 kl e3eTZQ4( 6 TZ>D$SDESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MANUFACTURI NG
METHOD THEREFOR Techni cal Field The present invention relates to a nmagnetic
recordi ng medi um sui table for high-density recording and also to a
manuf act uri ng nmet hod for such a magnetic recording nedium Background Art
Wth the devel opnment of the information processing technol ogy, the demand
for higher-density recording is increasing to a magnetic disk drive for use
as an external storage for a computer. The characteristics required for a
magneti c recording mediumto neet the above demand incl ude higher S/ Nm
(signal -to-nmedi um noi se ratio) of tRSORAETEONC recordi ng medi um and an

i nprovenent in thermal stability. For a reduction in nmediumnoise, it is
necessary to reduce the size of magnetic grains formng a magnetic |ayer
and to weaken the magnetic interaction between the magnetic grains. There
has been reported a net hogppeiradd mecbrpINe, MEpIUB, 2ARD etc. to CoCr all oy
formng a magnetic recording |ayer as a nethod of reducing the grain size

of the magnetic grains. FyatgacTirtg 8860 TheraddrPt to the CoCr all oy
of the magnetic recording |layer, so as to obtain a high coercivity (Hc). It

is also possible to forma magnetic recording |layer having a lowtM (M:
remanent nagnetization) and a high coercivity (Hc) by adding Cu to the CoCr
alloy. It is gﬁﬁf@aih toil is effective in weakening the magnetic

i nteraction between e magnetic gralns to increase the Cr content in the

CoCr alloy form ngrthe ma % émeenctolr |nrge1bacyesr t%nd to C~<ﬂ;,[esto]boncr ease the

boron (B) content it Ther'e ornlng gr undaries to

i sol ate the netic ins fro ch_other. An i ovenent ln the i n-pl ane
or|entatlonr%?g¥§bn?:%ﬁ?ﬁuﬂss?hg]gg sT3F Radh % n@%Yzﬁ??%ﬁd 9t HE magnet i c
recording layer also contributes to a re t|on |n the nedkug1n0|se

Further, th&t2°have® a‘F‘?"é‘éG?CB‘éEhH?eIB%W%‘g such a magne

recording medium.

Background Art

With the development of the information processing
technology, the demand for higher-density recording is
increasing to a magnetic disk drive for use as an
external storage for a computer. The characteristics
required for a magnetic recording medium to meet the
above demand include higher S$/Nm (signal-to-medium noise
ratic) of the magnetic recording medium and an
improvement in thermal stability. For a reduction in
medium noise, it is necessary to reduce the size of
magnetic grains forming a magnetic layer and to weaken
the magnetic interaction between the magnetic grains.

There has been reported a method of adding Ta, Nb,



techni que of using an underl ayer made of a suitable Cr alloy having a
crystal lattice size near that of the CoCr alloy form ng the magnetic
recording layer, and a technique of formng an internedi ate | ayer between

t he magnetic recording |ayer and the underl ayer wherein the internediate

| ayer is nmade of a Co-based all oy having 2 better in-plane orientation
characteristics than those of the nagnetic recording layer (S. Ohkijima et
al., Digest of IEEE - Inter - Mag., AB - 03, 1997). It is known that in an
i n-pl ane nmagnetic recordi ng nmediumthe pulse width Pws0 of a regenerated
wavef orm ang the siali GJRgREt i 1IChArRGIAM S @fﬁag‘?]fettﬂe rRdmng - e., the
coercivity Hc, the residual magnetization , and the magnetic |ayer

t hi ckness t, rel at t - ngyé@-: ‘ | Hc)"2
PwW50 = (2(a4}§?rf%+ g/%)%%th%fe%h%gr%%ﬁrlg%fgshgnts anrrg)d—(r%%t i(ofzf >s%|c})]!a\{i ng.
Basically, the smaller t.he pu Ldth, .tk e.re ution_o

r egener at edmé?igélr?allcl sgriar%ﬁlrsdvega%x}é%gfdi’lﬁgpg, ggﬁﬁlrégdgés??é %Echd}ER% medi um
is desired to have .a | arger coercivity force . wth a thinner netic film
t hi ckness. MWy ,l%é)rfgftﬁé" S éercé’dc&fﬁgogaé/ne&’i $61 ftsln%% of the
magneti c grains are advanced, there arjses 3 pr obl (Ifm of sig Tl gegr adati on
due to dema@héfiiZi fg i FosTF thermalf et i vat +8n2i Atr BESP B SctBrding to
the linear density of a recorded signal. As _a general nethod for inproving
the thernmal foFEbid Magnet ite FG® T6¥F oh dradsd] ﬁ’g’vgtﬁ‘gaﬁi 6 dpitc Wdgnetic field
(Hk) has been adopted. However, if the anisotropic magnetic 3 field (Hk)
i s excessi vealepangserte asede e tisrensind s ighydoes Giggiet i G1Fi & of a
magnetic head required for magnetization reversal of the magnetic grains
becones | ar geldisg tthatta HeembaCe perlifcar-nahtelsf kphennbhaét i€ héad may
becone | acki ng. As another nethod for inproving the thermal stability, a
keeper magneffifeateécer dinngremdainimachads:enow dyedri priogesedt it detpdicam

i ncl udes a keeper |ayer, which is a soft magnetic |ayer whose nagneti zation
di rection i sheatalgrelt itco grizdtnsoftca imagreetsec thay &r (ovedgrett c.ir éder di ng

CoCr alleoy forming the magnetic recording layer and to
also increase the boron (B) content in the CoCr alloy,
thereby forming grain boundaries to isolate the magnetic
grains from each other.

An improvement in the in-piane orientation of the
C-axis as the axis of easy magnetization in the magnetic
recording layer also contributes to a reduction in the
medium noise. Further, there have already been reported a
technique of using an underlayer made of a suitable Cr
alloy having a crystal lattice size near that of the CoCr
alloy forming the magnetic recording layer, and a
technigue of forming an intermediate layer between the
magnetic recording layer and the underlayer wherein the

intermediate layer is made of a Co-based alloy having



| ayer). This soft magnetic layer is fornmed above or bel ow the magnetic

| ayer. In many cases, a C nmagnetic insulating |ayer is provided between
the soft magnetic |layer and the nmagnetic |ayer. The soft nmagnetic |ayer
decreases the demagnetizing field of bits witten in the magnetic | ayer.
However, the purpose of decoupling of grains in the magnetic |ayer is not
attai ned because of the soft nmagnetic |ayer continuously exchange-coupl ed
to the magnetic recording |layer As a result, the medium noise is increased.
I n Japanese Patent Laid-Open No. 2001-56924, there has been proposed a
magnetic reperdiRgipegdiunti peludingiah trashcoaeiexdchangeahaybbsst pdcture
and a magnetic recording |ayer provided on the exchange |ayer structure, 9
wherei n theygxchapgethayercstayghulgybaclydesnaifenaormgaet i coiagyer and a
nonmagneti c coupling |ayer forned on the ferromagnetic |ayer, and the

magnetizatigp dkpeclioncbn Lhgakerrgaanghi cibayer s antiparallel to that
in the magnetic recording |ayer. Yhen a recording magnetic field is

externally applie 0: 1 hj ic.recordir i NBYASLA ZAL T on
direction in the S%%n%%r%é?@%ggﬁl%gl§a§§rﬂ%ﬁ%l$§% ﬁ%%%%?ﬁ%atlonE%%géction
inthe ferrg netic layer bec aral lLel _t h r f , In a
resi dual naﬂnggPthggoﬁéﬁﬁﬁoHl ergwéﬁeoﬁegogagﬁéeﬁgéggtF%gg?éﬁg %ganot
applied, the nmagnetization direction in the.ferr netic.layer i.s inverted
to becone aﬁPFngQFFSImﬁgnF ent ﬁé?F%SF?SﬁlﬁFr8§??gﬁ Pﬁgﬁﬁg’nﬁgﬁéfic
recording layer. By the inversion of the magnetization direction in the
ferr omagnet £B€| §98FC1VhEYaPpar ERE F?Fﬁ#Pﬁ#c%ﬁ@EE%&éﬁQBBHiﬁéreﬁggdt§§ a
whol e. Accordingly) the thermal stability of recorded bits cap be inproved
and the nedhagnAbiseledArbEnic¥neES Wt ABEL rﬁﬂ\?tﬁﬁvéPsgaE?‘f 858§roﬁ‘st he
performance of the magnetic recording nedium thus realizing a magnetic
recordi ng médlbaw@hi ch can performreliable high-density recording. As a
met hod for inproving the thermal stability and reduci ng the nmedi um noi se,
the use of the abowe-@BM:A/dAdH’5 exchange |ayer structure is effective.
To inprove the thermal stability in the magnetic recordi ng nedi um havi ng
t he exchange | ayer P60 eqR2Ured)i+(a/2)tesi rabl e that an exchange coupli ng
field for nmaking the nagnetization direction in the nagnetic recording
| ayer and t heepagdetipatsentdi nembigortin thecfiegrondgnetatlyayehe
antiparallel to each other is produced with a sufficient intensity.
smaller the pulse width, the more the resclution of a

regenerated signal is improved. Accordingly, a high-
density recording medium is desired to have a larger
coercivity force with a thinner magnetic film thickness.
However, when the grain size reduction and
isolation of the magnetic grains are advanced, there
arises a problem of signal degradation due to
demagnetizing field and thermal activation increasing
according to the linear density‘of a recorded signal. As
a general method for improving the thermal stability, a
method of increasing an anisotropic magnetic field (Hk)

has been adopted. However, if the anisotropic magnetic



[ Patent Docunent 1] Japanese Patent Laid-Qpen No. 2001-56922 [ Patent
Docunent 2] Japanese Patent Laid-Open No. 2001-56924 Discl osure of the
Invention It is therefore an object of the present invention to provide a
magneti ¢ recordi ng medi um whi ch can increase an exchange coupling force
bet ween a magnetic recording |ayer and a ferromagnetic layer to further
inprove the thermal stability of recorded bits, thereby realizing reliable
hi gh-density recording. In accordance with an aspect of the present
invention, there is provided a nagnetic recording nmedi umincluding a

f erromagnet if¢elldyetkiade ekcasGivedgednalrkayednt éhiealintansdmyagieti c
coupling layer fornmed on the 6 ferromagnetic | ayer and made of Ru or a
Ru- based al Ligy tBamefhal:;i cafd ea dmagnet naghecardhegd ayerm ifredmgdron t he
nonmagneti ¢ coupling |ayer and nade of a Co-based alloy material; the
nonmagnet i CaaHRlkiBg thayer c&RRsaINLE] thict ageRr+ i Fhgragnragretinescoupl i ng

| ayer is forméd by sputtering in an atnosphere of Ar-N~ m xed gas, and the
partial pressype ok nihLegen0as 19y bRg rbha 3Rl b the Syl iich Hel@ range
of 6.7 X 10-] to 3.7 X 10-2 Pa. Preferably, the magnetic recording | ayer

i ncl udes atmégagg ane QQEQQ%%Q all oy layer containing Co as a princi pal
conponent and-at Feast “one el’enent sel ected fromthe group consi sting of
Cr, Pt, B, and Cu., Pre y f o] o r hns Co as a
princi pal conponen%sa% ggﬁg%é%%%ﬁgﬁe§é%egﬁﬁ?gggﬁgc?%g F?%ﬁ??ﬁe group
consisting of _Cr, .Pt, and B. |In_accaordance w th _anot aspec t he

pr esent invéﬁ?ggﬁ}t?he?eiﬁgpﬁFoyﬁgggtéCn%&ﬁgfﬁéngeﬁgrg%ﬁg%%ghﬁfﬁ{including
a nonnmagnetic substrate; an_underl ayer for on_the non netic trate;
a nonmagnet PESPNPEPREG S e T5§5rm?%¥ﬂgdlgﬁgﬁﬁﬁsuﬁd ??8§Eg?g¥eFérW§#§§netic
| ayer fornmed on the nonmagnetic internedi ate Ia&gr %nd nﬁge of .a Co-based
al l oy mater L8l @ &O"dnRAGRELIE dGUSE RGPSy BAINETHER Lo Fe TF&iroRadfet i ¢

| ayer and nmade of Ru or a Ru 7 _ . .
parallel to that of a magnetic layer (magnetic recording

layer). This soft magnetic layer is formed above or below
the magnetic layer. In many cases, a Cr magnetic
insulating layer is provided between the soft magnetic
layer and the magnetic layer. The soft magnetic layer
decreases the demagnetizing field of bits written in the
magnetic layer. However, the purpose of decoupling of
grains in the magnetic layer is not attained because of
the soft magnetic layer continuously exchange-coupled to
the magnetic recording layer. As a result, the medium
noise is increased.

In Japanese Patent Laid-Open No. 2001-56924, there
has been proposed a magnetic recording medium including

at least one exchange layer structure and a magnetic

recording layer provided on the exchange layer structure,




based alloy material; and a magnetic recording |ayer formed on the
nonmagneti ¢ coupling | ayer and made of a Co-based alloy material; the
nonmagneti ¢ coupling |layer containing nitrogen. The nonnagnetic coupling

| ayer is fornmed by sputtering in an atnosphere of Ar-N~ m xed gas, and the
partial pressure of nitrogen gas during the sputtering is set in the range
of 6.7 X 10-3 to 3.7 X 10-Z Pa. Preferably, the underlayer includes a first
under | ayer fornmed of O and a second underl ayer provided on the first base
| ayer and fornmed of a Cr-based alloy material containing Cr as a principal

conponent apfecatiheagk erenaherentyeel ectredtiiremihbeugiesup consi sting of
Mo, Ta, Ti, W and V. In accordance with a further aspect of the present

invention, therenhgnkiQW dedeca mRbUbackni:aaccrethedubaring magretic
recordi ng medium including the steps of form ng an underl ayer on a

substrate by sputi efi pge. fff%%mg%erﬁqmg%tﬂ,camt ehgedi:ahe thaxeroan the
under |l ayer by sputtering;, formng a ferromgnetic |ayer of a Co-based all oy

terial : PCoi i | b ering; f '
A PhatDEcRONIRANCLLG L abeRMALS o LGl rX <o BUkl RGN o 1o 2

nonmagneti c “couplin or ‘a oy material on the

o1 OTROnetg | Er B BRYLLSIENG L an ol Tagbler gl - Pk uetgge and

8 form ng ing “Iayer base mat er | on the

nonmagneti ¢ coupling |l ayer by sputtering. Preferabl .t he parti.al pressure
of nitrogenm6§§e&&Fiﬁdeﬁﬁel§p&FE§FFﬁ&linapgéﬁﬁﬁg%Phéhﬁgnﬁggﬁgﬁf% coupl i ng

| ayer is set in the range of 6.7 X 10-3 to 3.7 é.lO-%.Pa..Brkﬁf Description
of the DrawrG§€rEiag Refdul, sdhenfgioledd@Aitona diragram'sidwin§ t he
configuration of a magnetic recording nmediumaccording to a . preferred
embodi ment BROTRELEr ESERE CilndetEiyey; 3pAgthe imsf‘géleitll&\ﬁgﬁ&ﬂ‘t SN

manuf act uri ng
in the ferromagnetic layer become parallel to each other.

Thereafter, in a residual magnetized condition where the
recording magnetic field is not applied, the
magnetization direction in the ferromagnetic layer is
inverted to become antiparallel to the magnetization
direction in the magnetic recording layer. By the
inversion of the magnetization direction in the
ferromagnetic layer, the apparent film thickness can be
increased as a whole. Accordingly, the thermal stability
of recorded bits can be improved and the medium noise can
be reduced without any adverse effects on the performance
of the magnetic recording medium, thus realizing a
magnetic recording medium which can perform reliable
high-density recording.

As a method for improving the thermal stability and

reducing the medium noise, the use of the above-mentioned




met hod for a magnetic recordi ng nmedi um according to the present invention;
FIG 3 is a graph show ng the dependence of exchange coupling field upon
the partial pressure of nitrogen gas in form ng the exchange coupling

| ayer; FIG 9 is a graph show ng the dependence of coercivity of the
magneti c recording | ayer upon the partial pressure of nitrogen gas in
formng the exchange coupling layer; and FIG 5 is a graph show ng the
dependence of S/Nmat a recording density of 307 kFCl upon the parti al
pressure of nitrogen gas in formng the exchange coupling |ayer. 9 Best
Mode for Carsyhaggeutl at/ee knventtuer Ref effienditve .Fl G ipptbeeeths shown a
schemati c sectional diagram show ng the configuration of a nagnetic
recordi ng nmediedmsacgoreing t0 ia phef ekked terboedicarat naf rickd upr @serihg

i nvention. The nmagnetic recording nmedi um has a sectional structure obtained

by IaninatiQgeae@@ﬂgﬁg@qugeguQ%&h%kgr%u G adhesisveabayerhdt MnP seed
| ayer 6, first underlayer 8, second underlayer 10, nonnagnetic internedi ate

layer 12, ferromagRetihopha%gr rié1RYRORIRINE! ithcCRURIERA Zhayen 16
contai ning N, nagnetic recording |ayer 18, protective layer 20, and
|Ubrlcat'0ndirection in the magnetic recording layer and the
magnetization direction in the ferromagnetic layer
antiparallel to each other is produced with a sufficient
intensity.
[Patent Document 1]
Japanese Patent Laid-Open No. 2001-56822

[Patent Document 2]

Japanese Patent Laid-Open No. 2001-56924

Disclosure of the Invention

It is therefore an object of the present invention
to provide a magnetic recording medium which can increase
an exchange coupling force between a magnetic recording
layer and a ferromagnetic layer to further improve the
thermal stability of recorded bits, thereby realizing
reliable high-density recording.

In accordance with an aspect of the present
invention, there is provided a magnetic recording medium
including a ferromagnetic layer made of a Co-based alloy

material; a nonmagnetic coupling layer formed on the



| ayer 22 in this order. The nonmagnetic substrate 2 is fornmed of Al, Al

all oy, or glass, for exanple. The nonmagnetic substrate 2 may be textured
or untextured. The C adhesive layer 4 having a thickness of 25 nmis
fornmed on the nonmagnetic substrate 2. The Ni P seed | ayer 6 having a

t hi ckness of 25 nmis formed on the Cr adhesive |ayer 4. The first
under | ayer 8 having a thickness of 9 nmis forned on the NP seed | ayer 6.
The first underlayer 8 is made of Cr. The second underl ayer 10 having a
thickness of 3 nmis fornmed on the first underlayer 8. The second
under | ayer ZI@rirsmignetd cofl a@evOantheadst erfi &lu ofr Eh&usdestd widey ayer 10
isnot limted to CM, but nmay be a C 10 based alloy containing O as a
princi pal coapendntl ;anddata heastetdrne relcemeriings dlagetred dmem tdre tdreoup
consisting of Mo, Ta, Ti, W and V. The nonmagnetic internediate |ayer 12
havi ng a t hinekfegsedfi cl campils nfgonage rorndheaseC ot abase Haayer =l0.o0yThe
nonnmagnetic internediate layer 12 is forned of CoCrTa. The nonmagnetic

i nternedi at gzhayen112 the PLAWadedtie Romtied heepl dtalirgmym h of the
magneti c recording layer 18, the decrease in range of grain size

di stribution;iR. e magnetic recording layer 18, and the orientation of the
axi s of easy nmagnetization in the nmagnetic recording |layer 18 parallel to

t he surface of the g i dj U e;fe ngt,ic | ayer 14
havi ng a thicknessTg? ggﬁﬂggég?gﬁn%ggggﬁﬁgeﬂh3ggaé%eF?gﬁgﬁtg?nediate | ayer
12. The ferr netic l.ay i f CrPt B, e qat eri.al t he
ferronagnetFggﬁgfgﬁh%dl%s%%o%%moﬁpggg%t%fCo Bﬁlﬁgg ﬁgg’béhg Eggbased

al l oy containin as a_principal__conmponent and_at .l eas e el e t

Sel otted | rBAFERELGPEES s e g TGP R Uom i ath hne PG e
exchange coupling | ayer 16 having_a thickness_of 0.8 nmis forned on the

f err omagnet PEY avelthe4rapge RdnPagnet ikl extRadgé Cod i Pt ayer 16 is

formed of Ru. The Ru nonmagneti ¢ exchange coupling |ayer. 16 is 11
Preferably, thegmagnegic reé%rdingpla r % cludes at

least one Co-based alloy layer containing Co as a
principal component and‘at least one element selected
from the group consisting of Cr, Pt, B, and Cu.
Preferably, the ferromagnetic layer contains Co as a
principal component and at least one element.selected
from the group consisting of Cr, Pt, and B.

In accordance with another aspect of the present
invention, there is provided a magnetic recording medium
including a nonmagnetic substrate; an underlayer formed
on the nonmagnetic substrate; a nonmagnetic intermediate
layer formed on the underlayer; a ferromagnetic layer
formed on the nonmagnetic intermediate layer and made of

a Co-based alloy material; a nonmagnetic coupling layer

formed on the ferromagnetic layer and made of Ru or a Ru-




formed by sputtering in an atnosphere of Ar-Nz m xed gas. Accordingly, the
Ru filmdeposited by this sputtering contains a mnute anount of nitrogen
(N). The nmgnetic recording |layer 18 having a thickness of 17 nmis forned
on the Ru(N) nonnmagneti c exchange coupling |ayer 16. The magnetic recording
| ayer 18 is nmade of CoCrPtBCu. The material of the magnetic recording |ayer
18 is not limted to CoCrPtBCu, but nay be a Co-based all oy containing Co
as a principal conponent and at | east one el enent selected fromthe group
consisting of Cr, Pt, B, and Cu. It is needless to say that the magnetic
recordi ng | ayekdldliisynatatleirmatied anel & sdangles ilcayercodolitngndy viee conposed of
multiple |ayers. The protective |layer 20 having a thickness of 5 nmis
formed on the FRENSH GhHeeeRhdiadgdtayercolPl ithe layler eaid erdaaydr a22 is
formed on the protective layer 20, so as to lubricate the recording surface
of the magnell ¢ .lee0k ilre)g, HBRGica 1Thithd WHEaiHan d ayeipidad Saemmed of an
organic lubricant. FIG shows a manufacturing nethod for the above

ment i oned i:C . r.dli dium In step 510, a sputtering chanber is
vacuuned tg%%%?af%—lg%gguorr%%gs%g In step S11, the substrate 2 is heated to
220C. Thereafter, g is intetaod Lnto sput j anber to hold
the pressure in th@ﬁgpﬁé?rélg Iﬁﬁ%%a%ggl%?&o}éggﬁaggl %8%1@8 % is condition,
the C adhesive |layer 4 is forned on the hstraf ¢ ( p ) nd t he

Ni P seed Iaf@ﬂﬁéel%”l‘?eifl POy FEd SR AHE erfsalAJhé]réi %‘gx%gyé%‘% %gjeﬁh%ﬁ). I'n
step S19, the substrate 2 is heated to 260C. Thereafter, t fi.rst .and
second basePRijdrd IEFFHE & e“fjgﬁrr?&?n( st o) B 'Fltlu“ CEE S Tdifmadnet i ¢
internediate layer 12 is formed on the sgcond_base | ayer 10 (step S16)) and
t he CoCr Pt Bsedr nomigeetticadeapdr 1.9 i’ hext tPofréd* ot & heP®onnagneti ¢ |
internediate layer 12 (step S17). In the next step, the Ar- m xed gas is
i ntroduced PAEd cma® lsputther ivagledianssr ingsas tahéfllﬁﬂtl\l)unr‘?@r’}ﬁé@’ﬁeﬁi c
exchange coupling layer 16 having a thickness of 0.8 nm (step S18). Sanples
wer e prepar ¢ nwiech cdh&ngiang tthegsand andardssiare RBPYIEDIFY ddén gas at
step S18 to clarify the dependence of exchange coupling field (Hex),
coercivity (fHost dedeS/Nverpemd Hiormsd tifala iredaped al%dqmé‘%ﬁlaé{ ep, Ar
gas is introduced into the sputtering chanmber to formthe CoCrPtBCu

magneti ¢ r ecordianginayer b6 Bawimgcipali clomessagft Endhmt( stegs ISP3e and next
formthe protective layer 20 having a thickness of 5 nm (step S20).

Final |y, thelsuksity ated s2:tesl rfammv ethd romurhesmitstamiong icManbdia), diid an
organic lubricant is applied to the protective |ayer 20 to formthe

| ubricationw,ayerd 22 (step S21). 13

In accordance with a further aspect of the present
invention, there is provided a manufacturing method for a
magnetic recording medium, including the steps of forming
an underlayer on a substrate by sputtering:; forming a
nonmagnetic intermediate layer on the underlayer by
sputtering; forming a ferromagnetic layer of a Co-based
alloy material on the nonmagnetic intermediate layer by
sputtering; forming a nonmagnetic coupling layer of Ru or

a Ru-based alloy material on the ferromagnetic layer by

sputtering in an atmosphere of Ar-N:; mixed gas; and




FIG 3 shows the dependence of exchange coupling field (Hex) upon the
partial pressure of nitrogen gas in form ng the exchange coupling | ayer 16.
As apparent fromFIG 3, the exchange coupling field (Hex) in the case of
adding nitrogen to the exchange coupling layer is larger than that in the
case of not adding nitrogen to the exchange coupling | ayer) and the
exchange coupling field (Hex) increases with an increase in the parti al
pressure of nitrogen gas. FIG 4 shows the dependence of coercivity (Hc) of
the magnetic recording |ayer 18 upon the partial pressure of nitrogen gas
in form ng fhemexghangegeeupti pgcbayenglbayAs onder sbebdsbdomlEbG 4, the
coercivity tends to decrease with an increase in the partial pressure of
nitrogen gagatard:a destredngamEgh¥tliy ebupdinhessythapy30pOtoersheds (Ce)
or not less than 3000 x n/4 (kA/m) is obtained in the range of not nore

than 3.7 x 10-2 F’apr@feﬂmﬁarﬁm@pﬂ@ﬁyr&@ésﬂé rogen; gasgerrioyeyer, the
| oss of coercivity due to the addition of nitrogen can be conpensated by

optim zing Lie; t‘EﬁbalsFQEtEP?aﬁﬁ%e%biim&ﬁgo%ﬁb“Hohﬁé‘@ﬁe%§C Ebfp1 onghows

t he dependence of si rumnoise ratio at a recording
density of 307 KFCI n, artial e as-tn formng
the 14  ex ﬁﬁﬁéeléoﬁg?iﬁa %H&eFaTﬁ. %5 § gare fron1 ep . §OtheaS/les

nore inproved with an increase in the partlal pressure of nitrogen gas as
conpared with the case of not adding nitrogen to the exchange coupling
| ayer, and a desired S/ Nmof_not |ess thacﬁé B can be obtained in the
range of not |ess than GYAsE ARSEBPPHE ¢ Zﬁﬁﬁ TS sure of nitrogen
gas. As understood fromthe test results shown Iﬂ | GS. nd o, t e
partial pressure oflittober? gaePehe Fbf nffightHeA di%% &%%%n
coupling layer 16 is preferably set in the range of 6 7 X IC)3 to 7 X
10-z Pa. |nqg§€pgaraA@9nl@ébalmﬁgnﬂéééra?ﬁ@réén9h36698§eﬁFCPﬁééﬁﬂlBH it is
possible to provide a magnetic recordi ng medi um which can increase an
exchange coapbragetrordechbpdémans mighbei BreeepFdinyerayerand a
ferromagnetic layer to inprove the thermal stability of recorded bits,
t her eby obt ai ni ng BI®i gh Bt Nen £1Gvchagrial Wing\ arepgres faCFeeEbRdi ng medi um
conprisin

w ¥ method for a magnetic recording medium according to the

present invention;

FIG. 3 is a graph showing the dependence of
exchange coupling field upon the partial pressure of
nitrogen gas in forming the exchange coupiing layer;

FIG. 4 is a graph showing the dependence of
coercivity of the magnetic recording layer upon the
partial pressure of nitrogen gas in forming the exchange
ccupling layer; and

FIG. 5 is a graph showing the dependence of S/Nm at

a recording density of 307 kFCI upon the partial pressure

of nitrogen gas in forming the exchange coupling layer.




a ferromagnetic | ayer nmade of a Co-based alloy material; a nonmagnetic
coupling layer fornmed on said ferromagnetic |ayer and made of Ru or a

Ru- based all oy material, said nonmagnetic coupling |ayer containing
nitrogen; and a magnetic recording |ayer forned on said nonnmagnetic
coupling layer and made of a Co-based alloy material. 2. The magnetic
recordi ng medium according to claim1l, wherein said nonmagnetic coupling

| ayer is formed by sputtering in an atnosphere of Ar-NZ m xed gas, and the
partial pressure of nitrogen gas during the sputtering is set in the range
of 6.7 x 10-3 to 3. 7g¥stOM8dRarc3. cibheymagnetukcthecondengioadi um accordi ng
to claiml1, wherein said magnetic recording |ayer conprises at |east one

Co- based al | oy | aygsr&ppt @y MMorfs. as, acpsidci pathewnponestenndiat | east
one el ement selected fromthe group consisting of G, Pt, B, and Cu. 9. The

magnetic regBE@EBQaﬁEQEHHEQBCQBQ&@QgtQhe configuration of a magnetic

recording medium according to a preferred embodiment of
the present invention. The magnetic recording medium has
a sectional structure obtained by laminating a
nonmagnetic substrate 2, Cr adhesive layer 4, NiP seed
layer 6, first underlayer 8, second underlayer 10,
nonmagnetic intermediate layer 12, ferromagnetic layer 14,
Ru nonmagnetic coupling layer 16 containing N, magnetic
recording layer 18, protective layer 20, and lubrication
layer 22 in this order.

The nonmagnetic substrate 2 is formed of Al, Al
alloy, or glass, for example. The nonmagnetic substrate 2
may be textured or untextured. The Cr adhesive layer 4
having a thickness of 25 nm is formed on the nonmagnetic
substrate 2. The NiP seed layer 6 having a thickness of
25 nm is formed cn the Cr adhesive layer 4. The first
underlayer 8 having a thickness of 4 nm is formed on the
NiP seed layer 6. The first underlayer 8 is made of Cr.
The second underlayer 10 having a thickness of 3 nm is
formed on the first underlayer 8. The second underlayer
10 is formed of CrMo. The material of the second

underlayer 10 is not limited to CrMo, but may be a Cr-

10



16 claim1, wherein said ferromagnetic |ayer contains Co as a principal
conponent and at | east one el enent selected fromthe group consisting of
Cr, Pt, and B. 5. A nagnetic recording nmedi um conprising: a nonmagnetic
substrate; an underlayer formed on said nonmagnetic substrate; a
nonmagnetic internmediate [ayer formed on said underlayer ; a ferromagnetic
| ayer forned on said nonnmagnetic intermediate |ayer and made of a Co-based
alloy material; a nonmagnetic coupling layer formed on said ferromagnetic
| ayer and made of Ru or a Ru-based alloy material, said nonmagnetic
coupl i ng | apeseconflabyi ngnhiatinogenCrand a pagnetipelr ecopdinrgtl aper ator med
on said

least one element selected from the group consisting of

Mo, Ta, Ti, W, and V.

The nonmagnetic intermediate layer 12 having a-

thickness of 1 nm is formed on the second base layer 10.

The nonmagnetic intermediate layer 12 is formed of CoCrTa.

The nonmagnetic intermediate layer 12 is provided to

promote the epitaxial growth of the magnetic recording

layer 18, the decrease in range of grain size

distribution in the magnetic recording layer 18, and the

orientation of the axis of easy magnétization in the

maghetic recording layer 18 parallel to the surface of

the magnetic recording medium. The ferromagnetic layer 14

having a thickness of 3 nm is formed on the nonmagnetic

intermediate layer 12. The ferromagnetic layer 14 is made

of CoCrPtB. The material of the ferromagnetic layer 14 1is

not limited to CoCrPtB, but may be a Co-based alloy

containing Co as a principal component and at least one

element selected from the group consisting of Cr, Pt, and

B.

The nonmagnetic exchange coupling layer 16 having a
thickness of 0.8 nm is formed on the ferromagnetic layer

14. The nonmagnetic exchange coupling layer 16 is formed

of Ru. The Ru nonmagnetic exchange coupling layer 16 1is

11




nonmagneti ¢ coupling |layer and nade of a Co-based alloy material. 6. The
magneti c recordi ng nedium according to claim5) wherein said nonnmagnetic
coupling layer is forned by sputtering in an atnosphere of Ar-NZ m xed gas,
and the partial pressure of nitrogen gas during the sputtering is set in
the range of 6.7 x 10-3 to 3.7 x 10-° Pa. 7. The magnetic recordi ng nedi um
according to 17 claim5, wherein said underlayer conprises a first
under | ayer made of C and a second underlayer forned on said first
under | ayer and nmade of a Cr-based alloy material containing C as a

princi pal caogperenbyargdualdreast ionenel@maphselectied HNonut hedgyaup
consisting of Mo, Ta, Ti, W and V. 8 A manufacturing nethod for a

magnet i ¢ reqi-dirad nd@di, UMh C QWP TN Ghe 131eP$0fth ifs0lspiutg eail rénder | ayer
on a substrate by sputtering; formng a nonmagnetic internediate | ayer on

sai d under | ayer By, SRULE @LIERY L RHE BE & el QIRIRELT CThayREgRE L3 Co- based
alloy material on said nonmagnetic I nternedi ate |ayer by
recording layer 18 having a thickness of 17 nm is formed
on the Ru{N) nonmagnetic exchange coupling layer 1é. The
maghetic recording layer 18 is made of CoCrPtBCu. The
material of the magnetic recording layer 18 is not
limited to CoCrPtBCu, but may be a Co-based alloy
containing Co as a principal component and at least one
element selected from the group consisting of Cr, Pt, B,
and Cu. It is needless to say that the magnetic recording
layer 18 is not limited to a single layer, but may be
composed of multiple layers. The protective layer 20
having a thickness of 5 nm is formed on the magnetic
recording layer 18. The lubrication layer 22 is formed on
the protective layer 20, so as to lubricate the recording
surface of the magnetic recording medium. This
lubrication layer 22 is formed of an organic lubricant.
FIG. 2 shows a manufacturing method for the above-
mentioned magnetic recording medium. In step S10, a
sputtering chamber is vacuumed to 4 x 107 Pa or less. In
step 511, the substrate Z 1is heated to 220°C. Thereafter,

Ar gas is introduced into the sputtering chamber to hold

the pressure in the sputtering chamber at 0.67 Pa. In

12



sputtering; formng a nonmagnetic coupling |layer of Ru or a Ru based all oy
material on said ferromagnetic |ayer by sputtering in an atnosphere of
Ar-N7 m xed gasT and form ng a magnetic recording | ayer of a Co-based all oy
mat erial on said nonmagnetic coupling |layer by sputtering. 9. The
manuf acturi ng nmethod for a magnetic recordi ng nmedi um according to claim 8,
wherein the partial pressure of nitrogen gas during the sputtering in
form ng said nonmagnetic coupling layer is set in the 18 range of 6.7 X
10-3 to 3.7 x 10-" Pa. 19 /N /N6V/ N9/ N6 / N69/ N6em Nenp / N6P/ N N69/ N
/' N69/ N9/ N6/ Nai NoYLNRENGR/ NEHXKDEWDadNesive layer 4 is formed on the

substrate 2 (step S12), and the NiP seed layer 6 is next

formed on the Cr adhesive layer 4 (step S13).

In step 514, the substrate 2 is heated to 260%TC.

Thereafter, the first and second base layers 8 and 10 are

formed (step S15). The CoCrTa nonmagnetic intermediate

layer 12 is formed on the second base layer 10 (step 516},

and the CoCrPtB ferromagnetic layer 14 is next formed on

the nonmagnetic intermediate layer 12 (step S$17). 1In the

next step, the Ar-N; mixed gas is introduced into the

sputtering chamber to form the Ru(N) nonmagnetic exchange

coupling layer 16 having a thickness of 0.8 nm (step S518).

Samples were prepared with changing the partial pressure

of the nitrogen gas at step S18 to clarify the dependence

of exchange coupling field (Hex), coercivity (Hc), and

S/Nm upon this partial pressure.

In the next step, Ar gas 1s introduced into the

sputtering chamber to form the CoCrPtBCu magnetic

recording layer 16 having a thickness of 17 nm (step S19)

and next form the protective layer 20 having a thickness

of 5 nm (step $20). Finally, the substrate 2 is removed

from the sputtering chamber, and an organic lubricant is

applied to the protective layer 20 to form the

lubrication layer 22 (step S21).

13
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exchange coupling layer, and the exchange coupling field
(Hex) increases with an increase in the partial pressure
cf nitrogen gas.

FIG. 4 shows the dependence of coercivity (Hc) of
the magnetic recording layer 18 upon the partial pressure
of nitrogen gas in forming the exchange coupling layer lo6.
As understood from FIG. 4, the coercivity tends to
decrease with an increase in the partial pressure of
nitrogen gas, and a desired coercivity of not less than
3000 cersteds (Oe) or not less than 3000 x n/4 (kA/m) is
obtained in the range of not more than 3.7 x 107 Pa for
the partial pressure of nitrogen gas. However, the loss
of coercivity due to the addition of nitrogen can be
compensated by optimizing the material of the magnetic
recording layer 18.

FIG. 5 shows the dependence of signal-to-medium
noise ratio (S/Nm) at a recording density of 307 kFCI

upon the partial pressure of nitrogen gas in forming the
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exchange coupling layer 16. As apparent from FIG. 5, the
S/Nm is more improved with an increase in the partial
pressure of nitrogen gas as compared with fhe case of not
adding nitrogen to the exchange coupling layer, and a
desired S/Nm of not less than 14.5 dB can be obtained in
the range of not less than 6.7 x 10™® Pa for the partial
pressure of nitrogen gas. As understocd from the test
results shown in FIGS. 4 and 5, the partial pressure of
nitrogen gas in forming the nonmagnetic exchange coupling
layer 16 is preferably set in the range of 6.7 x 107° to

3.7 x 1072 Pa.

Industrial Applicability
According to the present invention, it is possible
to provide a magnetic recording medium which can increase
an exchange coupliing force between a magnetic recording
layer and a ferromagnetic layer to improve the thermal

stability of recorded bits, thereby obtaining a high S/Nm.
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1. A magnetic recording medium comprising:

a ferromagnetic layer made of a Co-based alloy
material;

a nonmagnetic coupling layer formed on said
ferromagnetic layer and made of Ru or a Ru—bésed alloy
material, said nonmagnetic coupling layer containing
nitrogen; and

a magnetic recording layer formed on said
nonmagnetic coupling layer and made of a Co-based alloy
material.

2. The magnetic recording medium according to
claim 1, wherein said nonmagnetic coupling layer 1is
formed by sputtering in an atmosphere of Ar—-N; mixed gas,
and the partial pressure of nitrogen gas during the
sputtering is set in the range of 6.7 x 107 to 3.7 x 1077
Pa.

3. The magnetic recording medium according to
claim 1, wherein said magnetic recording layer comprises
at least one Co-based alloy layer containing Co as a
principal component and at least one element selected

from the group consisting of Cr, Pt, B, and Cu.

4. The magnetic recording medium according to
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claim 1, wherein said ferromagnetic layer contains Cc as

a principal component and at least one element selected

from the group consisting of Cr, Pt, and B.

5. A magnetic recording medium comprising:

a nonmagnetic substrate;

an underlayer formed on said nonmagnetic substrate;

a nonmagnetic intermediate layer formed on said
underlayer ;

a ferromagnetic layer formed on said nonmagnetic
intermediate layer and made of a Co-based alloy material;

a nonmagnetic coupling layer formed on said
ferromagnetic layer and made of Ru or a Ru-based alloy
material, said nonmagnetic coupling layer containing
nitrogen; and

a magnetic recording layer formed on said
nonmagnetic coupling layer and made of a Co-based alloy
material.

6. The magnetic recording medium according tc
claim 5, wherein said nonmagnetic coupling layer is
formed by sputtering in an atmosphere cf Ar-N; mixed gas,
and the partial pressure of nitrogen gas during the
sputtering is set in the range of 6.7 x 107 to 3.7 x 1077

Pa.

7. The magnetic recording medium according to
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material containing Cr as a principal component and at
least one element selected from the group consisting of
Mo, Ta, Ti, W, and V.

8. A manufacturing method for a magnetic recording
medium, comprising the steps of:

forming an underlayer on a substrate by sputtering;

forming a nonmagnetic intermediate layer on said
underlayer by sputtering;

forming a ferromagnetic layer of a Co-based alloy
material on sald nonmagnetic intermediate layer by
sputtering;

forming a nonmagnetic coupling layer of Ru or a Ru-
based alloy material on said ferromagnetic layer by
sputtering in an atmosphere of Ar-N; mixed gas; and

forming a magnetic recording layer of a Co-based
alloy material on said nonmagnetic coupling layer by
sputtering.

9., The manufacturing method for a magnetic
recording medium according to claim 8, wherein the
partial pressure of nitrogen gas during the sputtering in

forming said nonmagnetic coupling layer is set in the
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