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DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
AND MAGNETI C RECORDI NG AND REPRODUCI NG DEVI CE 5
TECHNI CAL FI ELD [ 0001] The present invention rel ates
'to a perpendicul ar magnetic recording nediumand a _
magneti c recordi ng and reproduci ng devi ce using t he

' Gl ained on Japanese PGP .”‘ESL 'on. il nrrrmrmrm
2007- 231841, filed on Septenber

: 7, the cont

of which are incorporated herein by reference I'n fﬁelr—‘
entirety. BACKGROUND ART 15 [0002] In recent years,

t hPERPBNDIGDILA R VOPENBT IO REEORDINEGMEDIUN AV MRsGNETIC
such as magnetic disk devices, flexible disk devices,

and magneti ¢ HERAPEROENGGESD HRBROBURIKRPDE VIQEr eased.
As the inportance of such magnetic recording device

i ncreases, the recording density of nmgnetic
recordi ng nmedi a used in such magnetic recording

Vi dramatically inproved. In particular,
TE %ﬁﬁigﬂﬁﬁ?roduction of MR heads and PRM., the
surface 20 recording density has further |ncreased In
[000d & Ehe pgﬁéertsnve@wa F?gaé?)%to agsgpendimlas auaggeticregor dingypedium and a
been further introduced. Due to this, the surface
magnezoeddndipecad seprodiing daynds using gk yembntﬁpelaseldgmtiqrh@rding
rate of 100% a year. [0003] Thus, it is required that

medida® magnetic recordi ng nmedi a have a hi gher recording
density. In order to achieve this, a high coercive

for erif}i i901afh&@ jdpBndde PERNF Rbbl@caﬁ@ﬁ W&.2009223 184 filed on
high 25 resolution are required in the magneti c

Septex%%gr éj,l j?)%ll R Ehnterdt? op&fﬂﬁﬁ at® 1n%8&'o?a\féad Itlé?élﬁ by | Lfebéhce in their

entirety.

BACKGROUND ART

[0002] In recent years, the applicable scope of magnetic recording devices, such as magnetie
disk devices, flexible disk devices, and magnetic tape devices, has remarkably increased. As
the importance of such magnetic recording device increases, the recording density of
magnefic recording media used in such magnetic recording devices has dramatically
improved. In particular, with the introduction of MR heads and PRML, the surface
recording density has further increased. In recent years, GMR heads, and TuMR heads, etc.
have been further introduced. Due to this, the surface recording density has continuously
increased at the rate of 100% a year.

[0003] Thus, it is required that the magnetic recording media have a higher recording density.
In order to achieve this, a high coercive force, high signal-to-noise ratio (S/N ratio), and high

resolution are required in the magnetic recording layer. In order to achieve this, it is

Hllllllllllllﬂ!llll!llllllllllllllllll
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2 necessary to pronote the m nuteness and magnetic
i solation of magnetic crystal grains in a recording
| ayer which holds information. However, when the grain
di aneter is decreased by an in-plane magnetic
recording nethod of the congentional technology,
potential energy of magnetizatjion_inversion, which
necessary @ R5PBaigihe wmﬁem%a@m magastisasalaipsrefineagngis Efﬁfétalaﬁéms ina
a crystal magnetic anisotropy energy (Ku), is also
recordng lepererhichrbolds indegmmationt here is a problemin that the
magneti zation inversion easily occurs by thernal
r el Hyatvedwhdn thergiire Biapretd liederéased beab aclgnomaghetia recording
per pendi cul ar magnetic recording nethod is expected

meth%ﬁ o@ tHeQ @AY A ohSIBEH Ry tErktict @Rergf BT &\Agné‘tiiﬁﬁ&?fnversmn which is
hi gh er recordlng density. 10 Dissimlar to

the prrﬂar Lesan ?@%ﬁ%ﬁ&l Eq@&?foﬂ'xf&%rﬁ@éﬁlf’éjgy&ﬁi Exaﬂ%‘é glsgf? }aenergy

the axi's of “easy magne

netic  crystal ns. i s |cular
(%0) o ABEERORAFST aip ool Deftois i ulBE i A i fetisgtion inversion
Here, "axis of easy nagnetlzatlon nmeans an axis to
ﬁﬁﬂMﬁF@HSbhﬁgﬁéﬂﬂﬁﬁﬁﬁﬁﬁleaS|Iy aligns. In the case of
Co- based alloys, the axis of easy magnetization is an
axi Brofrcsugh ipsgblevhs nrthe bagkaraindeh pemendieulaomagietic irgpordifig method
the (0001) plane of the hcp structure of 15 Co. For
is expédted deaRading tethPigue eihidhecantdokiced fietieshighert le€ording density.
demagnetizing field between recording bits are smal

Disslrild} 8 bhelifS IR b} AL8Rd, m%éthoﬂrﬁgseasc}?a}&ttér{-‘stlc in that

magneti sm conditions stable. [0004] The perpendi cul ar

the agﬁgor}e%%ygr}l(ﬁ%% 12('1 gofnrrFT‘ nlé{nc §;§”I£P ?ra}/nsr 58 gglg)eﬂclﬁg@r (ﬁl?éé%{)n relative

ayer I'ng
and a protect| ve I h are | ayered, on a
to the SRS GH s BeLtBs e "y of o8 EgR AR (R agi s o which
| ayer is often |ayered on the protective layer. In
magpgitratipneasily aligrm e%iil efqalsmf Gpribased;adloys thegriyof easy magnetization is
magneti ¢ backing layer", is often formed under the
an axindesnxib)aylach isThaeallehtbethe Ina;merl lae obf thee( 00O gl aredifabehcp structure of
| ayer are formed to inprove properties of the:

Co. MEGPEHY ©adofs d&in@ﬁ)lé AeEffechPSthé UemhdnetizinB el bayedBrecording
control the aneter of the magnetic crystal grains

bits S34n{EAGARigh el 30ng eRllyRRARS ahk Bl SOkl BRRM Baditions

stable.

[0004] The perpendicular magnetic recording medium commonly has an under layer, an

intermediate layer, a magnetic recording layer, and a protéctive layer, which are layered on a

non-magnetic substrate, in this order. A lubricant layer is often layered on the protective

layer. In addition, a magnetic film, which is called a "soft magnetic backing layer", is often

formed under the under layer. The under layer and the intermediate layer are formed to

improve properties of the magnetic recording layer. ~Specifically, these layers control the

diameter of the magnetic crystal grains and magnetic isolation properties while orientating the

crystals in the magnetic recording layer.
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25 crystals in the magnetic recording |layer. 3 [0005]
In order to produce hi gh density-perpendicul ar

magneti ¢ recordi ng nmedi a having excellent properties,
it is necessary to decrease noi se while maintaining
thermal stability. In order3to decrease noise, a

thod,is co nl.y used in which magnetic crystal .. .
10005 AP gedrio BOT e B HE bR G e HeBrdie bevine
in the plane of the recording l[ayer, and magnetic 5 .
excellert propertiesit sctenrssarytth deeragpedoise whilesnaintainng therma) stability. In
decreased while the magnetic crystal grains are
ordemtiorlieexteigel rioésd, a hietddas comhenlynaied én vhicletagrasecrybtg! gins in a
nmethod, it is consequently necessary to decrease Ku

recording! 1B¢r ARINEEcEic&lly BbRteddh dhdislahdlohé edcofdindRiy e addmagnetic
thermal stabrlity. When the nmagnetic anisotropic

inter 0 B e I TR S Gl LR AL BERRERAL crl grains
coercive force are al so increased. Thereby, the
menP%@éFH?%g field, which is required for the
_naggetization inversion in witing, is also increased.
Dueleweehi whengoisedp Aeqregsed R dhis methadoft d FRSPARIEAMY Becessary to
used, is deteriorated, and recording and re rodqcin%Vh
decrgmso Kardf illesmagretialcaystal grinsis adder|to @%}tainrﬁhmgﬂablbty’- en the
sol ve the problens, so called ECC (Exchange Coupl ed
magKsticaaibire)ic BRea of fife Mpnetibesntab podedt adreasad, wi atibotaopic
| ayer (auxiliary recording |layer) which contains soft

magiBRRTRId, Gatfifatiol Fiel S Ah@ EQICINB GheE hfeadldoVintBade@! MEHerehy, e
under a perpendi cul ar nmagnetic recording |ayer (main

reco{d?(%ofé%g rWhil)ﬁYS%%lilﬂégaa: q@g th%%ﬁé%?%ﬁfo H QRGN \iivﬁ‘[igé,% RS0 increased.

'd nagne ave a granu
Due 3P SRR BRA e, e b an

t he, magneti zation direction of the entire 20
reprosBEE pEPReHiCs rarralgn E€Geasedcor di ng | aver contai ni ng both
ferromagnetic grains and soft magnetic grains is the S
[000pkr Inenrdérdakalve tierpoblienm, sehdalled F&G drxchange digapled Composite) media
magneti zati on, however, when the magneti zation
havedict € lidgasted,9n iwhieH 4 Reler (aBgiliaty recordingibyer fwhichtontaine s ft
all at once, and the nagnetic nonents are twisted in

maghdiR JrlheKBRRR HigRAEAIRs Wrniditod SRberbrbENdRIl A dnagnetic
recording layer (main recording layer) which contains ferromagnetic grains isolated

magnetically and which have a granular structure (For example, Non-Patent Document No. 1).

The greatest characteristic of the ECC media is that the magnetization direction of the entire

perpendicuiar magnetic recording layer containing both ferromagnetic grains and soft
magnetic grains is the perpendicular direction while having residual.magnetization, howeyer,
when the magnetization direction is inverted, magnetic moments do not invert all at once, and
the magnetic moments are twisted in the thickness direction of the layer and inverted
incoherently.

[0007] Specifically, the magnetic moments face toward the perpendicular direction in the
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i ncoherently. 25 [0007] Specifically, the magnetic
nmonments face toward the perpendicular direction in the
4 states not applied with recording field. Wile
being applied with a recording field, magnetic
noments in the auxiliary recqrding |ayer start to
mag netlcallﬁ rotate earlier._than the magnetic
statep RO Fpplieg Pith recosdige ﬁ‘r@ 4 a)%]i“l? beipg arnticd Wit gcordmo ﬁeld magnetlc
dissimlar to conventional perpendicular nmagnetic
momegtsan menaglxm secoftheg lapsr, stattito mggm:agzdb{ otede ¢asher than the magnetic
i nversion, 5 ferromagnetic grains in the main
mormde@Bah diengaihay@rrdiag ¢ayas Bi the EC (MOynedncdissigtiatfo ovagRionhal
field between soft magnetic grains in the auxiliary

perpérﬁﬁ&ﬂ&'rﬁ eBY 8dcordifly Addal | TRefeBy,!dMEing Rlch &b atiBR R ESI¢h,
field an denagnet|2|ng field o¥ itself. Therefore

ferro?ﬁ%%ﬁ%&c ?1\{;\” tﬂletr}%l%ﬁ ?éc%pdn?élﬁi& ey arF %gsg%‘iéé ll)%gxéhwgr{eﬁc field

ed mnth .conv ntro endi cul.ar net

berwEEL B AGHE TS T BO0BEY KT BREOHE o OB © i pplisd

and 3 discl ose that |nd|rect exchan e coupli ener gy
magngsicidiclp aad depagnetripgiigideal |1@erfath§eg>ye, m%geﬁtrzra%@n ipyersion easily

extrenely thin non-magnetic |ayer between the
occufeinrlowagpgetiic fitldy.and wiithlhtyFatremarkaoly ummpmvemonlpjprddﬁ'ﬂlﬂl

Transacti ons on Magnetics, vol. 41, pp. 537
conv[eh@@ra?@&r@Bﬁdi&&lm&&gi{etil}\l@eco?din@nﬁdﬁ. Par ki n, Phys. Rev.

Lett., 67, 3598 (1991). 15 [ Non- Patent Docunent No. 3]

[000?& PAteAPBoCum&diarBe it and%haﬁcloﬁeﬂiat ﬂ'ﬁi}éct exch eléﬁéhng energy
991 D| SCLOSURE OF THE | NVENTI O\| 20 R@LE

Worlg(ggé\?leetn?ggIrgg%rlletlylf\%/'f_’ayeﬁ aryalc #é‘? Igé fm extr n]%%ef? ?na&getlé ﬂver
IS necessary tq control the nagnetlzatlon i nversion
betwggpythe femamagneticlayeiont rol the exchange coupling
between the auxiliary recording |ayer and the
[NopBetseirdeeument Nenghet i[EEEdsesarieps ondylagnetigh got Hé, pp. 537
exchange coupling in the auxiliary recording |ayer.
[NorARategt Doesent Noe2] S.S.P. Parkin, Phys. Rev. Lett., 67, 3598 (1991).

[Non-Patent Document No. 3] P. Bruno and C. ‘Chappert, Phys. Rev. Lett., 67, 1602

(1991).
DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] As explained above, in order to exert the characteristic of the ECC media, it is
necessary to control the magnetization inversion mode, that is, to control the exchange
coupling between the auxiliary recording layer and the perpendicular magnetic recording
layer, and the exchange coupling in the auxiliary recording layer. Among these, the

exchange coupling between the auxiliary recording layer and the perpendicular magnetic
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25 exchange coupling between the auxiliary recording
| ayer and the perpendicul ar magnetic 5 recording

| ayer can be controlled by inserting a magnetic | ayer
or a non-nmagnetic |ayer between these |ayers and
adjusting the thickness of the inserted | ayer.
However, it is difficult t® control the exchange

recordifiy! lﬂybf‘%ﬂ BE ddABoRetby | ir@érlﬁné %(iﬁégieﬂg ldy@y &]r a YRMhabh&ic layer
auxi | |ary recording | ayer 'S y a sort

betwgRIEE 14 Pkl S‘“f iR RndD e HESRRREE L SRHP lfﬂ%?’%Y%??
diffiegfffp %"“[‘ﬁ hieea g chu ’é’@ g HX?J&%] t@ﬁ?@fﬂépg geKuhen ihe auiliar

bet ween ferronmagnetic |ayers by inserting an extrenely
recording layebis-madgridonty 4 sofemagnssicupaterial eechuesertberaxphiengecoupling is

| ayers. This phenonenon is-called a RKKY interaction
determimgd hly by the kmeloif seft aiegngtic catepialsnged.n t he RKKY

interaction is called RKKY interlayer coupling. 10 As

(00103 hdwoordingfth Gloa-Ptere D¥sGMehRess. aad 3cRdREERGcNAgE RBupling
frompositive to negative by increasing the thickness

energ?ﬁwo‘i*]&%é’t‘@@em%ﬁfagﬁetic"’% rs ﬁ)ys%‘éﬁ{ L% Eme g’;[hﬁ'f ML -magnetic layer

words, the RKKY Interlayer” coup |ng C ang

betwe\éfrll :ﬂl{ iéf??lg.%fgn eh/efég 221}[1? I;)ﬁe% rﬁ%ﬁ k c@?lga E%#@P}e&amon and the
indlreﬁgﬁ%&h?xgg%i q?ngﬁlggs %ﬁ g{t;rg!:t:lcg{g]é 29]6%;: nal%?% er coupling.

“anti-ferromagneti c _coupling” 15 neans energy for
al Pgshayn imEl @&gﬂ)@tﬁ@%ﬂﬁ@ﬂﬁ%@rmwlm Yagies Sonypesitive to negative
| ayer non-parallel. As shown in FIG 3, the RKKY

by indregsing thy dricknesgpofi theg nosnuighéter leper (Spaenflayer).onint dtkerksvords, the
of non-nmagnetic material constituting the inserted

RKKY anterlayer c&uydinglohusges i 8 sHbratigy ol &din fedroaghbdlcdupling to
non-magnetic layer is inserted between ferronagnetic

: partlgci:lul ar, @ g| s cl ear tohail t he R&lYQl nterleggeg?’ or aligning the

t : "
i e ATl febigemring
mean{{H3hey 05 o 'm”eirﬁ%é‘%é' ettt b m@‘@%% g ot pralle.
vari e exchange coupling. between ferronmagnetic
| af&sBOwR N B@ ga@iel Ynntedpyas gouning: isdifferent degending on the kind

consi dered that the
of non-magnetic material constituting the inserted layer. FIG. 3 shows a coupling constant

(J1) when a non-magnetic layer is inserted between ferromagnetic layers containing Co and a
transition metal. In particular, it is clear that the RKKY interlayer coupling constant of Ru,
Ir, and Rh is large.

[0011] From these facts, it can be understood that when the RKKY interaction coupling is
used and the kind and the thickness of the non-magnetic layer varies, exchange coupling
between ferromagnetic layers can be easily controlled. That is, it can be considered that the
exchange coupling in the auxiliary recording layer can be controlled by using a multilayer

film having the soft magnetism layer and the extremely thin non-magnetic layer as the
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exchange coupling in the auxiliary recording |ayer can

be controlled by using a nultilayer 25 film having the

soft magnetismlayer and the extrenely thin

non- magnetic layer as the 6 "auxiliary layer. [0012]

The present invention is achjeved by the

above-nenti oned consi derations, and the object of the
auxilighela@ed i nvention is to provide a perpendicul ar

magneti ¢ recordi ng medi um which has both excell ent

h S : e di : . )

[0012] %@’%&esﬁﬁﬁm%frt]l A 1§’£chg§fe8 b rtggg%%g[}ﬁéﬁﬂzogfeﬂ gg%sﬁ‘%egathns, and the

witability, can rec reproduce
. ' inf.ormation by f.rmng the auxiliary recgordin
oiecf S5 bkl P o B TR B g
. d.a magnetic recordjng and reproducing  device.
which RS tFexeelies (hamsar Meb bR e Terpring earsfizatipromdaritebility, and can

achi eve the object, the present invention provides the
record and reprasce highplensihycinfarmatiay bg tfomming ter alixilgaryredtotdinglagler
magnetic recordi ng and reproduci ng device. (1) A
capabeo frentotingahe espasgd @uptngraaidromag@div R dofdihg ghd'&pidducing
| east a soft nmmgnetic backing |ayer, an under |ayer,
devicén i nternedi ate | ayer, and a perpendi cul ar nagnetic
recording |layer, which are di sposed on a non-magnetic
substrate, wherein the perpendicular magnetic 15
recordi ng layer includes at | east one of a main

[ st one of an auxiliary °
m%&?@lsgg“%]%gi@r}ﬂﬁa%hﬁ?r ecordi ng layer includes a
ayer havi ng. perpendi cul ar magnetic,  ani sotropy, the
[0013;‘lu prdsy {p 4o BicuF therrpiectytbe present invantionayeyidestbe indlongng
three or nore of a soft nagnetic layer and a
perpendifulgngpagnstic reepydingwhiditmand niagpetiertcatding aak repyducing device.
the outernost |ayer to the non-nmagnetic substrate is

(1)t hé mopendivatmetdgaeti @peordiddmedjumPine RidpeNalil€dst @Eoft magnetic
magnetic recordi ng medi um according to (1), wherein

backilzx%; Ryt g kin@s Sayed fanQA®hin B@ e TRER SindG ﬁ&ﬁ(&fdi&l@d}%ir%h%é Rlording

e auxiliary layer is in a range of fromO0.2 n

layer, gf:ﬂé%lé %%: ggp?%dwg&%?%?grﬁe{vﬁggéﬁi tﬂ(gp%gll{cﬁlg{har magnetic
recording layer includes at least one of a main recording layer and at least one of an auxiliary
recording layer, the main recording layer includes a layer having perpendicular magnetic
anisotropy, the auxiliary recording layer is a multilayer including three or more of a soft
magnetic layer and a non-magnetic layer which are layered alternately, and the outermost
layer to the non-magnetic substrate is the soft magnetic layer.

2) A perpendicular magnetic recording medium according to (1), wherein the thickness
of each non-magnetic layer constituting the auxiliary layer is in a range of from 0.2 nm to 3
nm.

3) A perpendicular magnetic recording medium according to (1) or (2), wherein the

non-magnetic layer constituting the auxiliary layer contains at least one metal or an alloy of

Ru, Ir, Rh, Re, Cr, Cu, Ta, and W.
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non- magnetic layer constituting the auxiliary |ayer
contains at | east one netal or an alloy of 25 Ru, Ir,
Rh, Re, Cr, Cu, Ta, and W 7 (4) A perpendicul ar
magneti c recordi ng nmedi um according to any one of (1)
to (3), wherein the thickness of the soft magnetic

| ayer constituting the auxilary layer is 4 nmor

(4) | CoSperpiaituldindgibil rdobidili 1RSI aécnﬁd@g% al{@ogae%fo‘fg(@ to (3),

ayer constitutihg the au lrary recor
Lf .or less.the total t.hickness .of.the mai.p recording
wherfI e Bk &8 Mo T Bnehi AT FpHBHR the BOBRHGRYRE A fm o less,
accor di. totag oi{le of (1) to (4),. wherein the ) )
and theqt pscofjt %é‘? BREngtisdaxesconstiyting the apsiiary regprding layer is
constitute the auxiliary recording |ayer, have a
half og lesp thedptak thickpess of thevmahi rebordingelapdr. crystal grai n part
i s surrounded by a non-nagnetic oxide grain boundary,
(5) and penperdicutte ncapntac fesofling @R8tund&RRoRfindio anki one B (1)36.(4),
Al, W Nbo, Mj, Ru, and Y. 10 (6) A perpendicul ar

wherdfﬁﬂ'[é&fdncms\%gﬁﬁ Qiyied afte e YT ACLRALHE DFet %myc&g@u&f thé ddxiliary

to (5), rein the total anount of the oxi
' ' iliar ordi layer s in.a
recorfRhef Bivd £ gl GP A clsB o HSTE Bl B byeihparlis Jurrounded by
o di cul ar .magnetic recordi medi um.accor di 0
a nondf{dRERE S Byt PRary, ab i et S ang o @y Thita, cr L
the main recording |ayer has a granular structure in
W, Niyl¥lgrRy and 3. magnetic crystal grain part is surrounded.
by a non-n%ggetic oxi de grain boundary, and the oxide
(6) codtpsrpradicuiar magnaté recorlong miedign acerdinpiut aiyrmeat (1) to (5),
| east one of Si, Ti, Ta, G, A, W Nb, M, Ru, and

wheren tHeGptaParpeupexf diecoids comgnal incthé aeiligiytgcdt@tigUifer is in a range
according to any one of (1) to (7), wherein the total

of frof P4y RG] tb RBYPRS Agl.cont ai ned in the main recording
layer 'is in a range of 20 from 2% by nol to 20% by

) Tl BBy OBy SRR
where?fxg%ﬂ%%g 8%% %&%&f tgg fg}aﬁr}h%cgﬁgggeltaiygr Ifarssélsgtrgxllulgrs%!ugtsurelz 1rr]1 \}v ?:h a
magnetic crystal grain part is surrounded by a non-magnetic oxide grain boundary, and the
oxide contained in the main recording layer contains at least one of Si, Ti, Ta, Cr, Al, W, Nb,
Mg, Ru, and Y.

(8) A perpendicular magnetic recording medium according to any one of (1) to (7),
wherein the total amount of the oxide contained in the main recording layer is in a range of
from 2% by mol to 20% by mol.

9) A perpendicular magnetic recording medium according to any one of (1) to (8),
wherein the average diameter of the magnetic crystal grains in the main recording layer is in a
range of from 3 nm to 12 nm.

(10) A perpendicular magnetic recording medium according to any one of (1) to (9),

wherein the thickness of the main recording layer is in a range of from 1 nm to 20 nm, and the
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range of from3 nmto 12 nm (10) A perpendicul ar

magneti ¢ recordi ng nedi um according to any one of (1)

to (9), 25 wherein the thickness of the main recording

layer is in a range of from1l nmto 20 nm and the 8

total thickness of the perpendi cul ar magnetic

recording layer including th& nmain recording |layer is
total thitk8edsHTUe ﬁgr?%{d@éﬂlea' hEflc %&om‘]}li% éag'%]) méuﬁl%rg 1 & %1:;1%1? Jlf?(r)rding

magneti ¢ recordi ng medium accor 0 any

o) erein the soft magnetic backing | ayer has
layergs%%?rga%cgﬁqrpg %%P%Q?@t alline structure or a soft 5
magnetic fine crystalline structure. (12) A
(D) pe ndifulgr magnglie recording merivgn %ﬂmrd(i@todﬂwmmg)f(l) to (10),
devi ce having a perpendicular magnetic recording
whergig e seftameengtiehacking layentd af soft magretidnomyceysthlline structure or a soft
reproduci ng informati on of a perpendi cul ar nagnetic
magnetscfindenystaliindistrogtuher ei n t he per pendi cul ar nmagneti c
recording nmediumis the perpendicul ar magnetic

12 r e@%eﬁ%@ﬂidﬁ%iimﬂgg@ﬁ@&rcgiﬁ% &N@Eﬁ%’o&%&?‘%g&- é’ka\;iﬂ éﬂjéguendiculm

10 EFFECTS OF T PRESENT . 014 CcCcoO
ark S PEDER ) L i PR R rmacir

L S N A —

. per pendi cul ar magnetic recording |ayer, and high 15
mCd“&é @ﬁﬁl Pﬁ@e@gﬁ%l?{ Jagngiic peeontiggmpqaipnoReardimEo PRAVWNGE1) to (11).
[FIG 1] FIG 1 shows a cross-sectional view of the
per pendi cul ar magnetic recording nedium according to
the present invention. 20 [FIG 2] FIG 2 shows the
EFFECESa0F GRENPRESENGISIVENTHONIr ati on field, which is an
i ndex of the RKKY interlayer coupling disclosed in

[0014NoACESHIRR! to HRCHERDL iVentich, iR PoldiBle E@bﬁ%f&%spe%enﬁﬁ%lar magnetic
non- magneti c |ayer. '
recording medium which has excellent recording and reproducing properties while

maintaining high thermal stability of the perpendicular magnetic recording layer, and high

recording density.

BRIEF DESCRIPTION OF THE DRAWINGS

. [FIG.1] FIG. 1 shows a cross-sectional view of the perpendicular magnetic recording

medium according to the present invention.

[FIG. 2] FIG. 2 shows the relationship between a saturation field, which is an index of the
RKKY interlayer coupling disclosed in Non-Patent Document No. 2, and the thickness of the
non-magnetic layer.

[FIG. 3] FIG. 3 shows the RKKY interlayer coupling constant J; when various
non-magnetic layers shown in Noanatent Document No. 2 are used.

[FIG. 4] FIG. 4 shows the structure of the magnetic recording and reproducing device
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[FIG 3] FIG 3 shows the RKKY interlayer coupling
constant J1 when various non-magnetic |ayers shown in
Non- Pat ent Docunent No. 2 are used. 25 [FIG 4] FIG 4
shows the structure of the magnetic recording and
reproduci ng device 9 according to the present
invention. [FIG 5] FIG 5 shows the relationship

accor@Righe @it progent Rfvehtidhi ckness of the soft magnetic
| ayer and SNR when one soft magnetic | ayer

[FIG.icsﬂ n f Eté% éH&gvsgﬂeere]ﬁg' lnlf"rlrkalg nrbgpi;e%ﬁ%éj{o?ag Itllrn]xgl\(x?fcé% :oﬁ %e\égft in%dgnetic

e perpendl cul ar et c recor

ac jng to th resent invent.ian. FI. 6] FIG 6 .
tayer SEENR er She it RARG® IRt e B b Fi Skt gver i
. the soft magnetic |ayer and resistance to thermal )
varieq [n the psrnepdiciaemagirticesardinggnedinm acegrdingde ithe presant inyention.
the auxiliary recording layer is varied in the '
[FIG.dr pEKali Gcshoaws theagpiasionship detvatnribe toed ithinksess of tiersgft nhagnetic
the present invention. [FIG 7] FIG 7 shows the
layer aed adsistngb tthomhaldiictiation dikalont BbfE kidgastiOlhydi@ns@liting the
magnetic 10 [ ayer and SNR when the nunber of

auxiliafy Rebrlsy 18Fertif €arkédf ih tﬁ@ﬂ&ﬁ&ﬁcﬁcdlﬁyﬁg@ﬁ:ﬁe ?ﬁdgﬁ-&’iﬁé R i according

auxiliary recording |ayer are varied |

th pgiveitgy nagnetic recordi ng medium according to
© eﬁé&greggﬁt&{nvention. [FIG 8] FIG 8 shows the

rel at. i ] t n the total 1hjckness of e sqoft .
IFIG. o mEl e Holrdfe EFRIonbuP b B thotofaldRnRacss of e saffinpaneti
when the nunber of |ayerings of the soft nmagnetic 15
layer Pﬁ@ eNRewhen the aimbgr efHayerings of fhesofignagnstia dayea gepstigptng the
_varied in the perpendi cul ar magnetic recordi ng nmedi um
auxiligecrgeeiding layertane vastedsa the parpendicwar. magiete r@jordinGmedium
shows the relati onshi p between the thickness of one

accordmg-totlgn@mtsent invgrtion. constituting the auxiliary
recording layer and SNR in the perpendi cul ar magnetic

[FIG.I83COF I NshoWa dhd ol afonshif ibefvded thO®tARRRMMss bPiR b Magnetic
20 [FIG 10] FIG 10 shows the relationship between

| \ i : i i )
v A DR 9020 ARGy SRR AT G800 L LS mognri
layer Uojr?srti%%ngfthg G 15r|y%<ra]colrcrl]intgq§yer are varied in the perpendicular magnetic

recording medium according to the present invention.

[FIG.9] FIG. 9 shows the relationship between the thickness of one non-magnetic layer
constituting the auxiliary recording layer and SNR in the perpendicular magnetic recording
medium according to the present invention.

[FIG. 10] FIG. 10 shows the relationship between the thickness of one non-magnetic layer
constituting the auxiliary recording layer and resistance to thermal fluctuation in the
perpendicular magnetic recording medium according to the present invention.

[FIG. 11] FIG. 11 shows the relationship between the amount of the oxide iﬁ the auxiliary
recording layer and SNR in the perpendicular magnetic recording medium according to the

present invention.
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per pendi cul ar magnetic récordi ng nmedi um according to

the present invention. [FIG 11] FIG 11 shows the

rel ati onshi p between the anount of the oxide in the

auxiliary recording layer and SNR in the

per pendi cul ar magnetic recordi ng nmedi um according to

the 25 present invention. 1® [FIG 12] FIG 12 shows
[FIGI1g raGatd s e b@lﬁﬁ@rﬁﬂjﬁ o Q_tamQ)LR{ HEnO ki giilj(l: {he main

thé main recording | aye I'n the perpen ar

REL.L rdi i ym,accordi.ng to,.the resent ..

recorRRlck nd SRR B P R R R o B Bpeging to he

non- netic substrate 2 soft magnetic backing | ayer
mfﬁﬁtﬁﬁgg&nrayer 4 internediate |ayer 5 perpendicul ar

magneti c recording |layer 6 protective |ayer 100

per pendi cul ar magnetic recording nmedium 10 101 medi um

driving portion 102 magnetic head 103 head dri ving
EXPIpANATIANIOE REFEREINGE SiBOLE oduct i on si gnal system

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0017] Bel ow,
[0016]hd pri@smapndticwaBstiad | S explsatiifshnetic #8dkaigd laydd Fl G

1 shows a cross-sectional view of one exanple of the

pegpe&ﬁkgg%@; magneti c re@oqgkggaﬂﬁggggiaccording to

the present invention. As shown iIn , the

perp:a%#&&* H%?E ic recording nedium 10 is a

peép Cutgéth uﬁ%rcpgln%gge% soft magnetic backi ng
| ayer 2 n under |ayer 3 d an internedi ate | ayer_ 4 )
whi’c hpr8t?ﬁ§i"f té&'?re a orient a? (F(bn PepRRdigplar magpeticirgrording medium
controlling the orientation of a film disposed
t hdPburresliug dswingspaitien| ar 19mgmeaehetioieadecor di ng | ayer
(this may be abbreviated as "magnetic recording
| ayte3 " yhead davidg popi@t ect i ve04 | agoerdifig amdreproduction signal system
non- magneti c substrate 1. The perpendi cul ar magnetic
recording layer 5 has a main recording |ayer in which
the axis of easy magnetization (c-axis) is orientated

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] Below, the present invention is explained in detail.

FIG. 1 shows a cross-sectional view of one example of the perpendicular magnetic
recording medium according to the present invention. As shown in FIG. 1, the perpendicular
magnetic recording medium 10 is a perpendicular medium which has a soft magnetic backing
layer 2, an under layer 3 and an intermediate layer 4 which constitute a orientation control
layer for controlling the orientation of a film disposed thereonto, a perpendicular magnetic
recording layer (this may be abbreviated as "magnetic recording layer") 5, and a protective
layer 6, on a non-magnetic substrate 1. The perpendicular magnetic recording layer 5 has a
main recording.layer in which the axis of easy magnetization (c-axis) is orientated
perpendicularly to the non-magnetic substrate 1, and an auxiliary recording layer having soft

magnetic properties. The layering order may be the intermediate layer 4-the auxiliary

recording layer-the main recording layer; or the intermediate layer 4-the main recording
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perpendicularly to the non-magnetic substrate 1, and
an auxiliary recording |layer having soft magnetic
properties. The layering order nay be the internediate
| ayer 4-the auxiliary 25 recording | ayer-the main
recordi ng |layer; or the inteﬁnedlate | ayer 4-the main
recording 11 layer-the auxitiary recording |ayer.
layer-tHeQiL&]liaBeteovtdigalled ayer in the perpendicul ar magnetic
recording will be explained. First t he non-magnetic

[0018§UE§WE§chlta énﬁ%l&' icu Pécohﬁﬁ QA ghe&
maghet

Substrate | sed | per pen I °

re resent ventlon |nc ude any

noﬁﬁéaéﬁgpﬁqgé%%%? gﬂ? Eﬁpﬁé Q substrate made of

an_al u al | oy, such S | oy contalnlng
Al Examp eﬁrﬁ the noprpesneHe S‘ﬂ%tﬁét?oﬁlt‘%e t”é Kinipgnetic

Iass al um nosi | i cat e- based ass, annrphous glass,
recorcgng medivm ef tha presapt le@réwnceclugfa qremagietiqisabstratesasugh as a
a substrate made of resin. Anong these, an Al all oy
substrgtelysadeatfen aluminyst @ldyj aeH aghasd-MphHoy adreainfgdilais a main
anor phous gl ass substrate are often 10 used. Wen a

comp@hedt S uBREdtE fabe oS coti@dn ghhss UGhIRERichRVasal %E‘ssRﬁnbﬁyﬁ&ts glass,
than 1A, such as a mrror-polished gl ass substrate

silicon, SitRfi BhEES R su%?w(reé/\gfgs ity 9 Qtsﬁgsttra'te[slb%q%f r%:ﬁﬁt Uhfhong these,

may be adde strate

an Al gﬁgf %e sgarttg Ig%ﬁizg{l g ags 1?)%& 4%%%5%8%% g ?]ss S éstrage are often
ent |nvent|on referable that the substrate
used. | Wik s, glags sybetrate i Wﬂ@dS@éteﬁélaveg@p.%ewam efughasa
fromthe viewpoint of adhesion of |ayers. The cl eaning
mirrof-polished glassapbstratgyis preferablyitsed d e Whentthoednfernd is logw xtige may be
cl eaning but also etching (reverse-sputtering). In
addedaddhe gless, subfteatsi ze of the substrate is not
particularly Iimted. [0020] Next, the soft nagnetic

[0019pabkgergrdl 2t first( theisabdtiaye idR1cahbd gyd dbi@Pinake pldaG&iditeps of
layer"”) 2 is explained. 20 The backi ng Iayer 2

magm‘:tn:t dt%uc ESt1R Jre&eal ivagidnl ﬁllg pidiQable 'ﬁ?egﬁl%gﬂreﬁe Be @Qaned and

and applies effectlvely e per pendi cul ar conponent
dried Béfo}quye!r? got'ttgll ImdthEa Q/tetvpp%m c%%%ﬁés%onr c?fclg)r'e% ngl"llxeaéieamng in

the present invention includes not only an aqueous cleaning but also etching
(reverse-sputtering). In addition, the size of the substrate is not particularly limited.

[0020] Next, the soft magnetic backing layer (this may be abbreviated as "backing layer") 2
is explained.

The backing layer 2 introduces a recording field from the magnetic head and applies
effectively the perpendicular component of the recording field to the magnetic recording layer
5, during the recording of signals in the perpendicular magnetic recording medium.

[0021] Examples of the material constituting the backing layer 2 include materials having
so-called soft magnetic properties, such as a FeCo-based alloy, a CoZrNb-based alloy, and a

CoTaZr-based alloy. When the surface roughness (Ra) of the soft magnetic backing layer 2
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5, during the recording of signals in the
per pendi cul ar magneti c recordi ng nmedium [0021]
Exanpl es of the material constituting the backing
| ayer 2 include materials having so-called soft
magneti c properties, such as_a FeCo-based alloy, a
CoZr Nb- based all oy, and a 43 CoTazr - based al l oy. Wen
is smAll\&h& AbAREEhdi SO BRSHadnBad hedd éﬁ%é{%&fea@%ﬁf iﬁ%auo s further
I el ght 8¥

backing layer 2 12 is small, the floating

hi 1 & he e nd this all.ows

ehef o pBAR Bhdefne T PP e PRTRERRThec R naleBilodholiie the sof

preferable t th terial constituting the soft . .

mag“?rﬁ%ﬁaeﬁkﬂ%g @é%’%ﬁf‘gm ‘i@@%ﬁ%@éﬂ@?ﬂ (P AfBRtpRY sontaining fine
material or a material containing fine crystals. 5 A

crystidacki ng | ayer having an AFC, in which a non- magnetic
thin filmmade of Ru, etc. is inserted into tw soft
magneacking layeaheyingan AAHG dn bdidsetbramaghwichhmkiilngmhdy 6f Ru, etc.
in the present invention. The total thickness of the

is inséreakintugtwoagodt magrietic ldyess, E@Wlo BE uded @R Db Minlgdaye?@n THB present
and depends on the bal ance between the recordi’ng and

‘invenfigRr oduci ng properties and ONproperties. 10 [0022]

When the soft magnetic backing |ayer 2 contains fine

cr hous st.ruct ure ere js a

cad el AR AR 20} 5 HoB o BRd Tn o ¢pRnm. and

terd used or fjlmfaormng conditions. In this )

depe‘@g% ,d"?a{’al?%ceg’ag‘%‘?@aﬂée fesorging WKlepIRgueing propsriissand OW properties.
crystalline properties of the magnetic recording
[0022] a?}i@?efghﬁyoﬁt s1gnetis backing laweg Aeontainsrfinesystals baleran amorphous

bet ween the backing 15 layer 2 and the under |ayer 3.
structipQ tiRte INexdase inhehion Raretharkeblydnamaket Hependingromatle ataterial used or

| ayer 4, which are forned on the backing |ayer 2, are

film ferpingicoaditiohs) t he present invention, an orientation
control layer, which controls the orientation of the

Magnaid Sask SE R Pds8ble Y8 rene Rasag{dCiH%S&ie%ysttﬁﬁgg ﬁ%}f}hﬁ%ﬁ of the

| ayer 2. The orientation contr ayer
magn%%}e’ 1%:5':ﬁrtdérg:@é&af%}afogyzir}/geéﬁon@rrn%gga1ec a:urrllodrSﬂodselX)?err b%tvge%g the backing
layer 2 and the under layer 3.
[0023] Next, the under layer 3 and the intermediate layer 4, which are formed on the
backing layer 2, are explained.

In the present invention, an orientation control layer, which controls the orientation
of the magnetic recording layer 5, is formed on the backing layer 2. The orientation control
layer has plural layers. The plural layers are the under layer 3 and the intermediate layer 4
from the substrate side.

Examples of the material for the under layer 3 include Ta, and metals or alloys
having an fce structure having (111) plane orientation, such as Ni, Ni-Nb, Ni-Ta, Ni-V, Ni-W,

and Pt.

[0024] In general, examples of the material constituting the intermediate layer 4 include Ru,
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fromthe substrate side. Exanples of the material for
the under layer 3 include Ta, and netals or alloys
having an fcc structure having (111) pl ane
orientation, such as Ni, Ni-Nb, N-Ta, N -V, N-W
and Pt. 25 [0024] In generaH, exanples of the materia
constituting the internediaté | ayer 4 include Ru, 13

Re, a® all@&dhétdOWhidhiakeah hepbingdiuRayimiRnto ke Hﬁighéﬁ‘d 1éE&ding layer 5.
simlar to the magnetic recording layer 5.

The ihRhREAREBfef 4 |1§56?ﬁ1ecf' il SrdbPIER LIRS | ngﬁtiahen Sf’gﬁernﬁ’ignteﬂe

orientation of the magnetic recor ayer
record AEIEERT oTBTHTE AR afiiiE et VA Sn Rt PP v alghe
ortenefnf e et pFECEME FHFEAPRSAT SRBROLTHEE AR stucture

recording |ayer, which constitutes the perpendicular
[0023adnér meseetmweﬁltrrgl whye thegmaingscardiggdansiravhich comstitites, the

it is preferable that the internediate |ayer 4 have
perpeadiculae vegnaticreemrdingiaydride Hadwy gianalae ssuctgre gia ts grefesably that the

in making the internediate |ayer 4. However, there is
interrAedi@® @ayen 4 WAV C4h i eh biiFhck! dbtdlBePby BlRfALIng %a@f)reﬁiiﬁe in makmg

internediate layer 4 is deteriorated by increasing the

the 1r19@1'§16@fa?§ 5rQI= Q-Ekﬂvé\)%? tﬁéf flsaz?@ se ‘?13 g’g‘?}@ﬁf lﬁ s&ﬂﬁﬁmﬁ&n{a‘ﬁgn of the

| ar ge. s pro em can e so cin
atr unevenness .at..the surface

imereic 88 et 8% QRS AEPRARGPwi R il R @ﬁ‘ﬁ& Shsffeg fhness

Ia er 4 or eparatin he interpedi ate layer 4 intgo a

becoes top 13186 ‘gﬁcﬁ’ﬁq%\%ﬁg reéénlvelenme&eﬂemﬁepn pad pevenness
formed wth high gas pressures. [0026] Next, the

at thegsatrfaenbly epiiraizingethn 624 pressicoingnalking sheaintesmediatslpyeaidrma deparating
The perpendi cul ar - 15 nmagnetic recording | ayer 5

the interoledchéeslayéret imed mlalyem:ﬁumhiedl gvithdyergaa pekstires, aud ahotheniayer formed
recording layer. In layers form ng the perpendicul ar

wnhn@g@ggpﬁmﬁﬁgprdrng | ayer 5, the main recording |ayer
is a layer in which signals are actually recorded in

[0026)h&dxk ttﬁé Erﬁhcdlﬁ' thilheBE SR dink MHRPE iL8p15iR&). BHR perpendicular
2 multiple

recordlng yer a single ldyer or

magnetic recording layer 5 mcludes the main recording layer and the auxiliary recording
layer.

In layers forming the perpendicular magnetic recording layer 5, the main recording
layer is a layer in which signals are actually recorded, in the litererture.

In the present invention, the main recording layer may be a single layer or a multiple
layer having two layers or more. It is preferable that at least one layer constituting the main
recording layer have a granular structure containing an oxide and ferromagnetic crystal grains
of an alloy containing Co as a main component.

[0027] Examples of the ferromagnetic crystal grains which are preferably contained in the
magnetic recording layer 5 include CoCr, CoCrPt, CoPt, CoCrB, CoPtB, CoCrPtRu, CoCrRu,

CoCrPtRuB, CoPtRu, CoPtRuB, and CoCrRuB.
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20 layer having two |ayers or nore. It is preferable
that at | east one |ayer constituting the main
recordi ng |ayer have a granul ar structure containing
an oxide and ferromagnetic crystal grains of an alloy
containing Co as a main conF nent. [0027] Exanpl es of
the ferromagnetic crystal grains which are preferably

COAk dlid\@ddé Whichés preBgaisly icontaBRa il tHetnh@kae rerl:o'kdiﬁ%{l@@r 5,an
CoCr, CoCrPt, CoPt, CoCrB, CoPtB, CoCrPtRu, CoCrRu,

oxide %511‘5@91%%:’&% of LS RUTi, $RRERUB waRd, 8 REUBd Yéan ?é%steﬁe

oxli de ich is preferabl’y ¢ontained Fh the nagneti

[0028%?&?#?}6?%619%}%5[ tl% th?c&?gs')éll)g Cr%z%hﬁrle@o'g@%g@'ti}&eléﬁg%téa 8"3‘%8 %ff from 1
028 t is preferable that the thickness of the nain

nm tO&@dm%i Jﬁlge 3 %@n%waet?r dhe Brromagretic crystal is ppeferahly ina
The average grain dianeter of the ferromagnetic

range of {fomg} ningo dgemer abheyavieragg ghain slirgecterf cahrberm@smred tusing planar
nm The average grain dianeter can be neasured using

TEM phagear TEM i nages. [0029] As expl ai ned above, the
mai n recording |ayer may be a single |ayer. However,

[0029E>t Ak explaRes hbbw, itahaid réRFANE 18R ARY e 4 SEAE BiyRP 18WSEver, it is
e formed on or under the first maghetic Tecording

possiIEURL & Db et Rpgidllelt b TRRREL b of GRS st magneric
. [ cahn.be a ltiiple layer. A f.erronmggnetic

recordify Bt MRiCHTs SxPiipkafh SpediéBt socliibe Rghepeeead sheapingthe
| ayer can be se|lected fromthe ferronmagnetic

magn r@f?fﬁ}f@ laysy cam be gyltiple j@8 in the first magnetic
recording |layer. Mreover, the second magnetic
r eAdedpmagnesip enaterigl andan osideaif thessscond megnaticancariiog layer can be
main recording layer is a nultiple |layer, the total

selectehfroinrtbs fertdneagrofic imaterihls gadeheosideyuded ia theaftgemagnetic @e8ording
2 nmto 40 nm [0030] The main magnetic recording

layer. | aM6feoldt, thb 8eqUndSRatnetid ¥R0Edi AN 158N mRE nbO¢dHRAn BY oxide.
sputtering using a material constituting each | ayer as

e RS L IRAZEALE o L) o
preferably in a range of from 2 nm to 40 nm.

[0030] The main magnetic recording layer in the present invention can be formed by
sputtering using a material constituting each layer as a target.

[0031] As a ferromagnetic alloy material used as a target for the main recording layer, it is
preferable that it essentially contain Co, and more preferably contains Cr in addition to Co.
Examples of the ferromagnetic alloy include Co-based alloys, such as CoCr, CoCrPt,
CoCrPtRu, CoCrPtB, CoCrPtRuB, CoCrPtB-X, CoCrPtRuB-X, CoCrPtB-X-Y, and
CoCrPtRuB-X-Y. Moreover, X and Y denote the oxide which is explained above.

[0032] Among layers constituting the perpendicular magnetic recording layer 5 in the

present invention, the auxiliary recording layer is a layer which assists the magnetization

inversion in the main recording layer while the perpendicular magnetic recording layer 5 is
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preferable that it essentially contain Co, and nore
preferably contains O in addition to Co. 20 Exanples
of the ferromagnetic alloy include Co-based all oys,
such as CoCr, CoCrPt, CoCrPtRu, CoCrPtB, CoCrPtRuB,
CoCr Pt B- X, CoCrPtRuB-X, CoCrPtB-X-Y, and
CoCr Pt RuB- X-Y. Moreover, X dAd Y denote the oxide
appliedhlieta FvofifRY gblaed above. [0032] Anmong |ayers
constituting the perpendi cul ar magnetic recording
a [0t e dnvention. .t he.auxill ar . .
10033} e presPotiiendth“HE AN AR G €4 e Yayer including
magnet.i zati on 25 inversion in the nmain recording |ayer
three %rﬁprg lpygas B’eYVB’@ﬁ GiTOHrTEAENGHE MRYET EOMBIRBIEAN R Iegrain bpundary, and a
15 applied with a recording field. [0033] In the
soft m3gRaiclayqrcoBigitiohan pxide grain EPWY Fealtgiatgly layeredi s a
multiple layer including three or nore |layers in
whltehprzferatrie thag thet nan-inagretic dayer ahd thegsofirmaptietle layeaiwhich form
boundary, and a soft nmagnetic |ayer containing an

the auaiiacieregomiinp laOeNHAlYa @tlulat Steichat ebitalniiedrdal @aintboufidaries of
preferable that the non-magnetic |ayer and the soft

metal RABE bidind AMGon-Whkfelic hR{dd the auxiliary recording
| ayer, have a granular structure containing crystal

graj | es of tak, crystal grai
no%a&gg%e iC féf)%? gl.gn aor%%‘%leelél 0 eﬁ‘]’eﬁngﬁ Q‘?‘Fﬁéﬂ g}"i b, e f3u, and Y.
include Si, Ti, Ta, .Cr, , W Nb, My, Ru, and Y.
Tha“fﬁggécﬂ&ﬁaggﬂéﬁﬂmﬁg1E§%@§%PHH% or in combination. 10
L0034] A layer for controlling the exchange coupling
(00344 Adwvsr gy contrellingdhe exchangaeayling dependingaanwimationsecan be formed
- main recording layer and the auxiliary recording
betwermthermaift mecosdiog dayge amdbihplauridiary cootding layerg Tay exchamye coupling
be nade of a non-magnetic material, but a nmagnetic-

-controBing Ny niay Herids ¢l nontis@ghetit iRater 4l BRI GEn&RIAL nlierialis
the auxiliary recording |ayer including plural |ayers

prefer8®l) uB&l. 15 controlled by form ng the exchange
coupling-controlling |ayer. Wien an extrenely thin

Pg@l’éér%’&ﬂg .efco!ugﬁgé\hﬂ.eﬁleita :ﬁi;t ?r%g?rgitrglg?erzgéltg%gg %Puergli lgyers can be
contrqurlgg 2)?tfﬁl)lgmlgg¥}gege{x§gar{]ggp?_o?1’ﬁ]g$§}éé§trcllﬁxg {a/yer‘r.Jl iﬁ{lgn arga e(‘:]xr'gr%trrile‘l:y thin
non-magnetic layer is inserted between soft magnetic layers, that is; when the structure of a
soft magnetic layer/ a non-magnetic layer/ a soft magnetic layer is selected, an indirect
exchange coupling occurs between upper and lower soft magnetic layers. The indirect
exchange coupling can be easily controlled by adjusting the thickness of the non-magnetic
layer, and a number of repetitions of the structure of a soft magnetic layer/ a non-magnetic
layer/ a soft magnetic layer.

[0035] In contrast, when the auxiliary recording layer has a structure such as a single soft
magnetic layer, and two layers of a non-magnetic layer/ a soft magnetic layer, the exchange

coupling in the auxiliary recording layer cannot be controlled, because the exchange coupling

varies depending on the kind of material constituting the soft magnetic layer. That is, when
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exchange coupling occurs between upper and | ower soft
magnetic | ayers. The indirect exchange coupling can

be easily controlled by adjusting the thickness of the
non- magnetic 20 | ayer, and a nunber of repetitions of
the structure of a soft magnetic |ayer/ a non-nmagnetic

| ayer/ a soft magnetic Iayerl [0035] In contrast, when

the aﬁﬂﬁa@&&édrﬂi@?)la}fee GRIHeD Bvd RiyBFs, TRS0R-MAHARE WyRr RU ierted

a single soft magnetic layer, and two | ayers of a

betwdA thE8GH ﬁtagﬁetic%{ﬁéré.. ﬁTl?eﬁ%ﬁoraégg?ﬁqﬁ?%lryStoltﬁé/ S&Xd]il%\'&%f:cao)ll'%lpg layer being

exchange oupling i ] A rﬁcor 2 -
. .be. tnol) ed t ange couplin
L R o T R e AN

h of t netic layer. That is, when 16 the
WO-”‘QuiF fsipé?fyfrgigecfg?'dhﬁ goqxagﬂénetiw@md@ststé%ng theauiliary eecording layer
non- magnetic layer is not inserted between the soft
inclugegirieast on¢ mptal or oridlogfodRay, Iis Ri Rey Cy, Gro T4, W, audxTil arak more
recording |ayer being a single layer, it is
preferabpostdedst end metabot 61 alloef ®(; hgageRaoupl i ng. [ 0036] |t
is preferable that the non-nmagnetic |ayer constituting
h L i . : X _
R s e oSy iluge ] Ao R3S r s
| f. aon { ar, Hne
prefefe thet h2 oMk ol LR G Apighofl InFEN bRy £hf 0 2 oo
recordj ng Layer. includes plural non-magnetic |ayers, .
Whe & ks ypar fp e ot 8 o iRl B e gty Over he entire
non-magnetic_ |l ayer be in a range of fromO0.2 nmto 2
non"ﬂ?ﬁne“V\??é’ﬁr-t Hauq i thienediseqt xghange conpling spmgtime works between the
difficult to maintain uniformty over the entire 10
upperand-lpwgheafi magngiiedayebue Ingontnast, whendi exesedeX oha tgalistance
coupling sonetinmes works between the upper and | ower

betweznfthe opyginend toveyeft snaghsti€RREisastoo 1udpeNaridlanEiieREeA Sxehange
nm the distance between the upper and | ower soft

couplifROey het waxkers is too large, and an indifect exchange
coupling may not work. [0038] As a magnetic netal

| | _ . g Al
[003 egﬁg%&dsﬁg%%tﬁc%&aﬁﬁ&kng}?%é i Jnﬁgr?églc 1&%‘%@%@ 88t E e

iary reco ayery cry

materials,, such as.Co, N, Fe, CoB i Fe, QFe,
awlfIB) R 1ot Py SRR Enebriel S b bR W e GO <k 4 CoFe, can
are obtajined by adding Si, B, A, Zr, No, C )
be used. ~ In addition, amdrphous materials which are obtained by adding Si, B, Al, Zr, Nb, C

etc. into the crystalline materials can also be used.

[0039] When the auxiliary recording layer contains plural soft magnetic layers, it is
preferable that the thickness of each soft magnetic layer be 4 nm or less. When the thickness
exceeds 4 nm, the main component of the residual magnetization is an in-plane direction, and
thereby the signal intensity of the perpendicular magnetic recording medium may decrease.
[0040] In addition, when the auxiliary recording layer is a multiple layer, it is preferable that
the total thickness of the soft magnetic layers be half or less the total thickness of the main

recording layer. This is because when the total thickness of the soft magnetic layers exceeds

half the total thickness of the main recording layer, the main component of the residual
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etc. into the crystalline materials can al so be used.
[0039] When the auxiliary recording | ayer contains
plural soft magnetic layers, it is preferable that

t he thickness of each soft magnetic |ayer be 4 nm or

| ess. When the thickness ﬁg exceeds 4 nm the main
conponent of the residual Jnetization is an in-plane

magn@fiFa8ioh i Ddh indplend NRISEBYN, dndeh&eBale sighabRRdrsiy 8f tHeE)% endicular
per pendi cul ar magnetic recordi’ng nmedi um may” decr agé.

magnkﬁ)@f]e%rdlkr?% I%Ig&eth{nlalgg quhen.the auxiliary recording |ayer

Is anm It I's preferable that the total
t.he soft

hi.cknes f magnetic |ayers be half or, |ess
[0041] 0 ECHERAL. PsecTrad Sanype fducsl by & DEcBpalctgn sBylring phgcess or R
I S because when the total thickness of the soft
SPUttering PEQGESS: | Y sradsopassiblpstoarse paRE hipg 2t hiasi hpwWinBEsa palse DC
~ the main recording |ayer, the main conponent of the
bias, Pegisd b0 283, anddgrgssi zati on is an in-plane direction,
and thereby the signal intensity of the perpendicul ar
maghe sputtering @aslpregsure i dewrmiyedia el egsigyer[so @t kadhlayer has
general, these layers can be produced by a DC
optimBORBHEABs. S b W&ler tHe BhREeERS ¢3¢ pfREsurd E%B@Irallygn a range of from
process. It is also possible™to use an RF bias, a 50
; . i 20 gas,
sbout B ERGRUEY PE, Fhe Sefllifgp e B lemied Bhediir iR
erfin ev§f¥ l.a erﬂég t hat each | ayer has optinmum
performancs desired i BTt he sputtering gas pressure is
enerally in a range of from_ about 0.1 to about 30
mmz%aN”Fﬁé"%&foePEYff lsyerst sexplagnads det er mi ned dependi ng on
the performance desired in each layer. 10 [0042]
Nexthe pratective dayse bipvetetta yler média Sromx gdrnagestie tdhentact with the
protective |ayer 6 protects the nmedia from danage due
magnétic loadt aétSi®h filmtdag be MBEN&S the phtediveAnydr 62 HoWdveaR ci®on film
used as the protective |layer 6. However, a carbon film

is usell $n HRBY chdds.TETNe HBS BSformBEDY hls tite?in% r68ds, Bp1&ma CVD method,
sputtering process, a plasna D method, ‘etc. The

. PSS R SRRSO EEERHT, Ao

| plasm?iﬁb?% %dTlgf%lstohﬂo%slﬁBEic’s ]:3 tﬁllgl%négg 81' t%ce::tplrc;/tgctivae%g)[er% ils 1Sn a range of

from 1 nm to 10 nm, preferably a range of from 2 nm to 6 nm, and more preferably a range of
from 2 nm to 4 nm.

[0043] Next, the magnetic recording and reproducing device using the perpendicular
magnetic recording medium is explained.

FIG. 4 shows one example of the magnetic recording and reproducing device using
the perpendicular magnetic recording medium. The magnetic recording and reproducing
device shown in FIG. 4 includes the magnetic recording medium 100 having the structure
shown in FIG. 1, a medium driving portion 101 for rotary driving the magnetic recording
medium 100, a magnetic head 102 for recording information to the magnetic recording

medium 100 or reproducing information of the magnetic recording medium 100, a head
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froml nmto 10 nm preferably a range of from2 rim
to 6 nm and nore preferably a range of from2 nmto
4 nm [0043] Next, the nagnetic recording and
reproduci ng devi ce using the perpendi cul ar nagnetic
recording mediumis explained. 20 FIG 4 shows one
exanpl e of the magnetic r ecok&i ng and reproduci ng

drivifiePbieien 483 Rt m&\hﬁ% RERERHLE Head 16@&'&&%@ o qﬁ@ﬁlqlélgbgi\clzir(e:ceording

nmedi um T%e magneti ¢ recording and repr cing \
med GO, bt Sl PP Pt RO e S et

Y] [ | Vi t he magnet.i c
ro04$1, st Diosein o6 L g erat RpEEs pRrousids o produce a
. recording information to the magnetic recording 25
signafeergrd sandsobe signalde thsomagnetic haad i Gator processes He signghstpraduced by
recordi ng medi um 100, a head 18 driving portion 103
the nfagnetivohdad d 02 lve prodgoedats; dadaendsQBe dathalisidd.y t o t he
magneti c recording nedium 100, and a signal

[0049) QLGS infgnsSh@iM 104sE@In the ERIHbNOrRBRINER Y08 ng device
[0044] The signal processing system 104 processes data

accoidﬁ%.ttﬁ%%{egm Rhbd %ng (ﬁila%.h %@g gcea]c_ig\%}’xiﬁ% Wit B hQiEF geZcording

€ sig to the ndgneét I processes

Si gnal . reproduced .the magnet | ead 102 .to
densif. 3o RGNS oLl ot FRBAT MIF 0PE5exd Bsianogy clement
.ghe magneti c head 102 used |n the magnetic recording .
which nses,anoBgRic mrRgngEG Fesistange eecis (MR, Pfealsora Gt element using
. invention, any magnetic head which is suitable for
glantiagretie tasistinag efferin GMR), & lieMRaelementauping the tlmmabeffect, etc. can be
i ncluding not only a MR (Magneto Resi stance) el enent
usedwhi ch uses ani sotropi c magnetic resi stance effects
(AMR), but also a GWR el enent using 10 gi ant nmagnetic
resi stance effects (GWR), a TuMR el enent using the
tunnel effect, etc. can be used. EXAVMPLES [0046]
ExARpgws the present invention is explained in detail
referring to exanples. 15 [0047] Exanple 1-1

[0046] Below, the present invention is explained in detail referring to examples.
[0047] Example 1-1

A vacuum chamber, in which a glass substrate for a HD was set, was evacuated to 1.0
x 107 Pa or less in advance.

The soft magnetic backing layer 2 was produced on the substrate by layering
CoNbZe having a thickness of 50 nm by the sputtering process. Next, the under layer 3 was
produced by layering NiFe having an fcc structure in thickness of 5 nm in an Ar atmosphere
having a gas pressure of 0.6 Pa. Then, the intermediate layer 4 was produced by layering Ru
having a thickness of 10 nm in an Ar atmosphere having a gas pressure of 0.6 Pa, and further
layering Ru having a thickness of 10 nm by increasing the gas pressure to 10 Pa.

The perpendicular magnetic recording medium 5 was produced by layering a main

recording layer and an auxiliary recording layer in this order in an Ar atmosphere having a gas
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A vacuum chanber, in which a glass substrate for a HD
was set, was evacuated to 1.0 x 10-5 Pa or less in
advance. The soft nmgnetic backing |ayer 2 was
produced on the substrate by |ayering CoNbZe having a
t hi ckness of 50 nm by the spﬂ}tering process. Next,
the under |ayer 3 was 20 produced by |ayering N Fe
pressBRWIMPAN THeCmih rbordihg ldyer (Wak aiede o8 90{%3052091‘8?@- POISTY,), and had
at mosphere having a gas pressure of 0.6 Pa. Then, the
thidkdt L8 didi € | ayer 4 was produced by layering Ru _
e ﬁgfﬁng a thickness of 10 nmin an Ar at nosphere having

a s_pressure qf 0,8,Pa,..and further ayers i Ru .
el Oui R aentee op 48 A By cheBice) oflpeefale  molar ratioof
pressure to 10 Pa. The perpendicul ar magnetic ) )
Col2Ca L8t slyS i dicsipact velsis gh%mb@r%m ande 8hdenoterthianCr prontained
recording |layer and an auxiliary recording |ayer in
at 12¥+hysmol, @ad Pt 1s containedzat AB%ydhemel. haltian s, SColRr18Pt" means that it
pressure of 2 Pa. The main recording |ayer was made of

conta@f¥(128b BOmd B Cr, LBCSbPRol ofRt] ahddesidual Mo%Kyansl &FfCol@his rule is
nm Moreover, the nunbers "90"and "10" in the chem cal

used b@lbWl a denote a nolar ratio of Col2CrI8Pt, and Si Q2,
respectively. The nunbers "12" and "18" denote that

ori , 0 . Cned.
at TSI By D orfhy e Hp BRen B nd SRR NI 10510,
..contains 12% L of .Cr, 18% by nol of , .and . . .
(nickES: T im b e By 1010 gk ) & iy e aind st Boreging Nire 8510,
The auxiliary recording |ayer was produced by
to a thickngsp 9f b2ynMayering NiFe- | OSi Q2 (thi ckness: 1.2
nm and Ru-10Si 2 (thickness: 0.6 nn) tw ce, and
f i ridienya ¢carhen filng Wds Faye8di a5the pdteotiva fili6e kmbs perdiuotopdlyether
rim Then, a carbon filmwas |ayered as the protective

(PFPE) lubrifantand caatednd h tdclored yethA&t (PFPE) |ubricant was
coated to a thickness of 15 A Thereby, the

PermerbiyCihk pergeRaRalat frabRARI WESAiFRAEMIMT il ERample was
exanpl e was produced.

produced.
[0048] Example 1-2

The perpendicular magnetic recording medium in this example was produced in a
manner identical to that of Example 1-1, except that Ir-10Si0, was used as the material of the
non-magnetic layer in the auxiliary recording layer.

Example 1-3 |

The perpendicular magnetic recording medium in this example was produced in a
manner identical to that of Example 1-1, except that Rh-10Si0, was used as the material of
the non-magnetic layer in the auxiliary recording layer.

Comparative Example 1-1

A comparative perpendicular magnetic recording medium in this comparative

example was produced in a manner identical to that of Example 1-1, except that the thickness
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15 [0048] Exanple 1-2 The perpendicul ar nmagnetic
recording nediumin this exanple was produced in a
manner identical to that of Exanple 1-1, except that
Ir-1051 2 was used as the material of the

non- magnetic layer in the aéﬁiliary recordi ng | ayer.
Exanpl e 1-3 20 The perpendi ¢Ul ar nagneti c recordi ng

of theaglinuBedrding Mysr @4 IPhe, Wad ther R ilaeHrdcbrding IHENR4S not produced.
|dent|cal to that of Exanple 1-1, except that

agg“%q§ ?ﬁﬂl?s the material of the

non ghetic I'n the aUX|I|ary recordi ng | ayer.

o R G P A I S
s roduced in a manner |dent|cal to that o
exam@éa’%w uced be%@ﬁ'eerﬂww@lﬁ@ thatjof Examplerb 1, eceptibatfesimple
recordin er was 10 nm and the auxiliary recording
layer mggle pfmlge mﬁioph@dn&ednckr@wgfé} anmyeatnwdps ¢helauXilfary recording
conpar ati ve perpendi cul ar magnetic recording nmedi umin
layer.t hi s conparative exanple was produced in a manner
identical to that of Exanple 1-1, except that a sinple
S ICayflardiBe Exainpd F=¢-1 OSi Q2 having a thickness of 3.6
nm was used as the auxiliary recording |I|ayer.

Conpayras a!ré’tﬁfegféf’] ﬁul]ar tha %\&ﬁﬂ{éﬁéﬂmo\/ﬁe&iﬁﬁﬂﬁ D %HJnggra ive

magnetic rec nedi u I's Conpar at | ve

man

o Wa%evxf%‘iuﬁ?gg {%agwgan%ﬁ?%qﬂﬁﬁldt% %aﬂ@?éﬁmpiﬁnﬁi rSsgar hata ulipl
layer, Nr ' ”e%e$ o b R TaS 2y 1y a0 e (i@ tbikness: 12

-1 OS2 (thickness: 0.6 nm twice, and finally a
nm) anéyé@quwée of ConiOSE0; @siclomst 1 hé ok ewise, andofimatly,a haps made of

used as the auxiliary recording |ayer. Moreover, a

NiFe{l1a5%), (tadmest 1Qmm)) SiaRseibs the hexiliayageating ihypyer Moreover, a
layer made of Co-10Si0; was a ferromagnetic layer.
[0049] Recording and reproducing properties of the produced perpendicular magnetic
recording media were evaluated using a read-and-write analyzer 1632, and Spin Stand
S1701MP, which are marketed by U.S. GUZIK Technical Enterprises.

As SNR of the medium, the value of the signal-noise ratio (SNR) (moreover, S is an
output at the linear recording density of 119 kfci and N is a rms (root mean square)) of a
differential waveform after passing a differentiation circuit value at a linear recording density
of 716 kfci) was evaluated.

Medium overwrite properties were evaluated based on a reproduced output ratio
(decrease ratio, OW) of 119 kfci signal before and after overwriting a 250 kfci signal to a 119
kfci signal.

[0050] As resistance to thermal fluctuation of the medium, a ratio of V,000/Vo between the

reproduced outputs of a100 kfci signal after 1,000 seconds from recording a 100 kfci signal
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[ 0049] Recording and reproduci ng properties of the
produced perpendi cul ar magnetic 15 recordi ng nedi a
wer e eval uated using a read-and-wite analyzer 1632,
and Spin Stand S 1701 MP, which are marketed by U S.
QJUZI K Techni cal Enterprises, As SNR of the nmedium the
val ue of the signal-noise raiio (SNR) (noreover, Sis

once @170°0 dh®@tHe raproliticed JufiAs of £E00 RicPghld fedt biteHecdrthokd £d0 kfci
and Nis arns (root nean square)) of "a differentia

: gocafter passing a differentiation circuit value
mgndg?Mggf?near recording density 20 of 716 kfci) was

v ated. Medium.overwite pr.opert.ies. were eval.uated
100515, Sl bitnet SpBIRL Y 1 e R SRt drcehion P el EdipRovere
Cg% of 119 kfci, signal before and after overwiting a
evalugtedby p Kerigmegsyring dewca. 19 kfci signal . [0050] As
resi stance to thermal fluctuation of the medium a
[0052} afhecryktalstn@ooe wid bestabernerttiteon [Hana effthe dudrettcondingiager and the
of al 00 kfci signal after 1,000 seconds from recording

auxiliary k&¢briingilayer geed cotifirmed ¢ tiad 0-20 ettt dsig; AreR @@ dFRctometer
out puts of a 100 kfci signal just after recording a

using tQQ((Ha?é as St onBEReat 70C. [0051] Static nagnetic
properties in the perpendicular direction of the

[OOSBE’S%%% F}u%fﬁtﬁfcturg\é? ltl'réarg@g Jg%or&’ingzgﬁrgr gﬁcﬁﬁ}%;a}ugﬁiagﬂ/eitcgli%lh}ﬁilayer was

e crysta ure crys orien

l.ane of the i n rdj ng layer and the auxiliary . .
analy R AR 5O FE BT EN o APy e hErage 3miaberpdatneter n the
. using an X-ray diffractometer using Cu-ka rays as a
main fegopding layersnd theauilins sgcording 1aysewas ealewlated usihg plamar TEM
mai n recording |layer and the auxiliary recording |ayer
imagegas anal yzed using a cross-sectional TEM In
addition, the average crystal grain dianmeter in the

10ArairesultasfahXRY bai@ition)id wab eomfibiiddi thatymdgheat Biyd@l grains in
| ayer was cal cul ated using planar TEM inages. As a

the méifi $edotdif 1dyeeofdDp&peddiaiiaQRagrctic Werdr&Ap eaiBthve Bathep structure,
magnetic crystal grains in

and are orientated to the (0001) plane.

[0054] In addition, it was also confirmed that all auxiliary recording layers in the

perpendicular magnetic recording medium produced in Example 1-1 and Comparative

Examples 1-2 and 1-3 were orientated to the hep (0001) plane or the fec (111) plane.

[0055] As a result of the planar TEM observation, it was confirmed that the main recording

layer in all perpendicular magnetic recording media had a granular structure in which the

periphery of the magnetic crystal grains was surrounded by the boundary region. The

average grain diameter of the magnetic crystal grains was 7.8 nm.

In addition, it was also confirmed that the auxiliary recording layer in the

perpendicular magnetic recording medium in Example 1-1, and Comparative Examples 1-2

~ and 1-3 had a granular structure in which the periphery of the metal crystal grains was

surrounded by the boundary region, similar to the main recording layer. The average grain
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the main recording |ayer of all perpendicul ar magnetic
recordi ng nmedi a have an hcp structure, and are
orientated to the (0001) plane. 15 [0054] In addition,
it was also confirnmed that all auxiliary recording

| ayers in the perpendlcula2 magnetic recordi ng nmedi um
produced in Exanple 1-1 and 8bnparat|ve Exanpl es 1-2

dimnaacbflhéma@ﬁeeicws@ﬂt ifflwh®75henhcp (0001) plane or the
fcc (111) plane. [0055] As a result of the planar TEM

[0056‘? bSQr ML a(Ff thé brod8Se Bﬂ%l' TﬁlﬁdobE&%nM‘?t W &nﬁﬁﬁ&i ﬂiap 8ne metal

ayer in per pen magnet1 ¢ recording medra

erysil i pERE AT bl 58%?@3{%&%9“@2@%20&% PRy R et R e main
ﬁ%gundary region._ The aver a%e grai n di aneter of .the
recordipg layer, and iramelel ey sk erainhada @ysial lajtice gadigtevpepitaxially.

was al so confirned that the auxi liary recording | ayer

[0057] n Thagoerpive fened iHnu had thewguaseness ratsoR 8 whichwerapbtained by the

Exanpl e 1-1, and Conparative Exanples 1-2 and 1-3 had
staticanagneticiprapersies of theperpendichiat maighetioecordingy nediimt &x@ shown in

nmetal crystal grains was 25 surrounded by the boundary
Tablefl€gi on, simlar to the main recording |ayer. The

average grain 22 dianmeter of the magnetic crystal
[005% 11 s 7.5 nm [0056] As a result of the

§s.sectional TEM observat | on, it was confirmed that

one t-al—erystal—gratr—p—theawdHary—regqardin

Iaye'§ tic cr\fapzbes*reinin RRe_railn

rec rEPFEW?PW;lmler and t he atal gé%ltal grainl-ﬁad a

crysiBtample 41i%e and grew epitaxd622y. 5 [0057P The
coer|cixamplol e Hc, and the|squaBéfkss rati o RS, whijch
wer e Obrhparagct Byarhple 1-5tatiic nmager3 i ¢ propertioes of
the F@éxﬁ]@ﬁﬂh%%mﬂeqn}?“ c|recongyng nmedi umgp gy e shown

I

in ] 1vdEk’£iHﬂ>lgl1 Tabie|1] bgzp&e Fe ((E)()»ygb
[00597%aN -1 :

Compared with the perpendicular magnetic recording medium in Comparative

CXdAIT € 1- o0ZZ 1.

Example 1-1, Hc of the perpendicular magnetic recording medium in Examples 1-1 to 1-3, |
and Comparative Examples 1-2 and 1-3 decreases. In addition, RS in Examples 1-1 to 1-3
and Comparative Example 1-1 is 1, but RS in Comparative Examples 1-2 and 1-3 is
deteriorated to less than 1. In the perpendicular magnetic recording medium in Comparative
Example 1-3, since the auxiliary recording layer is a ferromagnetic film, properties are worse.
[0060] The overwrite properties OW, the SNR, and the resistance to thermal fluctuation
V1000/ Vo, which were obtained by the static magnetic properties of the perpendicular magnetic

recording medium, are shown in Table 2.
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Exanple 1-3 3691 1.0 Conparative Exanple 1-1 4673 1.0

Conparative Exanple 1-2 3 871 0.85 Conparative

Exanpl e 1-3 3248 0.78 [0059] 10 Conpared with the

per pendi cul ar magnetic recordi ng nediumin Conparative

Exanple 1-1, He of the perpendi cul ar nmagnetic

recordi ng nedi umin Exanpl e€31-1 to 1-3, and
[0061ForRMISb] ve Exanples 1-2 and 1-3 decreases. In

addition, RS.in Exanples 1-1 to 1- 3 and Conparatlve

a A ran-or | ac
S 1= J. | IS}
L blhip e dat
T UCT

B oteri or ated + QRLRBT, phn LI 0™ ViseoVs
3 %’ﬂgec]gﬂa;_gannmi c_r r‘nrr4 g-ne i um 18 (‘nrrrara@P?/%
K90RsI 1s21-3 since the aufdliary| recd8d ng [layed-99¥
Esampliedlgdetic film properéi#ds arp worl8et [ 0600.9993
hEomperative Bxamplepld t | es| OV 866 SNR,_and 7ighe 0.9995
P Cofiipantive BxainpRy B! 1 uct uaphon [ooqlyg  WhilCh ye5x)
brahiparkiY BxBmpRi A8 C NRQONEREE Properti@s, of e 5557

er pendi cul ar _magnetitT ecordrngnediuny _are showr—n
Table 2. 23 [0061] [Table 2] Sanple ON(dB) SNR (dB)

o250 AR et . 80P BT, S o

le 1-1 36.7 17.0 0.9995 Conparative
Exam%%n‘ﬁfa#atlve Exanp np

R

TO T HY RPT O

@nd 13 szm,@r%de b.c30 g Presyse it thie iERmivpInentis gbtained by
15.2 0.5587 [0062] Conpared with Conparative
forrmg(gwmugllmrecgmmgq]amawpi the Todrcivarfdro€onpenredsed.e
Exanples 1-2, and 1-3 is inproved. It can be presuned
t hkt additien, itmesi‘atanwto themedb flacatdo®din Comparative Example 1-1 is
substantially equal to that in Examples 1-1 to 1-3. However, the resistance to thermal
fluctuation in Comparative Examples 1-2 and 1-3 is decreased. It can be presumed that this
decrease of resistance to thermal fluctuation is caused by deterioration of the squareness ratio.
Regarding SNR, Example 1-1 displays the highest grade, and that of Examples 1-2
and 1-3 display the second highest grade. It can be presumed that such a high SNR is
obtained by influences due to the RKKY interlayer coupling strength which is caused between
NiFe-10Si0; layers.
[0063] Next, the perpendicular magnetic recording medium, in which the thickness of one
soft magnetic layer in the auxiliary recording layer and the number of layers of the soft
magnetic layer vary, were produced in the following manner.
Example 2
After the inteﬁnediate layer was layered in the same manner as Example 1-1, a main
recording layer was produced by layering 90(Co12Cr18Pt)-10(SiO,) to a thickness of 10 nm.
An auxiliary recording layer was produced by layering alternately NiFe-10SiO; (thickness: X

nm) and Ru-10Si0; (thickness: 0.6 nm) at Y times, and finally NiFe-10SiO; to a thickness of

X nm was layered.
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5 formng the auxiliary recording |layer, and the
coercive force is decreased. In addition, the
resistance to thermal fluctuation in Conparative
Exanple 1-1 is substantially equal to that in
Examples 1-1 to 1-3. However, the resistance to
thermal fluctuation in Com#drative Exanples 1-2 and

1- 3Heq, @€ g#&@ﬁﬁg layet W?l@?g&ftﬁﬁ&{ mﬁlﬂﬁ%t deldhSwas coated on the

decr ease resi st'ance er ma uctuation I's
by deterioration.of the squareness ratio. 10
Pr"teéz‘éé;‘?‘g‘frh%‘ t&?\é%meé?%%ﬁrgs F—xﬁ:ma eslp' ays the highest grade,
ang t,hat. of, mpl es 1-2 apd .1-3 display the secagnd
hi g s‘t"h'ﬁg é%l&é %hﬂffﬂv‘éﬁ OBéle? &%M@%\@rwém I3nggiof from\knm to 4

Is obtained by influences due to the RKKY interlayer

nm. c'oYipMhigh is thedayaringtime hwissvacigd sied range wé &om Qkd=8.-- | Moreover, the
OSi 2 layers. [0063] Next, the perpendicul ar magnetic

total théckmesh ofgheredi magneditic layeirein thbautilingkBesdingflaysevas Box Y + X,
soft magnetic layer in the auxiliary recording |ayer

[006ANhd sy b@e XHD eaxbstor it wikeconfithed RIRBEAG I RYREL grains in
vary, were produced in the follow ng manner. Exanple 2

the nfald x%onrd‘a}% 1%%?@%&%?&%@% Iﬁ}?\é@&ié @X@Jﬂﬁ% r}ig%lé ?&\iNa ﬁrgﬂan structure,

manner recordi

mﬁ‘f%ﬁ%ﬁﬁqgﬂgﬁpbqﬁﬁﬁ%ﬁg 90(Col 2Cr18Pt)-10(SIi2) to a

ness 20 An auxiliary recording |ayer

roduced by layering alternately N Fe-I OSi Q2
[0065\(11? i gﬂﬁ%@@%a: it ‘xa%#fo ‘\é?fbﬁwdﬂh@@ll@zlxvtam rgepeting layers in the)
at Y tines, and finally NNFe-1 OSiQ2 to a thickness of
perperdicular magnétireperdingamediT peaducedhwepr ariaatated/® thahier (0R83) plane or
produced and the |ubricant agent was coated on the
the foor(dtlogtanee | ayer, in the sane manner as Exanple 1-1
"X', which is the thickness of N Fe-1 OSi 2, was

[00661arAehrekilt 8f the PU@aPTEM SB8eB/aMith i@ whs cOMirmed thati £Rind Rcording
the layering tine, was varied in a range of fromO to

layer $a al'f/g&%@f{d?lﬁulaxt Jﬁﬁ%nerﬁctrg&ﬁ‘hin s S glfagﬁﬁ? stt@tlire in which the

magnetic layers Tn the auxfliary recording Iayer was
gt o b By PR e e
average grain diameter of the magnetic crystal grains was 7.8 nm.

In addition, it was also confirmed that, similar to the main recording layer, the
auxiliary recording layer in the perpendicular magnetic recording media had a granular
structure in which the periphery of the metal crystal grains was surrounded by the boundary
region. The average grain diameter of the magnetic crystal grains was 7.5 nm.

[0067] As a result of the cross-sectional TEM observation, it was confirmed that one metal
crystal grain in the auxiliary recording layer grew on one magnetic crystal grain in the main
recording layer, and the metal crystal grain had a crystal lattice and grew epitaxially.

[0068] FIGs. 5 and 6 show the relationship between SNR or Vg00/Vy, and the total thickness
of the soft magnetic layer, 3X (=2xX + X), when the layering time, Y, of the soft magnetic

layer in the auxiliary recording layer was set to 2, and the thickness, X, of one of the soft



the main recording |ayer of all perpendicul ar magnetic
recordi ng nedia had an hcp structure, and orientated
to the (0001) plane. [0065] In addition, it was al so
confirmed that all auxiliary recording |layers in the .
10 perpendi cul ar magnetic regordi ng nmedi a produced
were orientated to the hcp (0001) plane or the fcc

magrlefid layepl@fed.in hQAGR]ofAsmnd td #8#.t of the planar TEM
observation, it was confirmed that the main recording
I a r
alFe cg%gﬂta gﬁﬁs‘??ﬁﬂ%ﬁ?ﬂ&i AR NS R O
ysi al

ur ed .
fluctlgifp ot n?ﬂé@% FETike SR 288 YLD AR A pRIK 1 6 nm) in
C ralnswas78nm Inaddltlon It
the tqﬁgplﬁﬁ%see |SP gtnﬁté‘i Y& lar to the main recording
| ayer, the auxiliary recording layer in the
[006%e rﬁj@ﬁcﬁ and &ﬁhm@qe@ﬁdommlmvvngl SR ar Viad/ oo, gnchithgltetpl thickness
structure in which the periphery of the netal crystal
of thgscdt magnudis Iayer,Ouhded xby t)hehbothedhickness £Y) affone Dfi¢he soft
average grain dianmeter of the magnetic crystal grains

magnd@s lafePwaiet €91 bRD AR tHYayerin@Sihé, YObf tHe®oft magnetic layer in the
cross-sectional TEM observati on, it was confirnmed that

auxﬂpa?ﬁre'asltd?ﬂ%\}agérw&a‘}anga% Qrdﬂéetol??r gjf%'t(; gary recording

er grew on one magnetic -cryst grain in the main

rdin and net a al, gr.ai

G O el ¥R is ARl b Povel 2 ey dafe eﬁf’%ﬁem?l

and 6 showthe rel ati onship between SNR or_V 1000/ V
fluctuatgn ismainizingd ipR rapgfeefsfrom £ nm Y Sobito ey £Y =4 |la§laertofal

3X (=2XX + X), when the layering time, Y, of the soft
thickpesgoé thesofiBnagnge layarst he auxiliary recordi ng | ayer was

set to 2, and the thickness, X, of one of the soft 25
[0070adBestd on Limgeresulad, iitdld clear that wheetheftotdl thiokinessdbfnhie sdft magnetic

is clear that SNR is remarkably inproved and high

layerlif SleSduRil iRy teRofdhed IRbr is hhGE URE HRNhicknéBioT iR ASH rbébré‘m layer, it
yrangeofﬁf?};om121r§§m(x—04nn)to48nm(X— . &

is po%yi@lg 'rtcgobtﬁllﬁ 6% ge# %S(ﬁlllg 88Iodhﬁﬁ%$9§éer€%%gltﬁliéorﬁg talmng high

res1stgnéev¥%‘?ﬂe aﬁﬂgcrtu%oanOOlVO and the total thickness

[0071] Then, the perpendicular magnetic recording media, in which the th_jckness of one
non-magnetic layer in the auxiliary recording layer was varied, were produced in the
following manner.

Example 3

After the intermediate layer was layered in the same manner as Example 1-1, a main
recording layer was produced by layering 90(Co12Cr18Pt)-10(SiO,) to a thickness of 10 nm.
An auxiliary recording layer was prodﬁced by alternately layering NiFe-10SiO; (thickness:
1.2 nm) and Ru-108i0; (thickness: Z nm) twice, and finally NiFe-10SiO; to a thickness of 1.2
nm was layered.

Then, the protective layer was produced and the lubricant agent was coated on the
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of the soft magnetic layer, Y+ 1 (=Y x | + 1), when
the thickness, X, of one of the soft nmagnetic |ayer
was set to 1 rim and the layering tine, Y, of the
soft magnetic layer in the auxiliary recording layer
was varied in a range of fragmO to 8. It is clear that
SNR i s remarkably inproved £Ad hi gh resistance to
protedtﬁ'@'lzi%k 1n11%§a!rﬂé°r§1§lﬁ{e'rﬁ§‘}3kén@ﬁ' pjained in a range of

from2 nm(Y =1 in the total
PSS g TR et BB
t hi ckness of the soft magnetic layer in the auxiliary

nm. recording layer is half or Iess the thickness of the
mai n recordi ng_| aye [ IS possible to obtain
[0072¢ x As|a eyt @@b@%&lﬁgvaﬁ@qneﬁ weasironfignest thplemagnstic ghstad grains in

mai nt ai ni ng high 15 resistance to thermal fluctuation.

the mpi@GFdordifigdayer bfiell perppeadidilatinapnetiegaadriing mexekia kkidem hep structure,
medi a, in which the thickness of one non-nmagnetic

and wefyaientaied toetha o001 playier ecor di ng | ayer was vari ed,
were produced in the follow ng manner. Exanple 3 20

Af 128dditién, i WaL ;?T?@b%ﬂeaﬂ% a%ﬁxilﬁ)@efe@grdrﬂ%/ﬁl{@s RANE

manner as Exa a min record

o FULE B LTI SRR LTE B oy e

by alternately Iayerlng Ni Fe- ICS|C2
ﬂmibgﬂﬁquﬁﬁgs 1.2 nm) and Ru-1 OSi @ (thickness: Z nm

twice, and finally NiFe-l OSiQ2 to a thickness of 1.2

[0073h mAneresul e thel plapar TEMmobsetvetipn.dt wes sandirmag érat gsmain recording
produced and the |ubricant agent was coated on the 26

layer pradl parpéndecularymeagnetin r¢doedisg meedivainaier grasulbxsamptuge i Which the
Mor eover, the thickness, "Z", of Ru-108i Q2 was varied

periphefy af th@ﬁﬂzign@ﬁc EryRal Qraivi® W shrroRfed BPthebod¥dary Fe@fdfl. t The

of the XRD evaluation, it was confirned that magnetic
avera$d YRlrPdia@kRk B8 tHeMmagnetic crystal grains was 7.8 nm.

In addition, it was also confirmed that, similar to the main recording layer, the
auxiliary recording layer in perpendicular magnetic recording media had a granular structure
in which the periphery of the metal crystal grains was surroundéd by the boundary region.
The average grain diameter of the magnetic crystal grains was 7.5 nm.

As a result of the cross-sectional TEM observation, it was confirmed that one metal
crystal grain in the auxiliary recording layer grew on one magnetic crystal grain in the main
recording layer, and the metal crystal grain had a crystal lattice and grew epitaxially.

[0074] FIGs. 9 and 10 show the relationship between SNR or Vigp0/Vo, and the thickness of
one non-magnetic layer, Z, when the thickness of one non-magnetic layer Z in the auxiliary
recording layer wés varied in a range of from O to 4 nm.

It is clear that SNR is remarkably improved and high resistance to thermal

fluctuation is maintained when Z is in a range of from 0.2 nm to 2 nm. When Z exceeds 2
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5 the main recording |ayer of all perpendicul ar
magneti c recordi ng media had an hcp structure, and
were orientated to the (0001) plane. In addition, it
was al so confirnmed that all auxiliary recording |ayers
in the perpendicul ar magnetj,c recordi ng nedi a
produced were orientated to“the hcp (0001) plane or

nm, bolESNR Ginfl M, o)/ VRldaétBase 1 01 A8 B3lprésamied tles Whd deétkeasd8f SNR and
pl anar TEM observation, it was confirmed that the main

V1000 V3G9 E&IsB@ bedat¥: g gétzﬂx l: bRSVeRA Al G nﬂ{i%ﬂ;égg I“ar‘}ﬁe Vﬁm the auxiliary

recording ne granular struct

recor@f 1BRF IphgS %’yfg% ﬁaﬁr&iﬁﬁ*&é@ﬁ# 2 EBipiHeot i one, o n

di ameter of the magnetic crystal grains was_ 7.8 nm

(007534 dapshon thege theiSa ncleqrihaty Weah e ghicknessof| the nppy n@%@etw layer in
mai n recording layer, the 15 auxiliary recording |ayer

the ayxiligre reponding layar iSrimgm@tg'eG)f e P @i iy torg dima itHiagossible to obtain
granul ar structure in which the periphery of the

excellvat scoxinsiml reproduciag papesiss whilkdagintaynih eesiseancel &0 thermal
region. The average grain diameter of the magnetic

fluctuafiyst al grains was 7.5 run. As a result of the
cross-sectional TEM observation, it was confirned that

[007@ n?@&? ttﬁé Wrgéxycﬁ&.ﬁér lﬂ%%eﬂc k&o}(ﬂﬁ la, rPhich ‘ﬁ&ﬂhrﬁ%mon and the

n one magnetic cry S graln Int

r ayer.. . and the ain ha
kind %f?%%ﬁef T e &JCSBEQ?%\%XFH b tedHigd lver
and 10 show t he relatlonshlp bet ween SNR or V 1000No,
were yafied, Mot prodrerdda thy follgwanersanngggnet i ¢ | ayer, Z, when
the thickness of one non-magnetic layer Z in the
auwtixample/4 recording layer was varied in a range of
fromO to 4 nm It is clear that SNR is remarkably
I mMxfearehe mrameidigle legsivedsdayeeed in thb eamaimaiberfds Bxatglid D11, a main
is maintained when Zis in a range of from0.2 nmto 2

recorflinBay8h s ?r&?ﬁ@&ﬁgﬁ lagerdg 9O Wo 1RO IBPENRSANY td/2 BUKNéRs of 10 nm.

decr ease. can be presuned that the decrease of SNR

oy S R AL T o 12
nm) ql,ﬁ@%iﬁ\lrw$§)zt %clln%gsg% 6 nm twl?cKeK g.nld r%'Im(z:"xfly ﬁ?{fe-b&‘?jép[o aqglc oeesg of 1.2 nm
was layered.

Then, the protective layer was produced and the lubricant agent was coated on the
protective layer, in the same manner as Example 1-1.

Moreover, the content "a" of the oxide in the main recording layer, and the content
"b" of the oxide in the auxiliary recording layer were varied in a range of from 0% by mol to
30% by mol. In addition, the perpendicular magnetic recording media, in which TiO, TiO,,
WO3, and Cr,O; were used as the grain region material in the main recording layer and the
auxiliary recording layer, instead of SiO,, were also prepared.
[0077] As aresult of the XRD evaluation, it was confirmed that magnetic crystal grains in

the main recording layer of all perpendicular magnetic recording media had an hep structure,
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[0075] Based on these results, it is clear that when
the thickness of the non-magnetic layer in 5 the
auxiliary recording layer is in a range of fromO0.2 nm
to2rim it is possible to obtain excellent

recordi ng and reproduci ng pggperties whi | e mai nt ai ni ng
resistance to thernmal fluctdation. [0076] Next, the

and“Qﬁf&ﬁﬁﬂh@ykﬂmegﬁgngbk@crecordlng medi a, in which the
conposition an h kind of the oxides contained in

| ag‘é BRdiflorl SERELAOICS e 3 alINEXAUN) debBlatnd IBFAE H G

er e varle WEre pro oW Nng

o e R e AR L R LS LB o0 e

recording | ayer was produced by |ayering 90(Co I 2Cr |

the feg o} h1) plage ) "t o a thickness of 10 nm An auxiliary
recordi ng | ayer was produced by layering alternately

[0078)ii Pe-dogpupofthtplinaeEEM dbsgrvagomt) washcorRmieSitloR the main recording
(thickness: 0.6 nm twice, and finally N Fe-bSi 02 to a

layer,tih mdlic¢tes s 206r o2, had a g@aulapyt@licedre id hdich thé peripteie of the énagnetic
| ayer was produced and the |ubricant agent was coated

crystd) %ratlﬁ'@waﬁilﬁ‘ﬁcﬁlﬁaéd/ By {h%}ffé'hndzlrp rtdién.SanNe manner as
-1. Moreover, the tontent "a" of the OXIde in

t h?n g@dl oﬁ q{:\%_ﬂ%@gﬁé{ﬂ?{-ﬁ{fd tﬁ‘zﬂ%é Q.g«l 15 tr@d%}dmégaly %wg bis?2or

t he oxi e ’i'n ry recor ayer

rom 0% 3
more. i B heachis? FbBIeB PperiAbERe: the FIECD AtieH e are
in which TiO_ Ti02, W3, and Cr203 were used as the
urroypderd yﬁ@@b@ﬁmﬁﬁﬂ@gﬁﬁ+ in the main recording | ayer and
the auxiliary recording |layer, instead of Si02, were
(00791 $dGplleshames dhe x[e@@izsn;mweavqegm YR twikenxRBcontent, a, of SiO; in
evaluation, it was confirned that nagnetic crysta
the m@imadet@rding layd idssendi 10, st hedongni, dy ef Siof, imtHe auxiliary recording
per pendi cul ar magnetic recording nedia had an hcp

layer Sak Watied B a rafige 8NFoMERY @ i entated to the (0001)
plane In addition, it was also confirnmed that al

au}ﬂ c?é'ay tl{a?gl%{q's ?&nl\&){ﬁgfslmlppo%ﬁ%vhen the content of SiO, is in a range of

from 1% by mol to 20% by mol. Similar to SiO,, the remarkable improvement of SNR was

‘obtained in the perpendicular magnetic recording medium using TiO, TiO,, and Cr,0s.

[0080] FIG. 12 shows the relationship between a and SNR, when the content, b, of SiO, in
the auxiliary recording layer was set to 10, and the content, a, of SiO, in the main recording
layer was varied in a range of from 0 to 30.

It is clear that SNR is remarkably improved when the (l,ontént of S.i02 is in a range of
from 2% by mol to 20% by mol. Similar to SiO,, the remarkable improvement of SNR was
obtained in the perpendicular magnetic recording medium using TiO, TiO,, and Cr,0;.

[0081] Based on these results, it is clear that when the content of the oxides in the auxiliary
recording layer and the main recording layer is in a range of from 2% by mol to 20% by mol,

it is possible to obtain excellent recording and reproducing properties while maintaining high




per pendi cul ar magnetic recordi ng nmedi a produced were
orientated to the hcp (0001) plane or the fcc (111)
plane. 5 [0078] As a result of the planar TEM
observation, it was confirmed that the main recording
| ayer, in which ais 2 or had a granul ar
structure in which the perrg ery of the nmagnetic
resistedcé $é ferdalaiudsuaids. sur rounded by the boundary regi on
In addition, it was also confirmed that the auxiliary
recording layer, in which bis 2 or nore, had a
granul ar structure in which the periphery of the netal

t.al ' r 0 surrounded by the boundary
an[&@éagﬁ‘A?%@#ngﬁﬂiplll shows the rel ationshi p between
and SNR, when the content, a, of SIQ2 in the main
[0082r] eé@ﬁ%ﬁdﬁ@ tp Ahepresend invention, 1fig Possible i Bravisia aprrpenslicular magnetic
S in the auxiliary recording |ayer was varied in a
recordiag geedofm fyhinh @nmeaig@in High thermhkesabilityaof tB\perpendicular magnetic
remar kably i nproved when the content of SIQ2 is in a
recordﬁag tyenfand has éxceltert Yedoydin®hnd eep2dacing properti&s, sl dightrecording
2, the remarkabl e i nprovenent of SNR was obtai ned
(kny?n t he perpendi cul ar magnetic recordi ng nedi um usi ng
O Ti, and Cr203. [0080] FIG 12 shows the
rel ati onship between a and SNR, when the content, b,
of SIA2 in the auxiliary recording | ayer was set to
10, and the content, a, of SiQ2 in the main recording
| ayer was varied in a range of fromO to 30. 20 It is
clear that SNR is remarkably inproved when the content
of SiI2 is in arange of. from2%by nol to 20% by
nmol. Simlar to Si2, the remarkabl e inprovenent of
SNR was obtained in the perpendicul ar magnetic
recording nediumusing TiO TiQ2, and Cr203. [0081 ]
Based on these results, it is clear that when the
content of the oxides in the auxiliary recording
| ayer and the main recording |layer is in a range of
from2% by nol to 20% by nol, 25 it is possible to
obtai n excell ent recording and reproduci ng properties
whi |l e mai ntaining high 29 resistance to therm
fluctuation.
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| NDUSTRI AL APPLI CABI LI TY [0082] According to the
present invention, it is possible to provide a

per pendi cul ar magnetic 5 recordi ng nmedi um whi ch can
mai ntain high thermal stability of the perpendicul ar
magnetic recording |ayer, and has excellent recording
and reproduci ng properties,39nd hi gh recordi ng
density. N 30 CLAIM 1436Amqﬁpendicular magneti c
recordi ng medi umincluding at | east a soft magnetic

bagki nder .l ayer,. an_inter iate l.ayer, .

L an%li)gﬁ%g ?%é%é M %t?c rﬁgﬁrﬁ lerﬁyrgeqlgglolp‘&liuﬂlé‘grgf%?gtﬁ S%‘%%Wem
.are di sposed.on a non- netic substrate, 5 wherein )

back"%&#éy‘ae?lg &ﬂea@nﬁﬁaﬁg&? Elaseen Agerrspdiculanmagaic rgeording
| east one of a main recording |ayer and at | east one

layer, ghichrare disppsedrap & raromagnegicisabgrate,t he mai n recor di ng
| ayer includes a |ayer having perpendi cul ar nagnetic
anwheeirothy perpehdicalaxmap@atic reemrdingilager imghetes iableast one of a main
mul tilayer including three or nore of a soft nmagnetic

recordigyRiesdnd A lda%ﬂé&ﬁ&ﬁtahﬁilﬂa@yﬁbom%qayé}[ e layered
alternately, and the outernost 10 1ayer to the

NOfe TRAR Sddordifs Bbs AbRdESa ta{jygrr gélvutég ﬁ%gé}ﬁflélﬁalj xﬂX%fétic ?niuigotropy,

A perpendi cul a gnetic re n I'um accordi ng

cl ai P rein the .thickness .of, each non-nmagnetic
" Pt R e Afird® RS RriugRE el B Aa N e
of from0.2 nmto.3. nm 15 3. A perpendicul ar
magn%dwéetfiaeg AOBTBRENG i PLIN B 6T BV RGd elempisispnd the outermost
wherein the non-magnetic |ayer constituting the
layer tg the nomympgneticesubstarie i the seft magaetic leyer. met al or an
alloy of Ru, Ir, R, Re, C, Cu, Ta, Wand Ti. 20 4.
A perpendi cul ar magnetic recordi ng nmedi um according to
claim1, wherein the
2. A perpendicular magnetic recording medium according to claim 1, wherein the
thickness of each non-magnetic layer constituting the auxiliary layer is in a range of from 0.2

nm to 3 nm.

3. A perpendicular magnetic recording medium according to claim 1, wherein the

non-magnetic layer constituting the auxiliary layer contains at least one metal or an alloy of

Ru, Ir, Rh, Re, Cr, Cu, Ta, W and Ti.

4. A perpendicular magnetic recording medium according to claim 1, wherein the
thickness of the soft magnetic layer constituting the auxiliary layer is 4 nm or less, and the
total thickness of the soft magnetic layer constituting the auxiliary recording layer is half or

less the total thickness of the main recording layer.

5. A perpendicular magnetic recording medium according to claim 1, wherein the
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t hi ckness of the soft nmgnetic |ayer constituting the
auxiliary layer is 4 nmor less, and the total

t hi ckness of the soft magnetic |ayer constituting the
auxiliary recording layer is half or |less the total

t hi ckness of the main recorging | ayer. 25 5. A

per pendi cul ar magnetic reco ding medi um according to

non-ridghkfit yetdiRItBe Boft ARgRdic 1004; WABARLh&ithRYEE avdifary h&cording layer,
soft magnetic | ayer, which constitute the auxiliary

have {rlrgit:agfxgﬁé r@gté(%tgl%éqg ’rwahllc!gla%lgl??l ?@@gﬁﬁ F%(EJI}J ﬁ%{e g?sbhtl%gndeﬁ b‘% I?&n-r%agnetic
oo R PRRELL o S50 SRR P, B, . i R

My, Ru, and Y. 5 6. A perpendicul ar magnetic
andSﬁrecording medi um according to claim1, wherein the
total anount of the oxide contained in the auxiliary
recording layer is in a range of from2%by nol to
20% by nol. 10 7. A perpendicul ar magnetic recording
6. ned perpackiaildingpnetc edcatdind medhet 8idordihg keelaim 1 OWBerein the total
| ayer of the mamin recording |ayer has a granul ar
amoufit 6fURE BkRielcBnidted tn theMINRE FecbfdiSd Bler i9iRh 0¥ fiofh 2% by
- surrounded by a non-magneti'c oxi de gfain boundary, and
o, O contained in the main recording |ayer
nuﬂtégﬁégékgggt | east one of Si, Ti, Ta, G, A, W Nb
My, Ru, and Y. 15 8. A perpendi cul ar magnetic
recordi ng nmedi um according to claim1, wherein the
total anpunt of the oxide contained in the main .
7.t edoPAPsgIqUsranagnstic ecardingmedsmm pecordingdpglaimpll, wherein at least
20% by nol. 9. A perpendicul ar nmagnetic recording i
one layedplithe awain retording bryel kdsra granulhesteicture rewB@haveagngtic crystal
di aneter of the nmagnetic crystal grains in the main
grain pee @3 slirfgntied/By a néninhgheticmgde gfain bo@idady, ahditHe@xid: doftained in
10. A perpendicul ar magnetic recordi ng nmedi um
the mAMCGRESHING 1hver €bAtas ht 1:40&InRIOT S8, T4, ltirckD) W,@\T@,fM%h@u and Y.
main recording layer is in a range of froml nmto 20
nm and the tota

8. A perpendicular magnetic recording medium according to claim 1, wherein the total

amount of the oxide contained in the main recording layer is in a range of from 2% by mol to

20% by mol.

9. A perpendicular magnetic recording medium according to claim 1, wherein the
average diameter of the magnetic crystal grains in the main recording layer is in a range of

from 3 nm to 12 nm.

10. A perpendicular magnetic recording medium according to claim 1, wherein the
thickness of the main recording layer is in a range of from 1 nm to 20 nm, and the total

thickness of the perpendicular magnetic recording layer including the main recording layer is
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magngiieibagingcdlapirdian g sl magaetis gon-cry

25 thickness of the perpendicul ar magnetic recording
| ayer including the main recording layer is 32 in a
range of from 2nnt o40nm 11. A perpendi cul ar magnetic
recordi ng nmedi um according to claim1, wherein the
soft magnetic backing |ayer _has a soft magnetic
non-crystalline structure oP2a soft magnetic fine 5
in a rAdQeOf Fonl PanSfo’40cikr € 12. A perpendi cul ar magnetic
recordi ng and reproduci ng devi ce having a
per pendi cul ar magnetic recordi ng nmedi um and a
magneti ¢ head for recordi ng and reproducing
information, of a i cul ar magnet.ic recordin

1L o d Remerba megneie E%SBE%W fusm aceqeting foclpigy wﬁqx@in the soft

10 nrediumis the perpendicul ar naﬁnetic recordi ng
sta

crystalline structure.

12. A perpendicular magnetic recording and reproducing device having a perpendicular
magnetic recording medium and a magnetic head for recording and reproducing information

of a perpendicular magnetic recording medium, wherein the perpendicular magnetic recording

medium is the perpendicular magnetic recording medium according to claim 1.

ine structure or a soft magnetic fine



