLOSURE OF THE | NVENTI ON As nentioned above, a Cr alloy is mainly used as
t he nonmagnetic undercoat |ayer. As a nethod of decreasing the nmedi um noise

by i nprovi q,gog&gm%qggmgneti Cc undercoat |ayer, m croni zapir@popdoibde average
crystalline particle dianmeter and inprovenent of orientation of the Cr

alloy, and lattice matching with the Cosalloy have been used. Since the O
al l oy used for the nonmagnetic undercoat |ayer has Cr as its principal

conponent, the qhaeaDdRbumshti3]STapdieicsAiexaminl Pahi ﬂ%}ﬂi@ﬁtﬁ)ﬂf FeaPubliatigher ent
characteristics of C. As a result, the scope for design of the nonmagnetic

under coat \adE 8185 magnetic recordi ng nmedi um becones consequent |y
narrowed. A nunber of attenpts using a C alloy in the nonmagneti c under coat

Lhe noi a6 can' b [V 3006 BebEba RN JESEHETE Eden At PRicooR L TP le g an

al | oy whi ChP‘ﬂ)ﬁ%ﬁ%@?ﬁ?-ﬁ%@Wf (ALNi, AlCo, AlFe, and the like) as the

nonmagneti c hus making the grain size in the magnetic film
smal ler. However,_ since it ig difficyult to ke the coercive force |arge by
ke b

use of an Al -Ni zﬂ’?%‘}t, ocymgnt 3l Jppangseryicxgmine tarity ratio of
the coercive force |large by use of an Al- Co alloy, the reproduction out put
becomnes srraP'FtéE?tlflilsT\Tﬁzg%é%?ﬂ}zl eaving problems to realize a high recording
density. In Patent Docunent 8, it has been proposed that the noise can be
i nproved by depi@aiehi Dopuktsnt ) JapanekbdUnexairimed Papent M@plicatiorg ¥irstPukhcatiei de
orientation control filmsuch as MyO However, elenental substance of Me or
..or al | oySosHeilt1a283885Ti and WIi  have a limt to the decrease in noise,
ahd are unable to cope with a recording density exceeding 50 Ghits/int. The
present inventi ofpaRkasDEKBRNCHN Eﬁ@geaﬁ%tehmg_qjmm@he above- nent i oned

problenms with an object of providing a magnetic recording nediumwhich is
abl e to cope [Patent Document 8] Japanese Unexamined Patent Application, First Publication
No. 2003-123243
[Non-Patent Document 1] J. Appl. Phys. vol. 87, pp. 5365-5370

[Non-Patent Document 2] J. Appl. Phys. vol. 87, pp. 5407-5409

DISCLOSURE OF THE INVENTION
As mentioned above, a Cr alloy is mainly used as the nonmagnetic undercoat
Q__ layer. Asa method of decreasing the medium noise by improving the nonmagnetic

undercoat layer, micronization of the average crystalline particle diameter and
improvement of orientation of the Cr alloy, and lattice matching with the Co alloy have
been used. Since the Cr alloy used for the nonmagnetic undercoat layer has Cr as its
principal component, the characteristics thereof mainly originate from the inherent
characteristics of Cr. As a result, the scope for design of the nonmagnetic undercoat
layer of the magnetic recording medium becomes consequently narrowed.

A number of attempts using a Cr alloy in the nonmagnetic undercoat layer have

been proposed. In Patent Document 7, it has been proposed that the noise can be



wi th a higher recording density, a nmagnetic recording nmedi um which has a

hi gher coercive force and a | ower noise, a production nethod thereof, and a
magneti c recording and reproduction apparatus. In order to solve the above
probl ens, the present inventor, as a result of earnest investigation and

effort, ha I the present invention by identifyi
:\{vlﬁgg&ggﬁs@ﬁ P y Yi gt dp Rk 01955

characteri e magnetic recording and reproduci ng apparatus can be
i mproved by utilizing a WV type alloy,. or a MoV type alloy as the
nonmagneti ¢ undercoat |ayer. That is tg say, the present invention relates

to the fol | QyyirBeed ylking aHBRASEIvhich h8SOBE kRGN e (AT AITR! AfHekldaRile) af hat  at
| east a nonmagneti ¢ undercoat |ayer, a nonmagnetic internediate [ayer, a

magneti c | ayer ] . ki i I on a
9 e ngrsn?lgglea &g&%&&%{( layér, thbé’"ﬁﬁ%{m?g'ls g&'ﬁg%lge?ﬁlgqe glg%&ehb 812 55l Blfer

nonmagneti c su t east one magnet | ¢ under coat
| ayer is copfiagured - t.yphe al | : V] L1 /! 6/ 090508
PCT/ JP2005/ DEYERE S‘%‘Qﬁ(ﬁz‘? di ‘?%‘é%‘%é{’%g thelcoBieiy ﬁ%@%ﬁ%‘?ﬁ ‘%8\??%“9‘%% %‘g" 5t a
nonmagnet i ¢ _upder t. layer, a stabili.zi | ayer, .a non net i

orer e ar 8 SRR hiRka e n Gl rifigt e sPUFe fvERE R A5 A Alat ed i n
this order on a nonmagnetic substrate, and where the stabilizing |layer is

ant i f er r oma&RélpHabe ppodndion optput breomapieatien 2 atrsplt leavngseleps®d in that at
| east one |ayer of the nonmagnetic undercoat |ayer is configured by a WV

type al |l oy onalige ahigh recorsiingdensify. (3) A magnetic recordi ng nedi um accor di ng
to (1) or (2), wherein the W/ type alloy utilized in the nonmagnetic

under coat | ayer heRatent Documerd 8t it bfs x6n popeed dia¥gheanothe aan M iopravedbyof 1 to 50
at% (4) A magnetic recording nediumaccording to (1) or (2), wherein the
MV type aldbmgiting Mo, 2 briMoTiledl o an MEDirdlby on atnobad€ orddntdtiay esntivd film sidh cont ent
ok 50 to 99 at% and a V content of 1 to 50 at% (5) A magnetic recording

medi um accorsMpD. tIovai¥r, eRthefifal fubbtah®@ of 4o orWESRIBYS Sieh adIBTRAHACW TG
internedi ate | ayer conprises at |east one elenent or alloy selected fromthe

gR:aO:llpl g;nsi Shve iRt tAhEREIre R kPYoise? arfddrt Blabf! th @pe FRth a fechdirRldefdty Re. and a
exceeding 50 Gbits/in®.

The present invention has been carried out to solve the above-mentioned
problems with an object of providing a magnetic recording medium which is able to cope
with a higher recording density, a magnetic recording medium which has a higher
coercive force and a lower noise, a production method thereof, and a magnetic recording
and reproduction apparatus.

(R { In order to soive the above problems, the present inventor, as a result of earnest
investigation and effort, has completed the present invention by identifying that the
characteristics of the magnetic recording and reproducing apparatus can be improved by
utilizing a WV type alloy, or a MoV type alloy as the nonmagnetic undercoat layer. That
is to say, the present invention relates to the following.

(1) A magnetic recording medium characterized in that at least a nonmagnetic
undercoat layer, a nonmagnetic intermediate layer, a magnetic layer, and a protective

layer are laminated in this order on a nonmagnetic substrate, and at least one layer of the

nonmagnetic undercoat layer is configured by a WV type alloy or a MoV type alloy.



(6) A magnetic recording nediumaccording to any one of (1) to (4), wherein
the L non-nagnetic coupling |ayer conprises at |east one el enent or alloy
selected from anong Ru, Rh, Ir, C, Re, Ru alloy, Rh alloy, Ir alloy, Cr
all oy, and Re alloy, and the non-nmagnetic coupling |ayer has a thickness of
0.5to 1.5 wzﬂggé?osb‘,srmgneti c recordi ng nedi um accor di ngpdQyEBR%NPRe Of (1)
to (4), wherein the nonmagnetic internediate | ayer conprises at |east one
all oy selected fromthe group consisti RY of a CoCrzZr alloy, a CoCrTa all oy,
a CoRu alloy, a CoCrRu alloy, a CoCrPtzZr alloy, a CoCrPtTa alloy, a CoPtRu
alloy, and a CoGoPtRagleti®Yecoldly edirfi Re¥ih€ atll €504 Sbrihghgh®Hl Uhderd6£04@i,Nng t o

any one of (1) to (7), wherein the nonmagnetic undercoat |ayer is
consti t ut ed, QyigRY dykd 8% EfCHiRediRg 18] Reh@ndiR) Sfer, MR 2DRALRO508
PCT/JPZOOSI%?t %5%1@7%%6@?[?2%#9 Clr oreall Cra%al I oyaﬁréorrpﬁe;i ng %r and at | east
one el ement,

l.ect f -Tl , T i, M d
o7 oM LSS D40 sl LR bl 1 a1
di di i t f. t 8) .. i t h ti
ecor 00, e USSR AL LAY MGk (B Bl Sl a5 S
CoCr T I 1 oy, CoCrPt Ta all oy, CoCr Pt B al | qy, CrPtB M i
BRAG ME NSRRI K=o LR TR Bl Vs R

magneti c recordi ng medi um according to any one of (1) to (9), wherein the
nonmagnet i cty¥paBl8e¥ate is either of a glass substrate and a silicon
substrate. (11) A magnetic recordi ng nedium according to any one of (1) to
(9), wherein thé&)ndmpotietrécordnhstdiomeactmdingtd (1) on Ehrwheckibthe WP type a N P
all oy -on one surface of a substrate which is selected fromthe group
consi sting alloyAltilizAd ingthd myhmaghétRaundaneht Sayki leon. W cddentAf @ td@tattsf aptoduci ng a
gnetic recordi ng nmedium having at |east a nonnmagnetic undercoat | ayer, a
nonnmagnet i ¢y dgohenf&d @50 altgyer, a magnetic |layer, and a protective |ayer
lam nated in this order on a nonmagnetic substrate, wherein at |east one

| ayer of the nonppaRelalfetidelRtHRBMdiANAEcrinP iPM) B8Q), MhefeiWeNPE k! Oy Or a
MoV type all oy.

alloy utilized in the nonmagnetic undercoat layer has a Mo content of 50 to 99 at%, and a

V content of 1 to 50 at%.

(5) A magnetic recording medium according to any one of (1) to (4), wherein the
nonmagnetic intermediate layer comprises at least one element or alloy selected from the
group consisting of a CoCr alloy, a CoCrPt alloy, Ru, a Ru alloy; Re, and a Re alloy.

(6) A magnetic recording medium according to any one of (1) to (4), wherein the

QL "'7_ non-magnetic coupling layer comprises at least one element or alloy selected from
among Ru, Rh, Ir, Cr, Re, Ru alloy, Rh alloy, Ir alloy, Cr alloy, and Re alloy, and the
non-magnetic coupling layer has a thickness of 0.5 to 1.5 nm.

(7) A magnetic recording medium according to any one of (1) to (4), wherein the
nonmagnetic intermediate layer comprises at least one alloy selected from the group
consisting of a CoCrZr alloy, a CoCrTa alloy, a CoRu alloy, a CoCrRu alloy, a CoCrPtZr
alloy, a CoCrPiTa alloy, a CoPtRu alloy, and a CoCrPtRu alloy.

(8) A magnetic recording medium according to any one of (1) to (7), wherein the

nonmagnetic undercoat layer is constituted by a multilayer structure including a layer



(13) A nethod of producing a magnetic recording nedium having at |east a
nonnmagneti ¢ undercoat |ayer, a stabilizing |layer, a non-magnetic coupling

| ayer, a magnetic layer, and a protective layer lamnated in this order on
a nonnmagnetic substrate, and where the stabilizing |layer is

anti f err omagnRetih&abdy Ponded to the magnetic |ayer, meﬁﬁﬁz&kmﬁﬁ@ét one

| ayer of the nonmagnetic undercoat |ayer is provided by a type alloy or
a MoV type alloy. WO 2006/ 090508 PCT/JP%005/019956 8 (14) A mmgnetic

recordi ng and reproduction apparatus conprising a magnetic recording nmedi um

accordi ng t oG Rk drhliof Sorkiprding @Nld At IB:G B dieméR 3ttt fbin theeCor ds and
repr oduces i nformation on the nagnetic recordi ng medium BRI EF DESCRI PTI ON

OF THE DRA | Ak Spaat Si§ - [ | a0 | | yajgodi ment
of a perpendic Iogrrﬁwr(r}éé!}l’?ial’ gg?gt%’rsﬁiﬁﬁgaﬁggfum%ﬁ?ﬁ%ﬁ%@%ﬂ%&%nti on. (!
FIG 2 is awgpaﬁﬁ)-secti onal view show ng a second enbodi nent of a
per pendi cul ar rra&heti c recording nediumof the present invention. FIG 3 is
a bl ock di agram gshowi n ne ex | e,.of a netic rec i ng.and .reproduci ng
Soparatus of tneChrbuRRetr e ermec pr AR ER A 5o BFUSH e B e
Synmbol s] 1 Nonmagnetic substrate, 2 nmagnetj ¢ ynder coat .| ayer
Nonmagnet i c PRISEE RYET campispsafdeast ope r@gghge??%ﬂ%f&% € BEPUPCERUTINE OE
Lubricant layer, 7 Stabilizing |ayer, 8 Non-magnetic coupling |ayer, 10
Magneti c reSoFdarYlondi el Tenal g e RB aldays andCoGrBEI N fhary ©f c
recordi ng and reproduci ng apparatus, 13 Mediumdrive unit, 14 Magnetic
head, 15 Heawraklementuswldcied ¥®nREz oCd and pizptipetilan si gnal processi ng system
BEST MODE FOR CARRYI NG OQUT THE I NVENTION FIG 1 shows a magnetic recording
gzd_i um accor di ng(10p Aembgrictit rezohingd mediim atcordihetopng aa bdf (1ntoe(9), ivdiereinl he

gnetic recording nmedium 10 shown in FIG 1 is one in which a nonmagnetic
under coat | @Qionfagitio LIRSS @ dithet a0y 458 diiRirete by £5ilidon sabsiRgNeti ¢ | ayer 4,
a protective layer 5, and a lubricant film®6 are sequentially |amnated on a

(11) A magnetic recording medium according to any one of (1) to (9), wherein

, 3
2l ayer, 6

the nonmagnetic substrate has a film formed by NiP or a2 NiP alloy on one surface of a
substrate which is selected from the group consisting of Al, Al alloy, glass, and silicon.

(12) A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a nonmagnetic intermediate layer, a magnetic layer, and a
protective layer laminated in this order on a nonmagnetic substrate, wherein at least one
layer of the nonmagnetic undercoat layer is provided by a WV type alloy or a MoV type

g alloy.

(13) A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a stabilizing layer, a non-magnetic coupling layer, a
magnetic layer, and a protective layer laminated in this order on a nonmagnetic substrate,
and where the stabilizing layer is antiferromagnetically bonded to the magnetic layer,
wherein at least one layer of the nonmagnetic undercoat layer is provided by a WV type

alloy or a MoV type alloy.



nonmagneti c substrate 1. WO 2006/ 090508 PCT/ 3P2005/019956 9 FIG 2 shows a
magneti c recordi ng nmedi um according to a second enbodi nent of the present

i nvention. The magnetic recording nedium 10 shown in FIG 2 is one in which
a nonmagneti c undercoat |layer 2, a stabilizing layer 7, a non-magnetic
coupling | aygheoued@edgragnetic | ayer 4, protective |ayer §CTﬂ?ﬂm%m5¥ﬁrica”t

| ayer 6 are sequentially |amnated on a nonmagnetic substrate 1. e film
configuration shown in FIG 2 is a technology designed to prevent thermal
fluctuation of the magnetic layer. In a magnetic recording mediumutilizing
thi s technol ogy,(18) ACRagmo0 edcoriigd Aid rebrb@rtib® Aspatitust OMpribig A BiagGeticayer s are
mutually inverted, the section participating in nmagnetic recording and

magnet i c re&e&q@mmxﬁu&%ﬁﬂg tAdyYonB BEQTRS(18 N a8 na i@l hbiewhiblh ckness  of
|

t he whole reco ng film Therefore, it is possible for the SNR to be

I mproved. %cgﬂagaﬁ’& Eﬁfodﬁ&{g%fo | &tioin%]pmgé}lle C Iegoﬂd[r@rrg%fﬁurﬁ.he t her mal

instability, because total volune of crystal grai the whol e recording
| ayer becomes large. A nediumutilizing this technology is generally called
an AFC medium (Antiferronmagnetically-Coupled Media), or an SFM (Synthetic

Ferrimagnetic Media). 1 i cal l ed AFC nedi uns.
As the nonmagnetic subsrﬁﬁgl{ﬂgﬁewﬁéﬁe@%ﬁﬁﬁﬁj&éﬁh@é , anmetallic
substrate nade of a netallic material such as A, and A alloy is used, on
which a fil m madElGf kg progy-sechipml yjepho e pedist egnbodisneang alp pespengiqular
nonmagneti c substrate 1, nonnetallic materials such as glass, ceramcs,
silicon, si magesticaegopdingmediainbefithe prasent wsentionay be used, or one in which an
Ni P or NNP alloy filmhas been formed on a substrate nade of nonnetallic
matieri al may be BEed.is Asroshiecctiomiwiest showingeitsecandlembodioment b propendiculfr sur f ace
snpot hness, one type selected fromglass or silicon is desirable. In

parti cul ar, nfagnetictrisrdiog fledinin 6fthié presoncindentiohi 1 ity, it is desirable to use
gl ass. As glass, crystallized glass or anmorphous glass nay be used. As

anor phous gl ass, FORIEE abldeld dR@sen sfkangd dndRx&hile Sf a alapidtid QedddifSadd cat e
glass, or alumno-silicate glass may be used. As a crystallized gl ass,

Ui thi um cr y sabducAe GpMPxiR0 96MASAR0R i REToHP2005/ 019956

[Brief Description of the Reference Symbols]

1 Nonmagnetic substrate, 2 Nonmagnetic undercoat layer, 3 Nonmagnetic intermediate

layer, 4 Magnetic layer, 5 Protective layer, 6 Lubricant layer, 7 Stabilizing layer, 8

Non-magnetic coupling layer, 10 Magnetic recording mediuvm, 11 Magnetic recording
(L medium, 12 Magnetic recording and reproducing apparatus, 13 Medium drive unit, 14

Magnetic head, 15 Head drive unit, 16 Record reproduction signal processing system

BEST MODE FOR CARRYING OUT THE INVENTION

FIG. 1 shows a magnetic recording medium according to a first embodiment of
the present invention. The magnetic recording medium 10 shown in FIG.1 is one in
which a nonmagnetic undercoat layer 2, a nponmagnetic intermediate layer 3, a magnetic
layer 4, a protective layer 5, and a lubricant film 6 are sequentially laminated on a

nonmagnetic substrate 1.



10 gl ass may be used. As a ceram c substrate, a sintered body or a
fiber-reinforced material thereof of general purpose al um num oxi de,
silicon nitride, and the like, as its principal conponent can be adopted.
Since lowering of the flying height of the nmagnetic head is required to

i ncrease th@ rzﬁﬁs%gé-oﬁ'g density, it is preferable to incrgasg.dolfssk f ace
snoot hness oOf ‘the nonmagnetic substrate 1. That is to say, It 1s preferable
for the surface average roughness Ra oB t he nonmagnetic substrate 1 to be
not greater than 2 rim and preferably”not greater than 1 nm It is

preferable to foFmy beKsW LmhBHelS rde¥rdirthailifin BEQERSSNGeMhdleRBoditichese of the
nonnmagneti c substrate |I. In texture processing, it is desirable for the

average [ oughaeas iflentille BISILASeIhRGRAN AP PRI LGk af han 0.1 rim

and not great an re pre y not less rimand not
greater thapn, 0,5 ri and still_ nor ref.er abl ot less than Q.1 run and
ot g eat or Wi igrSheRfpSlerios 712 2 SolihE R T Fror it Prdibagnet ¢

ani sotropy jn the circunferential directio f. the magnetic recording

o om 17 e SreAeit e BHEC I O MRAOTRT BAHIEIERB el y i n
the circunferential direction. It is preferable for the m cro-wavi ness (W)
of the surf lEunatethemmpeiEragacticpbiteta b Thefdmiranhgpratipnshown mAGN 2688 i m (nore
preferably not greater than ( 0.25 urn). Furthernore, for the flight
stability ofechipdogyadgsighédiolpesyent thermabflyntustien ahthe magnetigddyer.t Ine magnptic e

aver age roughness Ra of at |east one of either the chanfered surface of
chanf er por tdcordingf médiemantizihg s ochnblogy siirtbe ragoatizatian diectiats ofjtvaat er t han 10
rim(more preferably not greater than 9.5 nn). The m cro-wavi ness (Wa) can,

f or; exanpl emapgeticBRELHre thubfllp indd R seathpgticipatigdin@snétlc racddiagur i ng
range of 80 m by utilizing a surface roughness neasuring apparatus P-12

(product of aﬂﬂﬁ{hg}@ﬂe%p}eduzh&] m&m&nyh&&m&%&&mﬁnk@mm’éﬂ S thowhme on the
nonmagneti c substrate. A W type allbdby or a MoV type alloy is used in at

| east_one | axgfai i CrIRABRON R Jobsiblb REKLAM 1d BSfprdhed | O bGAY phie al oy
utilized in the nonmagneti c undercoat |ayer of WO 2006/ 090508

;’Eg’ ) Egogi /C 59 HoSibleth i’ﬁ,p%vg i zféj)éaaf iUy OfbcartsD B VB RMS Lryst pRink 87 99 at %

the whole recording layer becomes large.

A medium utilizing this technology is generally called an AFC medium
(Antiferromagnetically-Coupled Media), or an SFM (Synthetic Ferrimagnetic Media).
Here, these will be genericaily called AFC mediums.

As the nonmagnetic substrate 1 in the present invention, a metallic substrate made

{ g_ of a metallic material such as Al, and Al alloy is used, on which a film made of NiP or

NiP alloy formed is provided. Asthe nonmagnetic substrate 1, nonmetallic materials
such as glass, ceramics, silicon, silicon carbide, carbon, and resin may be used, or one in
which an NiP or NiP alloy film has been formed on a substrate made of nonmetallic
material may be used. As the nonmetallic material, from the point of surface smoothness,
one type selected from glass or silicon is desirable. In particular, from the point of cost
and durability, it is desirable to use glass. As glass, crystallized glass or amorphous glass

may be used. As amorphous glass, general purpose soda-lime glass, alumino-borosilicate

glass, or alumino-gilicate glass may be used. As a crystallized glass, lithium crystallized



When the V content is less than | at% no effect of V appears, and when the
V content exceeds 50 at% the particle dianeter of the W alloy film

i ncreases, thereby increasing noise, which is not desirable. Addition of

el ements such as W My, and Vto & has an effect of expanding the lattice

constant, apgd,hzesRventionally widely performed for matpehipshodhilobksCo
all oys. However, 1'n recent years, because of the increase I1n the lattice

constants of Co alloys fromthe incre éed addition of Pt to Co alloys, and
the use of Ru alloys which have a Iara r lattice constant than Co alloys, a

need to furdiiemagrRAtdd. tAAE dedntit GEbsHABSE MIESd bSdy SEHRL-RGnfofebd mWeribd, and V
all take the sane bcc structure, and their lattice constants are 2.88 A for

ro9 0 ose althinu i c ittide i | B ring; hi
Cr, 3.16 Atfu?r(%yfwaf#gneléﬁpgﬁ% 1Ma%ﬂ{l&@e,9%o%md>énwu&osg&gél Lchi ng

with a Co a oy wmth a Pt content ofgto 16 at and V are
too small, _an 0 . i . i.f 1s

e fecti ve 15 R B pARREE, 30 oBicHFa ot R RN EI O S RBRERadity 15, and
it is possible to achi eve an timal. matchi- To.t he type all oy or MV
i 1 oy, h cRasired o fereeSie FoRine drBrHAD ATl o it TEaER2 of ¢ he
present invention, an elenment which has _an auxiliary effect n’gy e added.
Exanpl es of STeqethngsiptihcorpamagnetisspbstraty le That igto say, it igpreferablefpy thigprtage Ny
Ru, Hf, Ta, Re, and the like. It is desirable for the total content of the
addi ti onal #lemge rrugheess Rpef hemopgmagnete subkizate D kot greatef thapd npeed  cont ent
exceeds 20 at% the effect of the above- nentioned orientation adjustnent

| ayer decr epsfesablyline gteateethahilmnt. of the total content is 0.1 at/o. Wen the
content is less than 0.1 at% the effect of the additional elenent is |ost.

The effect of adédisngefBrabledo Alrmitextapeeksetyl tyxtin peeessipoor the swifacé bftheé i on of a
WeB al | oy, a WA alloy, a W/AIB alloy, an MoVB all oy, an MoVAI alloy or an

MoVALB al | OjonntHpR@ld sibstRt I 1 I ué:@Sre pocBRing it seXdsifiblOfdr thib RGO HGRAHRS
PCT/ 3P2005/ 019956 12 In the present invention, when the nonmagnetic

under coat | @%QE subsirsie hRERE S BYmaddQot leESBard @AM AR nbBYE4tSr théh YW nlype al l oy or
MoV type alloy 1s utilized for the |ayer on the nonmagnetic internedi ate

e o AR b8 O e BCiS Bl | Yo 0 1%

Mo, preferably not less than 0.1 nm and not greater than 0.35 nm). From the point of
strengthening the magnetic anisotropy in the circumferential direction of the magnetic
recording medium, it is preferable for the texture marks to be formed approximately in
the circumferential direction. It is preferable for the micro-waviness (Wa) of the surface
nommagnetic substrate 1 to be not greater than 0.3 nm (more preferably not greater than

L . 0.25 nm). Furthermore, for the flight stability of the magnetic head, it is preferable to
make the surface average roughness Ra of at least one of either the chamfered surface of
chamfer portion of the end face or the side face, to be not greater than 10 nm (more
preferably not greater than 9.5 nm). The micro-waviness (Wa) can, for example, be
measured as a surface average roughness at a measuring range of 80 pm, by utilizing a
surface roughness measuring apparatus P-12 (product of KLM-Tencor).

The nonmagnetic undercoat layer 2 is formed on the nonmagnetic substrate. A

WV type alloy or a MoV type alloy is used in at least one layer of the nonmagnetic

undercoat layer 2. In the WV type alloy utilized in the nonmagnetic undercoat layer of



A, Ta, W Ni, B, Si, Mi and V may be used. In the present invention, it is
desirable for the filmthickness of the nonnmagnetic undercoat |layer 2 to
formwi thin a range of 10 A to 300 A Wen the filmthickness of the
nonmagneti ¢ undercoat layer 2 is less than 10 A the crystalline orientation
of the no i ¢ undercoat layer 2 is insufficient EVF ks coercive
force. If t'@gggﬁg& % hi ckness of the nonmagneti c underc%)at Izg{}g}rﬁgzéexceeds
300 A the magnetic anisotropy of the tiragnetl c layer 4 in the
circunferential direction decreases. Itlis more desirable to forma W

al loy fil mtmpré@}{tﬁbén%nfthéwmfenm 58 16 b Bod, %E&@%&n‘téﬂtkh%'ﬁ@@% of 5 Ato
100 A. A Cr layer or Croal l'ayer or the Iike having a filmthickness in

the range gf élthévtc%Pégﬁs fiss ahan&i f% %ﬁafogrv ;ilﬂl}@waga%w eSP n?énve force

and rect angu ari rragne Payer esira

crystalline ori.e n of. pealoy of the
nonmagnet i ¢* Wﬂ%%%ﬁ"t’ ezﬂ?ﬁ?" ?Betﬁaﬁggefw ?l%ﬁmdf‘gﬁa@e efe?'? P R 1 ed
orientation pl ane the crystalline orientation of the Co alloy
of the madiReri¥ IF]&?é‘PtﬁesF?#?md on the nonmagnetic undercoat |ayer 2 shows
nore strong (111’é£€1§ direction, and therefore inprovenents in the nagnetic

properties, for iopIof clsments such as MbMe, i) to Grhgs fesvehrEpangingthe ecor d

reproduction performance, for exanple SNR, can be obtained. For the
nonmagnet i datticd ensteot] atdds benpentiddallf widely mﬂr@srecd for matshing ovith Ga alloys.desi r abl e
to use a material to have a sufficiently good lattice matching hep structure
W th, for oweavpt,én retdie yéalf)Gpcapbeasfahoihciche indrrisigeeatonstantn dbCeo alddys| ayer 2

t her ebeneat h. For exanple, one conprising at |east one material selected

from a CoCrirdth tRMncrénsédiddRiondf PO, CIMN036 a4 @RABO 8f ICIlIFZAMB/HAIS256 13 Ru,
an Ru type alloy, Re, or an Re alloy, is preferable. Still nore desirable,

uti i zi ng afrgefuitce EoBBNAhhPTo o Jl’sfiﬁééh'td/ﬁlrﬂheréi‘ﬂhrﬁﬁhéﬁﬂﬁ%b&&ntﬁﬁ this tine,
a O content of 1 to 50 at% is desirable. Wen the C content is |l ess than

1 at% the %x%h?ﬁh?”@f‘tv@'l\dﬁfaﬁ]ﬁ@ﬁaﬂékm% saxﬁ@ﬁ&'sﬁtﬁﬂmaﬁfaﬂm%ﬂc@@?r%a? gont ent

exceeds 50 he’crystalline structure of type a changes

from the hoR. SLEUCKUES 3113 A B WORIPRIRICUY! fuu CAURYIY FISEE8ASRabilng COC O1 Ve

force. esira f'or e ‘nonnagnet |

I nter nEd' at‘gﬁh a Co alloy and Ru alloy with a Pt content of 8 to 16 at%, Cr and V are too small,

and W and Mo are too large. To resolve this problem, it is effective to adjust the lattice
constant by addition of V to W and Mo, and it is possible to achieve an optimal matching.
To the WV type alloy or MoV alloy, which are utilized in the nonmagnetic
undercoat layer 2 of the present invention, an element which has an auxiliary effect may
Q_ ' be added. Examples of the additional elements are B, C, Al, Si, Cr, Mn, Cu, Zr, Nb, Ru,
Hf, Ta, Re, and the like. It is desirable for the total content of the additional elements to
be not greater than 20 at%. If the total content exceeds 20 at%, the effect of the above-
mentioned orientation adjustment layer decreases. The lower limit of the total content is
0.1 at%. When the content is less than 0.1 at%, the effect of the additional element is lost.
The effect of adding B and Al is especially large, and the utilization of a WVB alloy, a
WVAl alloy, a WVAIB alloy, an MoVB alloy, an MoV Al alloy or an MoVAIB alloy

greatly contributes to noise reduction.



| ayer 3 to be within the range of 10 Ato 100 A when the thickness of the
nonmagnetic internediate layer 3 is less than 10 A the crystalline

orientation of the nonmagnetic undercoat layer 2 is insufficient, |owering
its coercive force. If the nonmagnetic intermediate |layer 3 filmthickness

exceeds 100“,6,2066117@0%§ai ns beconme |arge, causing an incrgasgd@niesse. For
t he magneti c layer of the present invention, one alloy selected froma

group consisting of a Co-Cr-Ta, a Co-Cs;Pt, a Co-Cr-Pt-Ta, a Co-Cr-Pt-B-Ta,
a Co-Cr-Pt-B-Cu alloy, or a Co-Cr-Pt-B—ZAg alloy, is desirable. For exanple,

in the case of an@Re presdnt invahtiody whéd BehéliagR@icnindeco®Myet PRITOMQIIRIL, it 1S
desirable to have a C content in the range of 10 at%to 27 at% and a Pt

content in [hqed@nPewBhaydrah Wi Q118 HMEPtype&: | Rilizdd ol $h8 15856, Of a
Co-Cr-Pt-B al I‘(a);, fromatlyﬁre’ poi nt%[p(%jf "@Ndl'«gohi’{rrpryg\i}eﬁeaﬂ?,lﬁihtz cipfs? ﬁhdé@?r able to

have a O C%%@ﬁ%&%@ gftﬁ%}'(;rrﬁgﬁge lg}eé%gid@.t %b{vvgve%jﬁ[o h%’ot}ﬁ ayers, @?%%ri(ﬂat he

range of 8 at content 1 n e ranfye 0 to 20 at%

For exanpl e, in the case.of -Cr-Pt-B-Ta. al |,0 from.t he i.nt. of SNR

| mor overent C pos 1855 8RR st ngbe s idle diRerpyp RRESHR B 101000 2t o0
to 27 at% a ent_ipn th ange of 8 at%to 16 at% a B content in the
range of 1 ﬁ&%%%’ﬁt%&éﬁﬁy‘?#%‘ﬁ%m inthe range of 1 at%to 4 at%
For exanple, in the case of a Co-Cr-Pt-B-Cu t¥pe all oy, fromthe point of
SNR i npr ovenent , Inj the pegseps ventigne itipdasisqhle for tye T hiskness of thpeonmagaeticof 10 at %
to 27 at% a Pt content in the range of 8 at%to 16 at% a B content in the

range of 2 andertost RPersk BHfomOVDRG/ BRRSOS0 RaTA0PA0OBhabeEBn thicknessdfa Cu

content in the range of 1 at%to 10 at% For exanple, in the case of a
-Cr - Pt - Bihdgohypgnetik lungercdat bayeit his lgothah 104, Sklkrysmilime\ceienntion oftthé s

désirable to have a & content in the range of 10 at%to 27 at% a Pt

content in hbgmighegeuiferdatiafert2ds kbuffitat, BweBng dHéRpdivd fordehef thafie of 2 at %
to 20 at% and a Cu content in the range of | at%to 10 at% Wen the film

t hi ckness ofhitihRssBraREi dntnab AR undercSat Hy8et Sicedds 300] A thelmfhgh&id dhlbotropyner e i s
no problemfromthe viewpoint of thermal fluctuation, however, fromthe

requi renent g o oodBid 1862Gh At GRODFdhtial BRStN deBRHAL. §19s ABreWRitable to
preferable. This I's
form a WV alloy film or MoV alloy film having a film thickness in the range of 5 A to
100 A. A Crlayer or a Cr alloy layer or the like having a film thickness in the range of 5
A 10 100 A, is desirable for improving the coercive force and rectangularity of the
magnetic layer 4. It is desirable for the crystalline orientation of the WV type alloy or
the MoV type alloy of the nonmagnetic undercoat layer 2 to have the (100) plane as the
Q - preferred orientation plane. As aresult, the crystalline orientation of the Co alloy of the
magnetic layer 4 formed on the nonmagnetic undercoat layer 2 shows more strong (11-0)
direction, and therefore improvements in the magnetic properties, for example coercive
force (Hc), and improvements in record reproduction performance, for example SNR,
can be obtained.
For the nonmagnetic intermediate layer 3 of the present invention, it is desirable
to use a material to have a sufficiently good lattice matching hep structure with, for

example, the (100) plane of the nonmagnetic undercoat layer 2 therebeneath. For

example, one comprising at jeast one material selected from a CoCr alloy, a CoCrPt alloy,



because if 40 amis exceeded, the grain size of the magnetic |ayer 4
i ncreases, and desirable record reproduction performance is unable to be
obt ai ned. The nagnetic layer 4 may have a nultilayered structure, and the
material thereof may be selected fromthe above utilizing one of the

conbi nat i or@,? 21"{2;/05@38 case when the magnetic layer 4 is %cgﬁ%do%/bﬁys%r
I I's de

structure, Sirable fromthe point of record reproduction perfornance
and SNR characteristic inprovenent, thalt the layer directly above the
nonmagnetic internediate layer 3, is a % ayer conprising a Co-Cr-Pt-B-Ta

al l oy, or arEom@u Fpe BdyURe, b Re aby, 3 fSrofefableP St Rdrk Q¥sirableOMItzEG apoi Nt of

record reproduction performance and ~SNR characteristic inprovement, it is

desirable f ; . ' - Pt - ~B-
Coor Pt B Ry L0y PR - SR BRI R (T 2 (PSRRI % 2t Fon,

Co-Cr all oys,;.ex I si.rabl |1 QySe.i Rel Loalloy, a
Coor Ta al | o SR Bt CF s B B ittt & L b ma
all oy, a CoPtRu all 0 CoCrPtRu alloy, Lt is desirable for the film
hi ckneas. opotaet.anaihet e s baenspes v e sk st RRIG° o' 50 A
When the stabiljzing layer 7 filmthickness is Il ess than 10 A {he

st abi | i zi ngDPaphey shapges foghthe hemyrugtirsiodhebae sHP5T, cauRge 8 9e€eaBin show
antiferromagnetic binding with the magnetic |ayer 4, which is above the
st abi | i zi ngcdessive foxge: At us%eslmbhiﬁ@gﬁﬁ%m iekpess(of Hig DEN2PBES CooBEdiate

PCT/ JP2005/ 019956 15 | ayer 8 pl aced therebetween. \Wen the stabilizing

| ayer 7 fil iayth} okrowithieibe eamgs o500 A to 10h4. gvhai the thielomseof the genmagaetsi ng an
i ncrease in noise. For the non-nmagnetic coupling |ayer 8 of the present

i nvention, idterhedidedayeabliclesdthin 10 A, the clysidiiae onataioa e e mhmagnedt | oy
sélected fromRu, Rh, Ir, O, Re, an Ru type alloy, an Rh type alloy, an Ir

type all oy, uAddoat Mp& ik hrdMEficRht, ddwdrig ity Béeréihd Rice. [INhPAbAMSIeAE, it is nore
desirable to utilize Ru. If the filmthickness of Ru is approximtely 0.8

rim the apdhRERRTRERSHLR tRicREkH ks 16RACHhe gl Hicbiic B8R EARING an FOr the
above-described protective layer 5, it is possible to use a conventionally
known mat er ialeq.d frpofsanpl e, sinple substance such as carbon or SiC or a
material containing those as their principal conponents. Wen the

protective layer Fbrsthgﬁﬁgmjtig 1;}}}3164 of the present invention, one alloy selected from a group
consisting of a Co-Cr-Ta, a Co-Cr-Pt, a Co-Cr-I't-Ta, a Co-Cr-Pt-B-Ta, a Co-Cr-Pt-B-Cu
alloy, or a Co-Cr-Pt-B-Ag alloy, is desirable. For example, in th; case of a Co-Cr-Pt
alloy, from the point of SNR improvement, it is desirable to have a Cr content in the
range of 10 at% to 27 at%, and a Pt content in the range of 8 at% to 16 at%. For

Q 4 example, in the case of a Co-Cr-Pt-B alloy, from the point of SNR improvement, it is

desirable to have a Cr content in the range of 10 at% to 27 at%, a Pt content in the range
of 8 at% to 16 at%, and a B content in the range of 1 at% to 20 at%. For example, in the
case of a Co-Cr-Pt-B-Ta alloy, from the point of SNR improvement, it is desirable to
have a Cr content in the range of 10 at% to 27 at%, a Pt content in the range of 8 at% to
16 at%, a B content in the range of } at% to 20 at%, and a Ta content in the range of 1
at% to 4 at%. For example, in the case of a Co-Cr-Pt-B-Cu type alloy, from the point of
SNR improvement, 1t is desirable to have a Cr content in the range of 10 ai% to 27 at%, a

Pt content in the range of 8 at% to 16 at%, a B content in the range of 2 at% to 20 at%,



case of a high density recording state, the filmthickness of the protective
layer 5 is desirably in the range of 1 nmto 10 nmfromthe point of
decreasing the magnetic spacing and fromthe point of durability. Magnetic
spacing represents the distance between the read/wite elenent of the

magnet i c hQ@gum&%g.%pe nmagnetic layer 4. The narrover the SRINELLG Spacing
becones, the nore e el ect ronmagnetic transfer characteristics | nprove.

Since the protective layer 5 exists between the read/ wite elenment of the
head, and the magnetic layer 4, this |layer 5 becones a factor in w dening

the magnet isaq aRAGIREN! i the UAEd S19-£ANS 20 BAOFdreREh I8t ih R dadydita Go-€RMPT i Si ng,
for exanple, a perfluoropolyether fluorine |ubricant, may be provi ded on

the prot eCtﬂt#AEi&eggoaﬂlgr,nfgﬁﬁmﬁ%%W o{éﬂtér%ieiﬁp%@ah&ﬁ‘%ﬁdLQ{atbfeﬁSh ic layer 4

of the magnetic™r i'um o resent invention to have a
magneti zati on, _or. ent at i on. .l.ayer f 5.0r,nmore [e referably, 1.1
or rore - Fraenbip T AT R ntEe 8 foude B 0Bk bERE ol SABAC Ve

force in the circunferenti irection/ coercive force in the di al

T oct i on) B pOR It e of 3 80 B TRoHA COrOTTeRy 81 0f snilopt | a%eotlan 1 05,

an inprovenent in the magnetic WO 2006/ 090508 PCT/ JP2005/ 019956 16

char act eri sttfoes, for exanpl e coercive force, and an inprovenent in the

el ectromagnetic transfer characteristics, for exanple SNR, PW0, can be

obt ai ned. The nelyhen the &l drickness of itheanagnati layerrd i gredief prrequalds 10 he, rat i o

bet ween the coercive force (He) in the circunferential direction and the He
i n the raditatreds icepbblem frém deweswpmim ofthtineal foenationchoweye; &oofthe he nagneti c
recordi ng mediumrecently has beconmes high, there are cases where the
magnet i zat i requitsinedtl dfthighret¥iag démityieés of ephal © 40emd B\refdraAble NEhipiLsent

i Avention, in order to supplenent this point, the magnetization orientation

llayer of thech@sif4iplm BGOaIdEd Ahd @RindFR ¥hihe nfagheiRUayePd $lchRkes, At
magneti zation orientation |layer (MtOR) of the residual magnetization anount

is defined j&galiDfechbRltefolRLVE SRrHREMEER VML 1T RUBBLAARTHE haBfRidMyet ML) i N
the circunferential direction and the residual magnetization anount (Mt)

R b O By s o
above utilizing one of the combinations. In the case when the magnetic layer 4 is a
multilayer structure, it is desirable from the point of record reproduction performance
and SNR characteristic improvement, that the layer directly above the nonmagnetic
intermediate layer 3, is a layer comprising a Co-Cr-Pt-B-Ta alloy, or a Co-Cr-Pt-B-Cu
alloy, or a Co-Cr-Pt-B alloy. From the point of record reproduction performance and

Q, . SNR characteristic improvement, it is desirable for the top layer to comprise a Co-Cr-Pt-
B-Cu type alloy or a Co-Cr-Pt-B type alloy.
As the stabilizing layer 7 of the present invention, Co-Cr alloys, examples of
desirable alloys includes a CoCrZr alloy, a CoCrTa alloy, a CoRu alloy, 2 CoCrRu alloy,
a CoCrPtZr alloy, a CoCrPtTa alloy, a CoPtRu alloy, or a CoCrPtRu alloy. It is desirable
for the film thickness of the stabilizing layer 7 to be within the range of 10 A to 50 A.
When the stabilizing layer 7 film thickness is less than 10 A, the stabilizing layer 7 no

longer holds magnetization, and does not show antiferromagnetic binding with the

magnetic layer 4, which is above the stabilizing layer with the non-magnetic coupling



orientation |layer of the residual nagnetization amount is not |ess than
1.05, and nore preferably not less than 1.1, an inprovenent in the magnetic
characteristics, for exanple the coercive force, and an inprovenent in the
el ectromagnetic transfer characteristics, for exanple SNR PWO0, can be

obt ai ned. &x}%zu‘d@}?ﬁ'ﬁtnsl imt of the value of OR and I\/rtCRP{ﬁmj,z? al Loy a
situation efe a of the magnetic domains of the nmagnefic filmare
directed in the circunferential di rectié)n, and in this situation the

denom nator of the nmagnetization orientation |ayer becones zero, so that it

becomes i nfayér § SlaceB BierdHeBrect® Bt TEIMbi ANl 1Ry TEIRChicERlst SReQLsis6H at i on
| ayer and magnetization orientation |ayer of the residual magnetization

anmount, a ﬁ%&ﬁ@@g&hgwgégﬁgln%w,%@ &) is used. FIG 3 shows an

exanpl e of a magnetic recording reproduci ng apparatus utilizing the
above- nenti one [ r.di j T tic recor.d nd

r epr oduci ng apggw i@aéﬁg\%ﬁg}pﬁgi@r %%é%en%rg?cggg’qggioﬁh%gsecfélglgdb?%la%r di ng
medi um 10 constituted, as shown.in FIG, 1, or netic_recording WO

2006/ 000508 PEIHSE SleRbaou s AP schetie fim £, 05, & Pt i BEShaUAP A F1 o 2,
a mediumdrive unit 13 that rotates the magpetic fecording nedium 10, 11, a
magnet i ¢ h&kdeeAllernan I wpe ey, aitd tyiepHen ge a5 Re hiwe alloy. dnparticsan.itis ¢ he

magneti c recording medium 10, 11, a head drive unit 15 that relatively

moves the m@slrilh@aﬂﬂmﬁﬂm tthe &by thickness of R ivapgrredmetelydebrmi thg medi um 10,
11, and a record reproduction signal processing system 16_ The record

repr oduct i entifsirgmagnetipbindmgsnarepsssy shemisldesirablabl e t o process the data i nput
fromthe outside and send the record signal to the nagnetic head 14, and
process the repFadheibors-dsiogibad ploteativd IBger Sninpkiible head alkénenmdosdind t he dat a
to the outside. For the magnetic head 14 used in the magnetic recording and

repr oduci NgnaRR Aafkibls fok 2x@hplk Emple S8R Bhcd MR B daMbn R FIC, W laYnAdal MR
(magnet oresi stance) elenent utilizing a giant magnetoresi stance effect (GWR)

as the reRpRIMGRRe 8t BRE MrinciPMlcofphRARE Wikenlt fehie: 15 iaRk@idf B hi gh
recordi ng density wﬁi ch h%gmgBG\?I% «gl enment ugi ﬁ?g ttlmne rmatgne% oresi stance

R e T
desirably in the range of 1 nm to 10 nm from the point of decreasing the magnetic
spacing and from the point of durability. Magnetic spacing represents the distance
between the read/write element of the magnetic head, and the magpetic layer 4. The
narrower the magnetic spacing becomes, the more the electromagnetic transfer
characteristics improve. Since the protective layer 5 exists between the read/write

2 . element of the head, and the magnetic layer 4, this layer 5 becomes a factor in widening
the magnetic spacing. A fluorine-containing lubricating layer 6 comprising, for example,
a perfluoropolyether fluorine lubricant, may be provided on the protective film if
necessary.

It is desirable for the magnetic layer 4 of the magnetic recording medinm of the
present invention to have a magnetization orientation layer (OR) of 1.05 or more (more
preferably, 1.1 or more). The magnetization orientation layer is expressed by (coercive

force in the circumferential direction/coercive force in the radial direction). If the

magnetization orientation layer is not less than 1.05, an improvement in the magnetic



i nvention uses a magnetic recording nedium 10, 11, which has a small average
roughness and snall m cro-wavi ness. Therefore in addition to the inproved

el ectromagnetic transfer characteristics, the magnetic recordi ng and
reproducing apparatus is one with good error characteristics when the
magnetic h ' at a low floating state in order spaci ng
| 0ss. Acco?‘gi}ﬁg’%ﬁog(%@ﬂe above-nenti oned nagnetic recordiptﬁgugﬁ)ggﬂr%g%r%oduci ng
apparatus 12, it becones possible to mapufacture a magnetic recording

medi um sui tabl e for high recording dené?ty. Next, an explanation is

descri bed Eﬁ%@r!tél{sﬁgs oy ﬁmw'cﬁerﬁie forlP A ALk Vihent TR 1OFe RbrdaffriyBONEL | C
recordi ng nmedi um accor di ng to the present 1 nvention. For fhe Honmagneti c
substrate ither of th teri ifdicated i.n.(10) 11) neptioned above
oy be- used ™ e BiteeBsiis o BaRplR R GA E St mardthe Bl 015 12
Ni P WO 2006/.090508l PCT/ JR2005/ %9%5% 18 pl atin Pas éff?n t%gpl ied to an A
substrate CHEMRMY YT LS¢qhngd a5 thy UG OLlwegn e CRFFHYE FAPeArc) ithe ysed. Firstly,
texture processing is applied to the surface of the NiP plated A substrate,
so as to f&HRmierediipl dirchpnaed tyrHenytheradighdiregtion. higwavey singe the|cppiéivBensi ty of
not less than 7500 (lines/nun) on the surface of the substrate. For

exanpl e, a fersg pithe magnetispejoading medihm reeantly barf heremesi tagh, thereareicates by nachi ne
processi ng (al so known as "nechani cal texture processing”) using a fixed
abr asi ve grviere thadiagnetazationameafatiaslaye igmaasaretido bolom.t ext ure  mar ks of
striations to a line density of not |ess than 7500 (lines/mm on the surface
of a gl ass subsi thetpessemtaiveaiai)Rl &derdo Glipphdhen@thiyent] the Riaghd@atidont 0 cont act
with the surface of the substrate, and texture processing is perforned by
rotating bojienfaliéh RYRILRIEsiARI mafiRtiz4RAGKANAS uleito@itepdTig tape, while a
geinding slurry containing the grinding abrasive grain is supplied between

the subst r ahgmeiflubhiSrigudAliARy NARGR) Ble 1Rl B mdghel ABPRRLES: dembipke the

rotation of the substrate in’t range of 200 rp rpm It iIs

ible t . f i ndi I f 10
%Offr; n te 0 %W ?éngﬁwgﬁeﬂle ge%%dgglg?%ﬁg‘gﬁﬁagglﬁr&%géﬂ’? B@gﬁ‘ﬁ%’f‘%g arﬁe ggdos peed in
Lhe 1 ange of ek SlTh 8t ke TIAN Soub ) RSB Rt RidR GRS 9721 1

size of the

Mrt in the circumferential direction/Mrt in the radial direction). If the magnetization
orientation layer of the residual magpetization amount is not less than 1.05, and more
preferably not less than 1.1, an improvement in the magnetic characteristics, for example
the coercive force, and an improvement in the electromagnetic transfer characteristics,
for example SNR, PW50, can be obtained. The upper limit of the value of OR and
€ . MrtOR is ideally a situation where all of the magnetic domains of the magnetic film are
directed in the circumferential direction, and in this situation the denominator of the
magnetization orientation layer becomes zero, so that it becomes infinite. For the
measurement of the magnetization orientation layer and magnetization orientation layer
of the residual magnetization amount, a VSM (Vibrating Sample Magnetometer) is used.
FIG. 3 shows an example of a magnetic recording and reproducing apparatus
utilizing the above-mentioned magnetic recording medium.
The magnetic recording and reproducing apparatus 12 shown in FIG. 3 comprises

a magnetic recording medium 10 constituted as shown in FIG. 1, or a magnetic recording



contained in the abrasive slurry 0.05 mto 0.3 mat D90 (the grain size

val ue when the cunulative mass% corresponds to 90 mass% . It is possible to
make the pressing force of the tape | kgf to 15 kgf (9.8 Nto 147 N
(relative pressure)). In order to formthe texture striations to a |line

density of not less than 7500 (lines/m) (nore preferab t han
20000 (i nds) %Pﬂf’?g,ﬂg‘?st is desirable to set these conditi gﬁg?ﬁlto?'ﬁﬂ%l?%gesi rabl e

for the surface average roughness Ra qof the NP plated Al substrate with
texture striations formed on its surfdée, to be in the range of 0.1 nmto 1

run (1A ¢ Guul) 1 oo £'A in 25 Whnddhu B il 24 Bles 0 2006/ 090508

PCT/ JP2005 I's al so possi’ble to apply texture processing with

addi ti onal oscillatiqn. ci ion is.a r.at,i erne at, the,same tine
as the tapem?gglé%ceﬁ%%%rglﬁlﬁfn?%%{ﬁé n? [PRencp geagqgéﬁﬁfrgc% é%‘sﬁmg P drug%sﬁ SN of the

substrate, ,the tape i.s swng in the radia Lrection of . supstrate. It
PR S e L S A g R o Y D R B e

times/mn. As a method of texture processing, it is possible to use a nethod
where t extews themagnetmhead 14 withaapactito thy magaghicrerrsing msdiugpi0, 1ds®dt han 7500
(litnes/mm. O her than the above-described nechanical texturing nethod, a
met hod usi regreeptd rspeetughpm signe! progeasing systemnd6h ddie mreiordreprofiictiod sighelt st one, a
nmet hod using | aser processing, can be used. A neasuring device such as an
AFM (At omi cpréeesaing MsttrobEin pble 1P prodess theakhtaDhgit fiain the petsideamhtead@e. (US)), for
exanpl e, can be used for neasuring the line density of the texture

striati ons.reddi@ sigR@S HRTRIneCORAN 11 # QNG pfifceds e depid@udRnSighyl fidrethes f ol | ows-
The scan width is 1 pm the scan rate is 1 Hz, the nunber of sanples is

256, and t hgagiRdehéad 14 HOERa to AN, K fhd tié Bea@Ui @kl Ry
s&gnnl ng the probe in the radial direction of the glass substrate which is

(e Sampl . mibreli@do6RiY #8Tcsa iy Bharki01 26ABE pRlertinn@RIbrAARE (AU O

processi ng, ning processing, is carried out with

espec 10 ool KRNl e SO TS O [ URARe
S8, 2 i RR S i R R et 9ot
which has a GMR element using a tunnel magnetoresistance (TMR) effect, and the like,
may be used.
Furthermore, the magnetic recording and reproducing apparatus 12 of the present
invention uses a magnetic recording medium 10, 11, which has a small average
roughness and small micro-waviness. Therefore in addition to the improved
( _ electromagnetic transfer characteristics, the magnetic recording and reproducing
apparatus is one with good error characteristics when the magnetic head is used at a low
floating state in order to decrease spacing loss. According to the above-mentioned
magnetic recording and reproducing apparatus 12, it becomes possible to manufacture a
magnetic recording medium suitable for high recording density.
Next, an explanation is described regarding an example of a manufacturing
method of the magnetic recording medium according to the present invention. For the
nonmagnetic substrate 1, either of the materials indicated in (10), (11) mentioned above

may be used. As one example, a situation where a substrate, in which a 12 pm NiP



cal cul ated by converting the total nunmber of zero crossover points al ong
both the X axis centerline and the Y axis centerline to a 1 nmscal e. That
is to say, the line density is the nunber of peaks and troughs of the
texture striations in the radial direction on a 1 nm scale. Each section in

t he sanpl e _pl | S nmeasured, and the average val ues an @%ﬁ
devi ati ons v@q gl“[r?'?(f%&‘ﬁ’}?asurement val ues thereof, are cal CUPST@I;OZ% ) 1()’aagf:’iverage
val ue WD 2006/ 090508 PCT/ JP2005/ 019956 20 is assigned as the line density

of the striations of the glass substrat§ The nunber of neasurenent points
is determn

oviatton PECoR LT Bepor wLALmrE ehaTaE A i AL BE e o

be 10 points.,6 Furthernore, when the average val ue and standard deviation is
cal cul at ed %% om 8 of these poi nts, excluding the maxi num val ue and the
m ni nrum val ue, abnormal neasurenent val ues can be excluded, and it is

possi bl e to | npFEFE, {FHEITpRRSEFBERMPP ligdioheyfacenliths NiFhplatedl Al sebsirats, A

substrate has been washed, it is installed inside the chanber of a

deposi tion sghatatfemamrwhﬂrlqgloétstei@ltims asflooneditp @ ling dpesity efinetdesstigint 0 400C  as
requi red. The nonmagneti c undercoat |ayer 2, the nonmagnetic internedi ate

| ayer 3, ai00 (lhes/magratthesurfayect the arbstrdtar Fordxanple hetextorenm gppdied o habst rat e
by a sputter method (for exanple a DC or RF magnetron sputtering nethod).

The oper at idivguGfenehitibl difstidroby m¥dtaik pro@saioBo Kok gregechajed] sextuire f or ned by
a sputter nethod, for exanple can be as follows. The sputtering conditions

for form nqar@@@’lng”y hdth aﬁ&apabmsﬁe@raﬁ 8t/ a BB AL Grain fodbrrRXRARE €, can be
set as the follow ng. The chanber 1 nterior used for "deposition is evacuated

until the ‘éﬁﬁkyé‘i‘étr‘?a‘f hs {o% 11 dh{i@tz o?'ﬂ eflthahOAoh gmt\;cﬁn-}%%nt spRUL6E(1Ng 1S

Qerforned by acconmmo atln strate ace a texture

striations &1%5 SR dgg;sexg@h%Cg%gﬁggetap@mg;es%d@g.cgntgmﬁm,gg F?'CFSE) ricity

supplied w t e Su St%’:lté %gg ?E:XRIIC procesléx\nll\/giis performedvgy ro{e'lgng both the substrate and the
feeding of the grinding tape, while a grinding slurry containing the grinding abrasive
grain is supplied between the substrate and the grinding tape, and.

Here, it is possible to make the rotation of the substrate in the range of 200 rpm to

1000 rpm. It is possible to make the feed rate of the grinding slurry in the range of 10
ml/min to 100 mi/min. I is possible to make the grinding tape feed speed in the range of
1.5 mm/min to 150 mm/min. It is possible to make the grain size of the abrasive grain

(: 7': contained in the abrasive slurry 0.05 pm to 0.3 pm at D90 (the grain size value when the
cumulative mass% corresponds to 90 mass%). It is possible to make the pressing force
of the tape 1 kgfto 15 kgf (9.8 N to 147 N (relative pressure)). In order to form the
texture striations to a line density of not less than 7500 (lines/mm) (more preferably not
less than 20000 (lines/mm)), it is desirable to set these conditions. It is desirable for the
surface average roughness Ra of the NiP plated Al substrate with texture striations

formed on its surface, to be in the range of 0.1 nm to 1 nm (1 A to 10 A), or preferably

0.2amto 0.8 nm (2 Ato 8 A).



by adjusting the discharge tine and supplied power, the desired film

t hi ckness can be obtained. Hereunder, one exanple of a fornmation nethod of
the magnetic recording nediumis shown. The nonmagnetic undercoat |ayer of
a thickness of 3 to 15 nmis WD 2006/ 090508 PCT/JP2005/ 019956 21 forned by

using a Sp"l’fﬁg‘f"%@%g&ﬁar get conprising a W alloy, a MV ?J:J{ﬁ%mos%m? Cr

all oy, or on the nonmagnetic substrate. Next, nonnagneti c
internediate | ayer 3 of a thickness of a. to 10 nmis fornmed by using a
sputtering target conprising Ru or rRuct?al | oy. Next, the nmagnetic |ayer 4 of

a thickness of 10 i 4 0Q. [ rget conprising
a CoCrTa all Oy%lg%@%é&%@ép?%é}?E%%é ﬁt@ggg‘ﬁ%@&mﬁ%%@ﬁal | oy, a

CoCr Pt BTa I . a. CoCrPtBCu all a RuTag al |l oy, or the |ike. Next, the
o ot ect 1 ve GsibioRis g Sgeretganan e ey 5 % e ek oty SR n
conventional ly known sputtering nmethod o | asma CVD _nmethod, Next, if
required, tt#‘éé/‘F‘ih‘B‘rf?rE‘&f igg et thy S‘i‘@tr?t&rtf’t’ég%lf S&’“E%WQ‘?]FF‘H&&F‘W‘“R Abwn  spin
met hod or dip nmethod. The above-nentioned nagnetic recording nediumis

fur ni shed the shbstratenliisgieairgble fonthe oeabationggrditigoindeio8itmesmiple B00oy or a MV
alloy. Therefore, the nedium noise can be decreased. FIG 3 shows an
exanpl e of taneshgmetdise methwi ditextura pbcessipgoit| isgiossible prpese atmeghodushang t he
above-nmenti oned nmagnetic recordi ng medium The nagnetic recordi ng and

r epr oduci ngeapeatiitions 42 famedwd d knefdefsiy of aof lossrthal 7500 didelymanYre@rhet i c
recordi ng nmedium 10 of the above-nentioned constitution, a nediumdrive

unit 13 t hahad @k abSe-dehRibBRGBEHah ] tEREMICAHodRGhdBdLRingd RENABikive head 14
that records and reproduces the information in the nagnetic recording

medi um 10, %}aih,e@ﬁe@laéi ¥&n g8 fikedwhei e, éﬁﬁeﬁ‘ﬁn&l\ﬁﬂh%hﬁ@i“ﬁ?&eisﬁﬁg, cAPgNRts caAhead 14
With respect to the magnetic recordi ng medium 10, and a record reproduction

oS0 B OSSR T SRS R oo

system 16 i s st a 1 nput out si and send the
Fecor o 9k o O (03 Bt BT BERSARR o RGO o o7
texture striations.
The measurement conditions of the line density are as follows. The scan width is
1 pm, the scan rate is 1 Hz, the number of samples is 256, and the mode is tapping mode.
An AFM scan image is obtained by scanning the probe in the radial direction of the glass
substrate which is the sample. A Flatten Order is set at theorder of 2, and plane fit auto
processing, which is a type of flattening processing, is carried out with respect to the X
{ axis and Y axis of the scan image to perform the flattening correction on the image.
With respect to a flatten corrected image, a box of approximately 0.5 nmx0.5 pm is set,
and the line density within a region of the box is calculated. The line density is
calculated by converting the total number of zero crossover points along both the X axis
centerline and the Y axis centerline to a 1 mm scale. That is to say, the line density is the
number of peaks and troughs of the texture striations in the radial direction on a 1 mm
scale.

Each section in the sample plane is measured, and the average values and

standard deviations of the measurement values thereof, are calculated. The average value



The magnetic head 14 used in the magnetic recording and reproducing
apparatus 12 of the present invention possesses not only an MR

(magnet or esi stance) el ement WO 2006/ 090508 PCT/JP2005/019956 22 utilizing a
gi ant magnet oresi stance effect (GWR) as the reproduction elenent, but also a
magnetic head nore suitable for high recording density [ b GWR

el enent usWHgf””Gé?g?sﬁ nel magnet oresi stance (TMR) effect ,%Hgﬁoﬁrgﬁ?lﬁke, may be
used. It beconmes possible by using a TMR el enent to further increase the
recording density. Since the above-netfti oned nagnetic recording and

r eproduci ng. a [ 12 J0S. i i t i i Ag medi um 10
using a V\X/%asﬁgria;dg% H% l‘l%}ﬁ\‘}e%ﬁltm%&:éﬁgﬁﬁﬁ%%ﬁghﬁ %srslg?tlg @%’nggégﬁ%gf{;yer 2,

medi um noi se can be decreased. | e Her eu r, specific exanples are
shown to cI“!ff’?“f‘i}“etnﬁ%o%tﬁésr%??Wﬁk%?q@éﬁ@%?mpﬁ” ﬂbdtﬁ%é‘éeﬁ{)geivﬁ EAPY on. [ Exanpl e
1] A nonmegneti ¢ substrate | was, used i.ch has an NIP film (thickness 12
pm for neataaéfﬂﬁqieéfwww@u&é%iﬁq PSR t"[cﬁ%eaé‘HF’P%‘&‘é‘“B‘Pe%Fa*é&gg’taﬂ%{Oe made of
Al (outside dianeter 95 mm inside dianmeter 25 nm thickness 1.270 nm, and
t he surf acée dQpeinige Fuithrmghree wherRhe qrpsagswave prd gandarddeviaipnis galepkatsAni ng
texture processing on the surface thereof. The nonmagnetic substrate 1 was
acconmmodat dgam hofithae phiatsherchalingth©@aximpgmnet vecapd g mingmim yalle\aboerm@ainer va
Corp., C301 0), and after the chanber was evacuated to attain a vacuum

| evel of 2xddQSufenlemnvilBesodi Be bxdPaded, dnkiét ip possibipne timprove thestdagiremdntwas heat ed
to 250C. A nonmagnetic undercoat |ayer 2 was provided on this substrate.

The nonnmagngdieyunder coat |ayer 2 was prepared to have a multilayer
structure, with a second undercoat |ayer (thickness 3 nm conprising a W

o (1 58 S TR g aonl s i iness 2
_ chamber of a deposition chamber. The NiP plated Al substrate is heated to 100 to 400°C
as required. The nonmagnetic undercoat layer 2, the nonmagnetic intermediate layer 3,
and the magnetic layer 4 are formed on the nonmagnetic substrate by a sputter method
(for example a DC or RF magneiron sputter{ng method). The operating conditions for
when the above-mentioned layers are formed by a sputter method, for example can be as
follows.
The sputtering conditions for forming each film on the NiP plated Al substrate,
for example, can be set as the following. The chamber interior used for deposition is
g\ ; evacuated until the vacunm level is'in the range of 10™ Pa to 107 Pa. Sputtering is
performed by accommodating a glass substrate, on which surface a texture striations is
formed, in the chamber interior, and discharging electricity by introducing an Ar gasas a
sputter gas.
At this time, electric power is supplied within a range of 0.2 kW to 2.0 kW, and
by adjusting the discharge time and supplied power, the desired film thickness can be
obtained.

Hereunder, one example of a formation method of the magpetic recording

medium is shown. The nonmagnetic undercoat layer of a thickness of 3 to 15 nm is



Subsequently, a nonmagnetic internmedi ate |layer 3 (thickness 4 nm conprising
an RuCr alloy (Ru: 80 at% Cr: 20 at% was forned. Subsequently, a nmagnetic
| ayer 4 consisting of two nagnetic |ayers was provided. A first magnetic

| ayer (thickness 10 run) conprising a CoCrPtB alloy (Co: 60 at% Cr: 25

at% Pt: 14 at% B: 6 at% was forned. Then, on top of t [ IS yer, a
second nagn"g&iz‘(':"m?%%r (thickness 10 nm conprising a ngﬁﬂ%@%ﬁa?%g (Co: 60

at% Cr: 10 at% Pt: 15 at% B: 15 at% was fornmed. Wen form ng each of
t he above-nentioned | ayers, Ar was use las the sputter gas, and the

pressure there f- (0B P | Ve rotective
Paver 5 (1 nooRALt b e el HBhling S0 ity s MORSHE Ebpecdell °,

| ubri cati ng ‘Iéa]}/er 6..(thi ckneﬁs Uﬁ){;?r% was formed by spreading a | ubricant
conpri si ng TP Fien 87 B HPYBRAREHC SPSYHE surface of the protective layer 5, and

the magnetic recording nedium.10 s optained. .Thereafter, a glide test was
per f or ned usi ng e"él'ﬂ?ﬂ’é"%’f“é&“aﬁﬂ“ Iatelayerd (fl‘iﬂf‘lf:g‘?Fﬁ%tIlWelpéﬁn?ﬁ%ﬁ‘é‘ﬂ‘eflo be a
glide height of 0.4 pinch. Sanples, which have passed the glide test, were
used for exEhisHERSPERINREHErIEomPHSHE daar &4 Cpaliavo Nexhdke myensialayerdt ofy

read/ wite analyzer RM 1632 (product of GJZIK Co. (US)). For the record

r epr oduct i omthigksess of bitecdd) nre isdfotmeshipgisegiacspuitamg tagetchmprghea Cotiles such as
t he reproduction signal output (TAA), the half-width (PWO0) of the solitary
wave repr odalbiyl #Go0tht plidy, atte€rBiiRalloyadoCiiBaliey,wr Ci@P(ERallegrae neasur ed.

For eval uation of the record reproduction performance, a conplex thin-film

nmagneti ¢ r ecoCitBOu BeRda CORUTHaINADoAth@ iR NSRIRSrofectiVelajed ST a eniCiavR)
elenent in its reproduction section, was used. e noi se was neasured as

the integrabs NEi S&n id Bk M‘Ecoh@erﬁi%ﬁali&ﬁ&bwﬁ%ﬁﬁéﬁhgHIeﬂfoH%ﬂHﬁElﬁX cwiren a 500
KFCl pattern signal was witten. The reproduction output was neasured at 250

L, e N B Sl R RS L 012
000 R TEMIRIE e S SOFAP AR EF BRE 1

property furnished with a nonmagnetic undercoat layer comprising a WV alloy or a MoV alloy.

Therefore, the median noise can be decreased.

FIG. 3 shows an example of a magnetic recording and reproducing apparatus
using the above-mentioned magnetic recording medium. The magnetic recording and
reproducing apparatus 12 shown in FIG.3 is furnished with a magnetic recording medium
10 of the above-mentioned constitution, a medium drive unit 13 that rotates the magnetic

g recording medium 10, a2 magnetic head 14 that records and reproduces the information in
the magnetic recording medium ; 0, a head drive unit 15 that relatively moves the
magnetic head 14 with respect to the magnetic recording medium 10, and a record
reproduction signal processing system 16. The record reproduction signal processing
system 16 is able to process the data input from the outside and send the record signal to
the magnetic head 14, and process the reproduction signal from the magnetic head 14
and send the data to the outside.

The magnetic head 14 used in the magnetic recording and reproducing apparatas

12 of the present invention possesses not only an MR (magnetoresistance) element



measur enent devi ce (ROL900, product of Hitachi Electrical Engineering Co.
(Japan)) was used. For the neasurenent of the magnetization orientation

| ayer (OR) and the nmgnetization orientation |ayer of the residual

magneti zati on anount (MtOR), a VSM (BHV-35, product of Ri ken Electrical

Co. (Japan)y, [ Exanples 2 to 291 Apart from usi oy of a
corrp05|t|on a y‘%ﬁgthl ckness as shown in Table 1 inst@@g@f}% %
conposition and f| | mt hi ckness of the x N all oy, which is the second
nonmagneti ¢ undercoat |ayer 2, the nmag &tic recordi ng nmedi um was made in the
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& rN RI ﬁ RI tﬁfhet{pr%ea@mgﬁ@u%% ﬁ;rlﬂxglﬁ ki:o[?dn]i% I%%‘llt%pr.{?h lh%.ézpﬁik/ﬂi/ elgﬁghtmsxgga a) Cy m
G ot o “fe’écgme%flmfﬂrﬁl%we Rpdryoee] %%‘iﬁeﬁﬁm@ “ﬁﬁ%ﬁ&%&&é& =

CO yvCOCCMI5 OCO. QQ N N M. In NleNhll\lNNr 7 1ti to ] nr con
n~mnmm=-M m M n(b‘-ht;cqrv,esmowwmuwn&ﬁm glgment/ia er@f:r?@gﬂe%wr '@sou | (Oni cm
<c <n - - ~ roOoror roo0000OOTrroroo

O~ Z Oss@?ﬂsﬁﬁi O~{ m(r~ Na~ ymm~T NmmNa~ NN aCG~ ~~{{ NNR {{~~
N
Since the above-mentioned magnetic recording and reproducing apparatus 12 is
provided with the magnetic recording medium 10 using a WV alloy or 2 MoV alloy in

the nonmagnetic undercoat layer 2, medium noise can be decreased.

[Examples}

Hereunder, specific examples are shown to clarify the operational effects of the
present invention.

[Example 1]

A nonmagnetic substrate 1 was used which has an NiP film (thickness 12 pm)
formed by electroless deposition on the surface of a substrate made of Al (outside
diameter 95 mm, inside diameter 25 mm, thickness 1.270 mm), and the surface average

( - roughness Ra was made to be 0.5 nm by performing texture processing on the surface
thereof. The nonmagnetic substrate 1 was accommodated in the chamber of a DC
magnetron sputtering device (Anerva Corp., C3010), and after the chamber was
evacuated to attain a vacuum level of 2x10” Torr (2.7x10° Pa), the nonmagnetic
substrate 1 was heated to 250°C. A nonmagnetic undercoat layer 2 was provided on this
substrate. The nonmagnetic undercoat layer 2 was prepared to have a multilayer
structure, with a second undercoat layer (thickness 3 nm) comprising a WV alloy (W: 80

at%, V: 20 at%) on a first undercoat layer (thickness 2 nm) comprising Cr.
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Subsequently, a magnetic layer 4 consisting of two magnetic layers was provided.
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A first magnetic layer (thickness 10 nm) comprising a CoCrPtB alloy (Co: 60 at%, Cr: 25
at%, Pt: 14 at%, B: 6 at%) was formed. Then, on top of the first layer, a second magnetic
layer (thickness 10 nm) comprising a CoCrPtB alloy (Co: 60 at%, Cr: 10 at%, Pt: 15 at%,
B: 15 at%) was formed.

( ¥ When forming each of the above-mentioned layers, Ar was used as the sputter gas,
and the pressure thereof was made to be 6 mTorr (0.8 Pa). Subsequently, a protective
layer 5 (thickness 3 nm) comprising carbon was formed by CVD. Then, a lubricating
layer 6 (thickness 2 nm) was formed by spreading a lubricant comprising
perfluoropolyether on the surface of the protective layer 5, and the magnetic recording
medium 10 was obtained.

Thereafter, a glide test was performed using a glide tester and a test condition is
determined to be a glide height of 0.4 pinch. Samples, which have passed the glide test,
were used for examining the record reproduction performance by means of a read/write

{ | analyzer RWA 1632 (product of GUZIK Co. (US)). For the record reproduction
performance, electromagnetic transfer characteristics such as the reproduction signal
output (TAA), the half-width (PW50) of the solitary wave reproduction output, the SNR,
and the overwrite (OW) were measured. For evaluation of the record reproduction
performance, a complex thin-film magnetic recording head, which had a giant magnetic
resistance (GMR) element in its reproduction section, was used. The noise was
measured as the integral noise from 1 MHz to 375 kFCI equivalent frequency when a
500 kFCI pattern signal was written. The reproduction output was measured at 250 kFCI,

and was calculated as SNR =20 x Jog (reproduction output/integral noise from 1 MHz to
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PCTI JP2005/ [ Conparative Exanpl es 1-8] Apart an all oy
conpositions and thickness as shown in Table 2 instead of the conposition
and filmthickness of the V W alloy, #hich is the second nonmagnetic

under coat —_ i egor.din i U s _nade in way as
for Exanpl é%%.ﬁﬁ(fl&?%zﬁ%g?ﬁ%@e%én&re@e @fg'?gfe %{;??f‘t'@ & c'ﬂesﬁoﬁcﬁ t(g?? %ﬁ Irhgey of a
composi ti O?ec?a%g&lggmatlig (S-Eibak%le%tra-gggi%?ﬁegfeféaetype magnetic property

measurement device (RO1900, product of Hitachi Electrical Engineering Co. (Japan))

was used. For the measurement of the magnetization orientation layer (OR) and the

magnetization orientation layer of the residual magnetization amount (MrtOR), a VSM

(BHV-35, product of Riken Electrical Co. (Japan)) was used.

[Examples 2 to 29]

Apart from using an alloy of a composition and film thickness as shown in Table
1 instead of the composition and film thickness of the WV alloy, which is the second
nonmagnetic undercoat layer 2, the magnetic recording medium was made in the same
way as for Exampile 1.

In the table, 1Oe is approximately 79 A/m.
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8 [Exanple 30] A nonmagnetic substPrCérf"gz‘TSI\?\ﬁ’gSGused,

wherein an NNP film (thickness 12 m was formed by el ectrol ess deposition
on the surface of a substrate made of 2l (outside diameter 95 nm i nside

di anet er
was nmade to be

25 t hi ckne 1. 27 , and the surface average roughness Ra
BRIGEEE R ik

ng texture processing on the surface

Apart from using an alloy compositions and thickness as shown in Table 2
instead of the composition and film thickness of the WV alloy, which is the second
nonmagnetic undercoat layer, the magnetic recording medium was made in the same way

as for Example 1.

{Comparative Examples 9-10]

Apart from using an alloy of a composition as shown in Table 2 instead of the
composition and film thickness of the WV alloy, which is the second configurational
layer in the nonmagnetic undercoat layer, and a CoCrTa alloy (Co: 70 at%, Cr: 28 at%,
Ta: 2 at%) instead of an RuCr alloy as the nonmagnetic intermediate layer, the magnetic

recording medium was made in the same way as for Example 1.



t hereof . The nonmagnetic substrate 1 was accommobdated in the chanber of a DC
magnetron sputter device (Aneruva Corp., C3010), and after the chanber was
evacuated to a vacuum attainnment |evel of 2x 10-7 Torr (2.7x 10"' Pa), the
nonmagneti c substrate I was heated to 250C. A nonmagnetic undercoat |ayer 2
was provided on this substrate. The nonmagnetic underco er S nmade
to have a wﬁ‘fq}"f’?s{g;’@?(]sstructure, wth a second configuraﬁé'ghﬂ?{(ﬁ'ﬁpéésy\a
(thickness 3 nnm) conprising a W alloy (W 80 at% V: 20 at% on a first
configuration |ayer (thickness 2 nn) coaprising C. Next, a stabilizing
| ayer 7 (thh_galgpe:ﬁs 3 nm) conprising a CoCrPtTa alloy (Co: 67 at% Cr: 20

Pt :

at'/o, % Ta: 3 at%) was formed. Next, a non-magnetic coupling
| ayer 8 (thickness 0.8 nm) conprising R4 was—fornpd.— Next, a nmagnetic |ayer
4 was provifed.ZA8firsk @rf@du@a;ﬁoﬁ%%@r BthEki@®gs 10 nm conprising a
CoCr Pt B al | py—Lo—60-at —Gr—125-1-at fo—Pi—34-pf04-—B1 6 at% was forned.
Then, on top of2tdis,| & $@qri@ cenf RJuEdYidn S a% i’:hickness 10 nm)
conpri sing pCderbt B aft oy° ¢(B:} Kol & ™ ¢ 1T 4 - 15 at% B: 15 at%
was formed. | Whes d or nj iy | €a4iEiof St hE alo e%;regt gnedsllayers, Ar was used as
the sputter lgas—and }-Re. 854 E.qu_ﬁ ge tHibe 6 nTorr (0.8 Pa).
Next, a protecEiye |pfet B |(Bh Skpess B [m8)] Bopm® | $£1)g carbon was forned by
CVD. Next, a—+upFiecatihn ""cy‘g# 5 ht-€kiesg—Z—#gs forned by spreading
a |lubricant com%i sing® [)@Eflgoirﬁjoagl a@wrﬁcngt he :;@face of the protective
layer 5, ang—the—megnetit recorpding—fediumti wastobtiai ned. WO 2006/ 090508
PCT/ JP2005/ p19958 29| § Exanpres B 4BE Agarlt & | @ iBilng an al loy of a
conposi ti onfas-shown Tabte 3T nptead gf—tjhe T gition and film
t hickness of tt%g_wv agqx‘b whikh | s, the |sgcond| pomnagneti c undercoat |ayer
2¢ the magneti czrgcorf gg@wso@un@l S nede &) ol EXanple 30. t_ WO
2006/ 090508 PCT%JPZOOS/O-.9956 30 { [ Tabl ¢ 3]
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formed by electroless deposition on the surface of a substrate made of Al (outside

diameter 95 mm, inside diameter 25 mm, thickness 1.270 mm), and the surface average

roughness Ra was made to be 0.5 nm by performing texture processing on the surface

thereof. The nonmagnetic substrate 1 was accommodated in the chamber of a DC

magnetron sputter device (Aneruva Corp., C3010), and after the chamber was evacuated

( { to a vacuum attainment Ievel of 2x107 Torr (2.7x107 Pa), the nonmagnetic substrate 1

was heated to 250°C. A nonmagnetic undercoat layer 2 was provided on this substrate.

The nonmagnetic undercoat layer 2 was made to have a multilayer structure, with a

second configuration layer (thickness 3 nm) comprising a WV alloy (W: 80 at%, V: 20

at%) on a first configuration layer (thickness 2 nm) comprising Cr. Next, a stabilizing

layer 7 (thickness 3 nm) comprising a CoCrPtTa alloy (Co: 67 at%, Cr: 20 at%, Pt: 10

at%, Ta: 3 at%,) was formed. Next, a non-magnetic coupling layer 8 (thickness 0.8 nm)

comprising Ru was formed. Next, a magnetic layer 4 was provided. A first

configuration layer (thickness 10 nn) comprising a CoCrPtB alloy (Co: 60 at%, Cr: 25

{ { at%, Pt: 14 at%, B: 6 at%) was formed. Then, on top of this, a second configuration

layer (thickness 10 nm) comprising a CoCrPtB alloy (Co: 60 at%, Cr: 10 at%, Pt: 15 at%,
B: 15 at%) was formed. When forming each of the above-mentioned layers, Ar was used
as the sputter gas, and the pressure thereof was made to be 6 mTorr (0.8 Pa). Next, a
protective layer 5 (thickness 3 nm) comprising carbon was formed by CVD. Next, a
lubricating layer 6 (thickness 2 nm) was formed by spreading a lubricant comprising
perfluoropolyether on the surface of the protective layer 5, and the magnetic recording

medium 11 was obtained.
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Apart from using an alloy of a composition as shown in Table 3 instead of the
composition and film thickness of the WV alloy, which is the second nonmagnetic

undercoat layer 2, the magnetic recording medium 11 was made as for Example 30.
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WO 2006/ 090508 PCT/ JP2005/ 019956 32 nonmagneti c undercoat | ayer 2 was nade
to have a nultilayer structure, with a second configuration |ayer
(thickness 3 nn) conprising a W alloy (W 80 at% V: 20 at% on a first
configuration |ayer (thickness 2 nn) conprising C. Next a nonmagnetic
internediate | ayer 3 (thickness 4 m) conprising an RuCr_allo Ru: 80 at%
Cr: 20 at%wwg“mg@ﬁmd. Next, a magnetic |ayer 4 was prP i"ﬁé@?’gﬁg?ﬁl rst
configuration |ayer (thickness 10 nn) conprising a CoCrPtB alloy (Co: 60
at% Cr: 25 at% Pt: 14 at% B: 6 at%3lwas then forned. Then, on top of
this, a second nfiquration |ayer (thickness 10 run) conprising a CoCrPtB
alloy (Co: 60 atc[ﬁBfnp%Pt.w ag’tphx%s)ig’[].zg 15 at% B: 15 at% was formed. Wen
form ng each of the above-nentjoned |ayers, Ar. was used as the sputter gas,
and the pressur e’RHSFEB PSR ﬂl&’ﬁ@fﬁéo@@sﬁl%?éﬁhowpgaﬂéﬁ1“?*@&0,”25? protective
| ayer 5 (thickness 3 nm conprising carbon was formed by CVD. Next, a

| ubri cat i ngednappeition and filp thiclkeess oDthe (WY alieps whinhriethelsgcosp neragngtian | ubri cant
conpri sing perfluoropolyether on the surface of the protective |layer 5, and
t he magnet i endesoatrlajenghemagnaetiv f@ondag odban masmadd ExXboplhesval>s3d Apart from
using an alloy of a conposition and filmthickness as shown in Table 4

i nstead of Ek#npglosmosition and filmthickness of the W alloy, which is'the
second configurational layer in the nonnmagnetic undercoat |ayer 2, the
magnetic recording nedium 10 was nmade as for Exanple 44. WD 2006/ 090508
PCT/ JP2005/ 019956 33 [Table 4] a° ~~- OmO mC "'mWoi OONC (O('! O

N ap) O c5 0O %‘, 3 OT & tC) CGW SAtO(0(0OC N C
tot() CC((pp(%%fn t"’%?e@z lesuqf,3 VNNNNNNNNG NNNNNCO'~am

mﬂm mma0 m(0 quzg‘to froonq useuolg aonoalmyooq agc?m%sit%% as shown in Table 3 instead of the

composition and film thickness of the WV alloy, which is the second configurational
layer in the nonmagnetic undercoat layer, and a CoCrTa alloy (Co: 77 at%, Cr: 20 at%,
Ta: 3 at%) instead of a CoCrPtTa alloy as the stabilizing layer, the magnetic recording

medium 11 was made in the same way as for Example 30.

{Example 44]

A nonmagnetic substrate 1, where texture processing was performed on a glass
substrate (outside diameter 65 mm, inside diameter 20 mm, thickness 0.635 mm) to make

g the surface average roughness Ra 0.3 nm, was used. The nonmagnetic subsirate 1 was

accommodated in the chamber of a DC magnetron sputter device (Aneruva Corp.,
C3010), and after the chamber was evacuated fo a vacuum attainment level of 2x10”
Torr (2.7x107 Pa), the nonmagnetic substrate 1 was heated to 250°C. After an
orientation adjustment layer (thickness 5 nm) comprising a CoW alloy (Co: 50at%, W:
50at%) was formed on this substrate, this was heated to 250°C.

Next, the surface of the orientation adjustment layer was exposed to oxygen gas.
The pressure of the oxygen gas was made to be 0.05 Pa, and the process time was made

to be 5 seconds. The nonmagnetic undercoat layer 2 was provided on this substrate. The
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intermediate layer 3 (thickness 4 nm) comprising an RuCr alloy (Ru: 80 at%, Cr: 20 at%)
was formed. Next, a magnetic layer 4 was provided. A first configuration layer
(thickness 10 nm) comprising a éoCrPtB alloy (Co: 60 at%, Cr: 25 at%, Pt: 14 at%, B: 6
at%) was then formed. Then, on top of this, a second configuration layer (thickness 10
nm) comprising a CoCrPtB alloy (Co: 60 at%, Cr: 10 at%, Pt: 15 at%, B: 15 at%) was
formed.

‘When forming each of the above-mentioned layers, Ar was used as the sputter gas,
and the pressure thereof was made to be 6 mTorr (0.8 Pa). Next, a protective layer 5
(thickness 3 nm) comprising carbon was formed by CVD. Next, a lubricating layer 6
(thickness 2 nm) was formed by spreading a lubricant comprising perfluoropolyether on

the surface of the protective layer 5, and the magnetic recording medium 10 was obtained.

[Examples 45-57]
3 Apart from using an alloy of a composition and film thickness as shown in Table
4 instead of the composition and film thickness of the WV alloy, which is'the second
configurational layer in the nonmagnetic undercoat layer 2, the magnetic recording

medium 10 was made as for Example 44.
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WD 20061090508 PCT/ JP2005/ 019956 34 [Conparative Exanples 15-16] Apart
fromusing an alloy of a conposition and filmthickness as shown in Table 4
i nstead of the conposition and filmthickness of the W alloy, which is the
second nonmagnetic undercoat |ayer, the magnetic recordi ng nmedi um was nade
as for Exanple 4 Conpar ati ve Exanples 17-18] Apart f A ' n all oy
of a comogﬁpizg'f?loggsnéhovm in Table 4 instead of the corﬁr)oél |%ﬁﬁ83%d film

t hi ckness of the WV alloy, which is the second configurational [|ayer in

t he nonmagneti c undercoat |ayer, and a ¥oorTa all oy (Co: 70 at% Cr: 28 at%
Ta: 2 at% inst f Cr . all.oy,as the nonmagnetic internediate |ayer,
the magnetic r %gfn ?rﬁgoen;&aﬁmf%%v%g% de as for Exanple 29. The results of

coercive force ( rectan arity ratio etj.zation orientation |ayer
(OR), magnet i zat’f‘_b?j%‘?Y f6?’f‘8ﬁf‘§f“? %\ y quﬁg?’pqun(@qﬂ‘fn df“ P Sﬁﬁ‘?ﬂ mrr'g%’?ueeti zati on
anount, and the el ectromagnetic _transfer aracteristi.cs, of Enbodi nents
lto 57 and ‘€B¥isad af the somposifisnead ﬁ{’Bt @‘,"eﬁr"g%&f’n@&rﬁ}i"ﬁ’ whighhisdheisepndrap e 4. 1t
can be seen from Exanples 1 to 29 and the conparisons with the conparative
exanpl es, theamagheiioandergpatdaysr, theaagpetig reagrdipg gnedivye wey edess| fey/Bxample W VAI B
alloys, the MV alloys, the MoVAl all oys, the MoVB all oys, and the MVAIB
al | oys showddsuperior characteristics. In areas where the W alloy film

thi ckness is thin, a sufficient coercive force is not obtained, and the
characteristics deteriorate as in Conparative Exanple 1. It can be seen
that in areas where the W alloy filmthickness is thick, a coercive force

greater than th (Q%ﬂjmtie@]gkﬁn bipl.nyd, but the grain size is increased,
decreasing the (;H\IR as in Con%aratir%e Exanple 2. It can be seen that in

areas where the . Y . i : t he
exanpl es is obt a%(%%‘g?&%&t%m? )Fslggggg?fr?%g{@gﬁ?g&ﬁsg%gg{erga,rbqﬁ)ﬁg%g%?%g%508

PCT/ JP2005/ OJO98ion 4Ra A HASHAG WAV INToPSwiith FHPALAN ARsfHATLES 3 and 4.

It can be see In a

layer in the nonmagnetic undercoat layer, and a CoCrTa alloy (Co: 70 at%, Cr: 28 at%,
Ta:- 2 at%) instead of an RuCr alloy as the nonmagnetic intermediate layer, the magnetic
recording medium was made as for Example 29. The results of coercive force (Hc),
rectangularity ratio, magnetization orientation layer {OR), magnetization orientation
layer (MrtOR) of the residual magnetization amount, and the electromagnetic transfer
characteristics, of Embodiments 1 to 57 and Comparative Examples 1 to 18, are shown in
Table 1 to Table 4.

g It can be seen from Examples 1 to 29 and the comparisons with the comparative
examples, that the WV alloys, the WV Al alloys, the WVB alloys, the WVAIB alloys, the
MoV alloys, the MoV Al alloys, the MoVB alloys, and the MoVAIB alloys show superior
characteristics. In areas where the WV alloy film thickness is thin, a sufficient coercive
force is not obtained, and the characteristics deteriorate as in Comparative Example 1. It
can be seen that in areas where the WV alloy film thickness is thick, a coercive force
greater than the examples is obtained, but the grain size is increased, decreasing the SNR
as in Comparative Example 2. It can be seen that in areas where the V content exceeds

50%, a coercive force equal to the examples is obtained, but the grain size is increased,



where single nmetals of Wand Mo are used, a coercive force and a square
shape is not obtained, and the SNR deteriorates as in Conparative Exanpl es
5 and 6. Conparative Exanples 7 and 8 are cases where CrM alloys and CrMoB
al l oys, which are generally used in nmagnetic recordi ng nedi uns, have been
used. However the |attice constants of CrM alloys and %&ﬁgﬁﬁﬁkbg S are
smal | compal@3"6@ AL W/ all oy and MoV all oy, and hencé al | oy does
not sufficiently epitaxially growin the (110) direction. Therefore, as a
result, the characteristics are considetably deteriorated. In a case where a

Cr I I d Cr I 9 d
10Nb aa Cgé gregflfl%@} S‘ﬂ%%sxlgr a{),ﬂh')sa:ea wcg I’Igsvxbnandrh qug?l%r %eeinﬁﬁat Qngs es an

y use wever, even case, it can be

seen that coppared to th X Ies the SNR is inferior 30to 43
Ao cases VHERE BTy S MADANRE J3: 3 G4 Isoagfsan a\mf%%??@

al | oys, NbVAI alloys, MVB alloys, and MbVALB aI s have Dbeen applled to
ACE medi unsobtrined apd the SSEcdelaripagtes 33 1n Cpmpaalie Ex s2ra8d §u SEPPERIYS t he
conparati ve exanpl es. Conparative les 11 and 12 are_cases where Cr M
al | oys andExmpes Ganddare caghs wherarC@MggBeYSaﬁnﬂﬁrN@Bohllpw, whitphers genewallyr di ng
medi uns, have been used. However the lattice constants of CrM alloys and
O MbB al | oy ssed e magrakit reconiigpamediume, hivhebediusddl dlovaner thvoMttgk canstangsvd hence
the CoCrPtTa alloy does not sufficiently epitaxially growin the (110)
direction. Chdsall®fseind @sMaBrafisy dre shdlbcongpasddas tierWitadlles ast BloValisy cdadabl y
deteriorated. In a case where a M alloy and CMoB alloy is used, as

shown i n CoRRRE ael RifCr BYGYROR Dol shfAAshty ApitdiNyQ@rdwR idhk PMO) 8ir&t@iBRr 2l |y used.
However, even in this case, it can be seen that conpared to the exanples,

the SAR 'SThé}fsf%Eé anrc@ﬁ@rfﬁu a%f’engt&s §[7e &aﬁd&aﬁﬁgetwgledv%@éakewﬁcmWA'
atl oys, WB all oy al | oys, al I oys VAl alloys, MVB alloys,

and WoVALE ol oug. oy %rIGI%BnggS{:Q%{%ﬁO% &I@P@&Qﬂ%@ﬁgg&gngﬁgg hggfo,appl 1 od to

medi uns whi ch use —a g ass su € no can

i e PR 5 B - T B R
alloys, whi (t:ohthe examples, the SNR is inferior.
Examples 30 to 43 are cases where WV alloys, WVAI alloys, WVB alloys,
WVAIB alloys, MoV alloys, MoVAl alloys, MoVB alloys, and MoV AIB alloys have
been applied to ACF mediums. It can be seen that in all cases, they are superior to the
comparative examples. Comparative Examples 11 and 12 are cases where CrMo alloys
and CrtMoB alloys, which are generally used in magnetic recording mediums, have been
{ & | used. However the lattice constants of CtMo alloys and CrMoB alloys are small
compared to the WV alloy and MoV alloy, and hence the CoCrPtTa alloy does not
sufficiently epitaxially grow in the (110) direction. Therefore, as a result, the
characteristics are considerably deteriorated. In a case where a CrMo alloy and CrMoB
alloy is used, as shown in Comparative Examples 13 and 14, a CoCrTa alloy is generally
used. However, even in this case, it can be seen that compared to the examples, the SNR.
is inferior.
Examples 44 to 57 are cases where WV alloys, WV Al alloys, WVB alloys,

WVAIB alloys, MoV alloys, MoVAl alloys, MoVB alloys, and MoV AIB alloys have



generally used in magnetic recordi ng nedi uns, have been used. However the

| attice constants of CrM alloys and CrMoB all oys are snmall conpared to the
W/ all oy and MV alloy, and hence the RuCr all oy does not sufficiently
epitaxially growin the (110) direction. Therefore, as a result, the
characteri sgj € onsiderably deteriorated. In a cas Mo al | oy
and Cr MbB aﬂoozémf}iggﬁlged, as shown in Conparative Exanpl eﬁc%?ﬁogﬁgw%, a
CoCrTa alloy is generally used. I—iowever3,6 even in this case, it can be seen
that conpared to the exanples, the SNR™"s inferior. | NDUSTRI AL APPLI CABILITY
The magnet iged SMedtdGediBall Wil husd DElad 868k e AbLAIEERIRbEAS Rt | east a

nonrragneti c undercoat | ayer, a nonnagnetic I nter medl at'e ayer or a

stabilizin g i i I ich are
i nat od A P flen gth A e BOEY bfe SASE 1o ALl il et PO
one of the Jayers .of nonmagnet | under co by a W/ type alloy or
a MV type gﬁﬁ“ﬁ@?ﬁr@@é ?g?reﬁ%egi%ﬁ’ﬁ?(tcr OrBSIg%%r‘da(?fg%[o%?eﬁ%i‘gﬁc}fggul ts in

obtai ning the netic recording_ nmediymsuyitaple for high recording
density. Bﬂenéﬁnﬁxgﬂﬁ.d in magnetig aerofding ‘PE‘%B‘P&%&&G s éﬂﬂﬂﬁ”f”s‘?’ﬁ%‘“&?@ | east a
nonmagneti ¢ undercoat |ayer, a nonmagnetic internediate |ayer, a nagnetic

| ayer, and @nppes eceNeallapanrd CaYpB plleysare smali qompareditpnths W¥ sliPnagndor der on a
nonmagneti c substrate, wherein at |east one |ayer of said nonmagnetic

under coat |Myp¥ralloy, and hemd the/ReCiilloy dbdsowt sufficiemty\tpithtialy, grawdn thiedi H)n t he W
alloy or the MoV alloy has a crystalline orientation. 2. A magnetic

recor di ng nadithction. CThepsfng| #5a rasull, dasharactérislicnge ebnsidetibticdtaniatédian, a
stabilizing | ayer, a nonmagnetic internediate |layer, a magnetic |layer, and a

protective cds@yhére aaliVBALIRG ahd CAEER ALdYNG usddd Y shetimdn OOMPREMRIE@npWRSt r at e,
wherein said stabilizing layer is antiferronmagnetically bonded to said

magnetic | gygly 1800808iTd AR s SRElIANEH. Aons®:deRAMRGNSL & cHgesepat | ayer
is formed by a W/ alloy or"a MV alloy, and

that compared to the examples, the SNR 1s inferior.

INDUSTRIAL APPLICABILITY
The magnetic recording medium of the present invention comprises at least a
nonmagnetic undercoat layer, a nonmagnetic intermediate layer or a stabilizing layer, and
a magnetic layer, and a protective layer, which are laminated in this order on a
nonmagnetic substrate. Provision of at least one of the layers of the nonmagnetic
( undercoat layer by a WV type alloy or a MoV type alioy makes it possible to reduce
noise, which results in obtaining the magnetic recording medium suitable for high

recording density.



wherein the W/ alloy or the MoV alloy has a crystalline orientation. 3. A
magneti c recordi ng nmedium according to either one of claiml and claim 2,
wherein the WV alloy utilized in said nonmagneti c undercoat |ayer has a W
content of 50 to 99 at% and a V content of 1 to 50 at% 4. A mmgnetic
recordi ng nmedi um according to either one of claiml and claim2, wherein
the MoV alloy utilized in said nonmagi@étic undercoat |ayer has a M content
of 50 to 99 at% and a V content of 1 to 50 at% 5. A magnetic recording
medi um according to any one of claiml through claim4, wherein said
nonmagnet g sAipker medi ate | ayer conprises at |east one type selected from
the group consisting of a CoCr alloy, a CoCrPt alloy, Ru, a Ru alloy, Re,
and a Re alloy. 6. A magnetic recording nedium according to any one of
claiml tgr ough cl aim 4, dwher eji.n said.non- aggeti C coupl i n%ﬁcl ayer conprises
at |east dne t4FREBPICHEImES %C%%p“ﬂ?%ﬂgg AP ERNG O RIECTRAY ar, O,
Re, Ru al h@¥ynmdZAedd in@¥mediatedhyed)s mbgnedd |:Q¥r, adDslpidtec@il Ryer, whil@ s d _
non-magneti ¢ coupling |ayer has a thickness of 8.5 to 1.5 nm 7. A magnetic
r ecor di nglamsertesinasecodiig wider en amgnipagnedt sehsiptd 1 t hrough claim 4, wherein

sai d nonmagnet | ¢ |0t i I t sel ected
from the gr ou%ﬁ%%lﬁsal?ge{g?t %ﬁgg%egg@gwggf‘%ﬂmg&&%dﬁgﬁa ﬁogggd@%:o al | oy,

a CoCrRu alidyoyr,a MoV @ti&y,Rhdr all oy, a CoCrPtTa alloy, a CoPtRu alloy, and a
CoCrPtRu alloy.  8.. etic recordj di um agcordi ng.to any one of claim
1 through cl ai Yheremnt phEYsoy; the Wg(nﬂ%a@g?%cm@@we&&?n Ur has a

mul tilayer structure containing a layer mnade of G or a C alloy containing
Cr and at |east one type selected fromthe group consisting of Ti, M, A,
Ta, W Ni 2. B, Simaghbticaredordingametlium camprisinmatdeast 2 aonmagngti¢ oydengoat layswbV al | oy.

9. A magnetj c.recording nmedium according, to any one.of claim1 through claim
5. ot of REBUFHE Tighaderteaipls T EHdOay e, F RreRR Bles R Rotifect ad from
t he gr ouplayeoasmiitddig afkendingofded an ahb@iagnetiCabeititda al l oy, a CoCrPtB all oy,
and a CoCrPtBM (where Mis one or, nore elenents selected fromTa , Cu, and

Ag) alloy. 10. wherriagnidistadilizpplenrigantdememisaetenlyibepdedgo st meagaetid claim 1
through c Ha‘%Md at least one layer of said nonmagnetic undercoat layer is formed by a WV alloy
or a MoV alloy, and

wherein the WV alloy or the MoV alloy has a crystalline orientation.

3. A magnetic recording medium according to either one of claim 1 and claim 2,
wherein the WV alloy utilized in said nonmagnetic undercoat layer has a W content of 50

to 99 at%, and a V content of 1 to 50 at%.

4. A magnetic recording medium according to either one of claim 1 and claim 2,
wherein the MoV alloy utilized in said nonmagnetic undercoat layer has a Mo content of

50 to 99 at%, and a V content of 1 to 50 at%.

5. A magnetic recording medium according to any one of claim 1 through claim 4,
wherein said nonmagnetic intermediate layer comprises at least one type selected from

the group consisting of a CoCr alloy, a CoCrPt alloy, Ru, a Ru alloy, Re, and a Re alloy.

6. A magnetic recording medium according to any one of claim 1 through claim 4,

wherein said non-magnetic coupling layer comprises at least one type elected from the



wherein said nonmagnetic substrate is a glass substrate or a silicon
substrate. 11. A nmagnetic recording nmedi umaccording to any one of claiml
through claim9, wherein said nonnagnetic substrate is one where a film
conprising NP or a NP alloy has been forned on the surface of a substrate
.made of one type selected fromthe gr gp consisting of Al, A alloy, glass,
and silicon. 12. A nethod of producing a magnetic recordi ng nmedi um havi ng at
| east a nonmagnetic undercoat |ayer, a nonmagnetic internedi ate |ayer, a
magnetic |layer, and a protective layer lamnated in this order on a
nonnmagnet groustdisistiag 6f RMTH, &, OrRe, Raasiby, ®iealldvalredioofCrsdlod, dhdrReglost i C
undercoat |layer is fornmed by a W alloy or a MV alloy, and 39 wherein the
W al | oy 8 spideoptnagietiogoupkiag &Y@Tr%taé%lck‘ﬁés or-2# k6Bh. 13. A method of
produci ng a magnetic recordi ng nmedium having at |east a nonnagnetic
undercoat |ayer, a stabilizing layer, a non-magnetic coupling |ayer, a
magnet i ¢ 7.ayerA nagdeta rpeaiing medéinh agcerdihgitvi angtoad of ¢lainhi shroughenlaiont, a
nonmagneti ¢ substrate, where sai t ahi Li zi | ayer is

ot T or  onEgRBeRUaPn e due it P h et PugBIFSS o ey lsed iomse one

| ayer of @aisfbupQBARANGLIfe CHIFRF ARA! a LAYETa dIRyCOORYUNSH allb@RWMlodhl Oy or a
MoV al |l oy, and wherein the W/ all oy or the V alloy has a crystalline

ori ent at i 6eCrP1Z allay neagefertitEa allayor BoRBRveatleyr andradeefePiy dpar at us

characterized in conprising a magnetic recording nediumaccording to any
one of claim11 through claim 13, and a nagnetic head which records and

repr oduces. i nf Ammghétarecordingintkdivag Aciording @Cmly dne gf cladl throughxlaid Tyagnet i ¢
recordi ng dium according tqQ either one of claim1l and claim2, wherein
the film VAFTERIBLNOBMAgHEC VBAGERA MyPEhas ddapltier Sagure ntaifipdp 1BYS r ange of

10At 0300Agade of Cr or a Cr alloy containing Cr and at least one type selected from the group
consisting of Ti, Mo, Al, Ta, W, Ni, B, Si, Mn and V, and a layer made of a WV alloy or
a MoV alloy.

9, A magnetic recording medium according to any one of claim 1 through claim §,
wherein said magnetic layer is made of at least one alloy selected from the group
consisting of a CoCrTa alloy, a CoCrPtTa alloy, a CoCrPtB alloy, and a CoCrPtBM

(where M is one or more elements selected from Ta , Cu, and Ag) alloy.

10. A magnetic recording medium according to any one of c¢laim 1 through claim 9,

wherein said nonmagnetic substrate is a glass substrate or a silicon substrate.

1. A magnetic recording medium according to any one of claim ! through claim 9,
wherein said nonmagnetic substrate is one where a film comprising NiP or a NiP alloy
has been formed on the surface of a substrate made of one type selected from the group

consisting of Al, Al alloy, glass, and silicon.

12. A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a nonmagnetic intermediate layer, a magnetic layer, and a
protective layer laminated in this order on a nonmagnetic substrate, wherein at least one

layer of said nonmagnetic undercoat layer is formed by a WV alloy or a MoV alloy, and



39

wherein the WV alloy or the MoV alloy has a crystalline orientation.

13. A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a stabilizing layer, a non-magnetic coupling layer, a
magnetic layer, and a protective layer laminated in this order on a nonmagnetic substrate,
where said stabilizing layer is antiferromagnetically bonded to the magnetic layer,
wherein at least one layer of said nonmagnetic undercoat layer is configured by a WV
alloy or a MoV alloy, and

wherein the WV alloy or the MoV alloy has a crystalline orientation.

14. A magnetic recording and reproducing apparatus characterized in comprising a
magnetic recording medium according to any one of claim 1 through claim 13, and a
magnetic head which records and reproduces information on said magnetic recording

medium.

15. A magnetic recording medium according to either one of claim 1 and claim 2,

wherein the film thickness of the nonmagnetic undercoat layer is within a range of
10 A to 300 A.



