xe3e. $$%d(~) P. 6. T. - 1 TITLE OF THE | NVENTI ON MAGNETI C RECORDI NG MEDI UM
AND MAGNETI C RECORDI NG REPRODUCI NG APPARATUS BACKGROUND OF T 5
The present invention relates to a magnetic recording nediun1ﬂ M“ﬁmwmmmmmm
t.g., a hard disk drive using the nagnetic recording technique, "and a
magneti c recording/ reproduci ng apparatus using the magnetic recordFWﬁ2
medium 10 To increase the recording denslity of a magnetic recording
medium it is inportant to maintain the ani sotropy of a magnetic recording
| ayer and at the same tine increase the recording resolution by i
the size of magnetic crystal grairng. oFSTHe devrgasent he size ofN@E@@mﬁmmmW“
grains in the magnetic recording |layer, various underlayers and ayers
are conventi omahGNETSEJREEORDENGNMEDIUMPANDPEAGNADPEN. KOKAI Publ i caPldn
No. 2002-197635 proposes a nmethod in which the surface 20 of a soft
magneti ¢ | ayer RESORRINGAREPROPUCONG| APBRRABKEdi zed, and an orientation
control |ayer having a face-centered cubic structure (fcc) or hexagonal
cl osest packed structure (hcpHCKERQUNR kel BHE t IRVENT HP¥ed surface to
decrease the grain size of this 25 orientation control |ayer, thereby

i mprovi ng the noi seTBRaPAEEERILSLNFSNSLOR FEdAEESc teGoM@idRGHi&yer formed on
it. - 2 Also, Jpn., Pat. Appln. KOKAI Publication No. 2Q002-26Q0207
proposes a met RBACFALRAI BRIGHNoEPENLSRI dR/ cEnBrol 2 BpaR éﬁﬁ%h%rlve

f tiall g body- t d .cubi t tic 5
Cnder| ayer i n” PRGNE: FBEL FRTSE LE260F oFSihdr hea BAAOR ( ABhONPRGRELE

under | ayer by oxidation,or_nitriding r asing g r.al n size of

t he nonnagnetiEeﬁﬁag%Pgénggﬁgthgg 8Pb§%ﬁ§§§eg%§5§é%g%d9% %Fgﬁgi formed on

t he orientatiogegﬁghgﬂb [ @¥%8hm .10 By these nmethods, crystal grains of the
er

nonmagneti c un ayer "and nmagnetic recording |layer can be growm finely to

a certahpp degree by Tésiing i@ PHd HdAbr@iing zreh Qe Yidf idechgrrdterd al as a
core. However, the degree of fineness cannot” be well 15 controlled. In
addi ti on, whenrthersihbasedafunt hetsaflt impgnretant ftol mMaintpdr itdld y or
conpletely oxidized or the orientation control filmis oxidized or
nitrided, the aniebtabipgnodf at hagoeitdnt aticordiont lalyer landdedr ades.
Therefore, although the grain size of 20 the orientation control |ayer
decreases, thesemeeftiaei dmcokaisiee thay eedoecdmgs nessdtitsfoacttyr y and wor se
than that of a layer not partially or conpletely oxidized or nitrided. As a
consequence, tRecgkasitgethst isdgec &indadpe tie IChYifiedv ¥ alzs Al so, Jpn.
Pat. Appl.n. KOKAlI Publication Ng. 2002- 133645 di scl oses a _ magnetic ,
recor di A§ medi 4R REFLEGSEn LR Sddendt ShY shifilc 952 Wohidyidts fagnetic

recording layer, various underlayers and seed layers
are conventionally used.
For example, Jpn. Pat. Appln. KOKAI Publication

No. 2002-197635 proposes a method in which the surface
20 of a soft magnetic layer is partially or completely

oxidized, and an orientation control layer having

a face-centered cubic structure (fcc) or hexagonal

closest packed structure (hcp) is stacked on the

oxidized surface to decrease the grain size of this
25 orientation control layer, thereby improving the

noise characteristics of a magnetic recording layer

formed on it.



-~ 3 ‘interlayer having a granular structure nmade up of nonmagnetic crystal
grains and a netal oxide or carbide surrounding the grains and a nmagnetic
recordi ng |layer having a granul ar structure nade up of 5 ferromagnetic
trystal grains and a netal oxide or carbide surrounding the grains are
stacked on a substrate. Unfortunately, granular-structure grains are
three-di nensionally dispersed in an oriengation 10 control | ayer.
Therefore, if this layer is used as a magnetic recording |ayer, the grains
are nore or |ess separated from each other to decrease saturation

magnet i zation Ms of A megie! imat esiNg REREr , Pt @st Sorconsequence the
output lowers. Also, since the 15 orientation is random the size of the
magneti c grai NNaTUA0 dze A0t ERsbdds e cemetinbdleg! amidh afrder to obtain
sufficient magnetic ani sotropy equal to a high recording density. This
undesi rabl y | owerissritiee ircec @roch trrgp 1d dresjetry . whAQ- FBRIHeFE StdviMARM. 1GF oiHled tNVENTI ON
The present invention has been nmade in consideration of the above
situation, and ahdds dand dradtcudbje st tustoitai bec Inepretd anateioor di ng

medi um capabl e of hi gh-density recording by increasing the 25 nedi um noi se
rati o an® r ecordidRy e it dhydideaateddt mf t ROV Aes dfordrgdtalayt ai ns of
a magnetic recording |layer and inpraoving the alignnent of - 4 the
grains. It is t SEEERETGS e tinstetife S é%yerﬂx%‘%%}'e’rﬁri AF t- tobtdine a

magneti ¢ recordi_.ng/ repropduci ng a r at capable o i gh-density recordin
bygusi Ing a nagﬂ%ﬁg‘cehﬁprc%&%‘%ﬂ%d‘%%rﬂur?%ﬂ Ir?'sg”ae rﬁ%ht%d?m%%telq ati oI agd

hi gh recordi ng Jnedscilllg
f

iQn._First, t resent, . nvention provides a magnetic
recordi ng nmedi um cha é;cet%era}nzde alyt cogfrp il%a}q{betal%&%oﬁa;tr&%s%eﬁrate, an

al i gnment contrgl,.| ]_rie%- | it EBC}WI%” t] ubstrate, having a
gr anul ar structurre eg&/o(r%{nailt%%g{a a%;clrén}t?erl a an?égf%ﬁs'ns di spersed in the

base matigrial, and hayitgese thdekess SPRLELer hamiher gF@en size of the
grains, and a nagnetic recording |layer formed on the alignnent 15 control

| ayer. Second, rddigndyrRseind ureiiid Wy Y it iIRdeid€ding layer

recordi ng/ reproduci ng apparatus characterized by conprising a nagnetic
recordi ng nmedi warmfbd Rerdvrt siingiwenttd an ady todirc adgrtse o Wi otted | C
substrate, an 20 alignnment control |ayer formed on the nonnagnetic
substrate, havipaytd arlandsirdiszedicimmel toointed materl dases mterial and
grains dispersed in the base material, and having a thickness smaller than
the grain size FswevRr gridisnglegire o hefjimaness esvrmthdvéBlyer forned on

the alignnment control_ layer, and a recording/reproduci ng head. Additi onal
obj ect s {and ad\cRRERRSL - t Mt addiriqny eft§hnthe |FubhEacRtof oFie $CE he

doscri pti on, oM AREFHS | SHhGEE B Bt e bro e 1 Sh oI 4TS D) ect s
and advant ages the 5 inventi Ry be. realized. and obt ai ned b ans of
the instrunmentali¥ iée&gle}nﬂaﬁélo#t‘)i n%tll onls %lafrxil ?%%I%’flr@lzb%gn?recf”otfﬁlgegfe

ner ei naf ter . - BRUEF DESCR A} N OF BHE SEVERAL: M,EV6s S, JTE: PRAVY NG The

acconpanyi ng draw ngs are incorporated
degrades. Therefore, although the grain size of

20 the orientation control layer decreases, the
orientation of the layer becomes unsatisfactory and
worse than that of a layer not partially or completely
oxidized or nitrided. As a consequence, the
characteristics cannot be well improved.

25 Also, Jpn. Pat. Appln. KOKAI Publication
No. 2002-133645 discloses a magnetic recording medium

having an arrangement in which a nonmagnetic



10 in and constitute a part of the specification, illustrate presently
enbodi nents of the invention and, together with the general description

gi ven above and the detail ed description of the enbodi nents given bel ow,
serve to explain the principles of the 15 invention. FIG 1 is a schematic
sectional view showing the first exanple of a magnetic recordi ng medi um of
the present invention; FIG 2 is a schemai c-sectional view show ng the 20
second exanpl e of the magnetic recordi ng nmedi um of the present invention;
FIG 3 is a schematic sectional view showing the third exanple of the
magneti ¢ recor difimedidmifvihe Presantl dnvepthOirdnddE ud 68 a
schematic sectional view show ng the fourth exanple of the nagnetic
recordi ng medi worafade if esepdtANV@rd i, and -a e G odide arpartially
expl oded perspective view show ng an exanple of a magnetic

recordi ng/ r epr atirb inde appar@inding tie qresentandvenagnettG 6 is a
schematic sectional view showing the 5 fifth exanple of the magnetic
recordi ng nedi ueafrdirey pragenthanimnta oy afl;r 7stsuatscaenadée cusecfi ona
view showi ng the first exanple of a conventional nagnetic recording nmedium
10 FIG & is a fmdemagnsf show vigtaheypt bnarand raceefal opxadeofe- BN
underlayer; FIG 9 js a schematjc sectional view show ng _the sixth exanple
of the magneti CFHRARi HFIRHIR S thheI PR EITMIE nveREkeR; 015 FIG 10 is a
schemati c sectional view show ng the second exanpl e of the conventional
magnetic recor dt MPRREHR FIG 11 is a schematic sectional view show ng

th th e of .th ti di dj f 20 th t
nvent i on; and FI G U3T75C WARCRERAt FETSBETF oRGF LFUOF SHBRFRS ERE thi rd

exanpl e of the jﬁiﬁgﬁg%g@gff [ %éﬁggég%Pgnngﬂi§ﬂ%eg%g€£5 D DESCRI PTI ON

OF THE | NVENTI A magneti c recor ( um o présent invention
includes; @ nonragnetd L Sast! alfne ABrOFE ENLATERDs CORGER! 1 kaygE4f g5med on

t he nonmagnetic

a magnetic recording layer, the grains are more or
less separated from each other to decrease saturation
magnetization Ms of the magnetic recording layer, and
as a consedquence the output lowers. Also, since the.

15 orientation is random, the size of the magnetic grains
must be increased to a certain degree in order to
obtain sufficient magnetic anisotropy equal to a high
recording density. This undesirably lowers the
recording density.

20 BRIEF SUMMARY OF THE INVENTION

The present invention has been made in

consideration of the above situation, and has as its
first object to obtain a magnetic recording medium
capable of high-density recording by increasing the

25 medium noise ratio and recording resolution by
decreasing the size of crystal grains of a magnetic

recording layer and improving the alignment of



~ ~ substrate, and a nmagnetic recording |layer formed on the orientation
control layer. This orientation control |ayer has a granular structure
containing a base material and grains nade of a Co-Fe-based 5 all oy and

di spersed in the base material, and has a thickness snmaller than the grain
size of the grains. In the present invention, the thickness of the
orientation control layer is smaller than4gthe grain size of the grains in
the granul ar structure. This 10 prevents the grains frombeing buried in
the base material on the surface of the orientation control |ayer.
Accordingly, theeOrir@ntation control layer surface can maintain the state
in which grains having a predeterm ned size and surrounded by the base 15
material are wel | dimpersethe Bdconmkasjddt possity eidsdlecraasent ien si ze of
crystal grains in a layer which grows close to the orientation control

| ayer. Especi aldoy obiterinCa imad@@ taic rercarmiiend /v eprCaivea-ripsagpbatdtnys there
is a conposition ratio which is the 20 boundary between a face-centered
cubi ¢ struct ur eagad Ueexdydriath-clegsddty paskedligty duot wrss.ndrisenagred tisc havi ng
the cl osest packed structure are easily formed in this case. Also, in the
present iBnvent ifGEonH@ DRSS it HEEINDH FL dthavegHanuingise rakie é¥d | m as
the orientation control |agyer can be nmade of a n|tr|de or carbide. If a
granul ar - st r uctir® qucrﬁr\ﬁrid’éib 18 Ut Y+ al i s _ made of an oxide is
used as the orlentate]%:]t r;ctro | ayer, the oxygen |n 1(2 base rraterlal
often adversely aff %Stt'h I?torr”b‘ferg'? IRFOG AT Hs? TR ar ge

i nfl uence on orjentat.i on co troI the 9 ientation control |ayer, a

magneti c recor(ﬁencg?rl q‘rbar% R,y ot° Wﬁ o a]rp%naﬂerl ayer or the

like. By thus fg g ]%ng n I r granul ar
structure, it |grga055|e{)4iec cfraateﬂaege erglsfgz eq?/ cry ﬁ%r ains in the
magnet| Q of ecor cidygnd AV tﬁr{'@ ﬂdﬂaﬁ%ﬁﬂé sQIB/ssﬂtxaalté)r 'k?fmﬂ{doé' rTé'&'xélar

i ncreases the recording resolution and medi um noi se rati o, and makes

hi gh-density repontitig-d easitdhilpte dad rdeenid el i @acent rol |ayer
granul ar 15 structure used in the present invention is the state in which
when the pl ane difsgdrsent iianttdid asonidtdriayerand sty e, thhekibase

mat eri al surrounds the grains, and these base nmaterial and grains do not
substantial | y fswrahleny Soin disolanadion. s20 Asf tttee agraimsat iammd cantrol | ayer,
a weak magnetic filmor nonmagnetic filmcan be used. Wen these filns are
used, the magnatdanetdocnrrrerrdiayerlavenl Sopmrad westmiskigynentect ronagneti c
conversion. The weak magnetic filmhas a saturation 25 nmagnetization of 400
enu/ cc o | ess,CPrEfer AR¥LL10 to 100 enu/cc, and a coercive force of 8

KA/ mor |ess, preferabl 0.04 to 0.8 KAlm Saturation, ,
magneti zati on gxceed?%ﬁgﬁﬁo %/%ﬁe%‘???enl%?régl%gﬂ’é?Yidd?Fo% BrIpRELC

e ) ST ISR ASRRLEL R, e SXGECAIG, Brlp mathgn produces

medi um noi se. n one used He-orten on contr ol
| ayer can have Ay Iegﬂgéa gral e P g.p AN PUE
enbodi nents, 3 to ﬁ/ A gra néﬁsll'zze %r e?%en?#%%gdo?s aseg upon an

i mge of a grai {h\%{@iéﬁ%ﬂm e Pl 888 Ofnénhd et Sc0bsBEVeEte, an

20 alignment control layer formed on the nonmagnetic
substrate, having a granular structure containing a
base material and grains dispersed in the base
material, and having a thickness smaller than the
grain size of the grains, and a magnetic recording

25 layer formed on the alignment control layer, and a
recording/reproducing head.

Additional objects and advantages of the



10 When grains falling within this range are used, the grain size of the
magneti c recording | ayer can be well decreased. However, if the grain size
of the grains is less than 3 nm the grains in the nmagnetic |ayer becone
too fine, and this often makes recordi ng 15 magneti zation unstable. If the
grain size exceeds 10 nm the grains in the nmagnetic |ayer becone too
coarse, and this often causes magnetizatign transition noise. In one

enbodi ment of the present invention, as 20 the grains used in the
orientation control layer, it is possible to use at |east one type sel ected
from e.g., FeintRnthNon GillRwe Bet MortW iandnRe.deERe-iwta of wWHiese
materials is advantageous to control the perpendicular orientation, i.e.,
the (002)-face £33 1ekisentald ah @ardt Ga-lnaged i idrsmmiingh i s pronising
as the material of a perpendicular recording |ayer. In sonme enbodi ments, it
is possible todeserRption, B mdy, Weo-lervrrdel bl prRAt@iceNiola,tHeopt, CoB
CoRu, CoCr, CoCrMp, CoCrW and CoCrPt. As the base material used in the
orientation connwventiayer, Ther odXaunise aml aueraertegdisTerft ,the is 5 possible
to use at | east one type selected fromSi, B, Zr, Ta, Al, C, C and their
car bi desSand niltwiegds onExgiplioes refaldgas wad obdadhedhdwymsans @fd ese
materials are CoFe-C, CoFe-BN, CoFe-TaN, CoFe-ZrN, CoFe-TaC, CoFe-B4C,
CoFe- Cr N, CoFelRsNrymentalptimyg angl mompina thons gagsicrd@ript - B4C, Pt-CrN,
and Pt - ALN. Mhen,tQ§$e g&gg%patio are used, fine high-density netal
grains can be WOHTE%H L ®%orming any solid solution with the

Gore- Tac can be 58 SFn-CoRe CNb, REH o= /CoRe. B Uin Be (el HHLGe base
above. ent  oned. orai T W CHGH- BEgIadi g FRE or ! GNTAcT on B PHEH 8 hs. 20
The preggnt inqugﬂa1égﬂgtﬂ%%ﬁgﬁgﬁggyﬁjdp e fletiadil el with reference

to the acconpanyi ng draw ng. F i's @ schemat1c sectional” view showi ng

the first examlia @t e HARING J GAH AGHRIiIdMafe they i e S/,

i nventi on.

together with the general description given above and
the detailed description of the embodiments given
below, serve to explain the principles of the

15 - invention.

FIG. 1 is a schematic sectional view showing the
first example of a magnetic recording medium of the
present invention;

FIG. 2 is a schematic sectional view showing the

20 second example of the magnetic recording medium of the
present invention;

FIG. 3 is a schematic sectional view showing the
third example of the magnetic recording medium of the
present invention;

25 FIG. 4 is a schematic sectional view showing the
fourth example of the magnetic recording medium of the

present invention;



As shown in FIG 1, a magnetic recording nedium 10 has an arrangenent in
whi ch a soft magnetic - 11 layer 2, an orientation control |ayer 3
havi ng a granul ar structure which contains grains and a base nateri al
surrounding the grains, and a magnetic recording |ayer 4 are stacked in
this order on 5 a substrate 1. For exanple in one enbodi ment, of the |ayers
adj acent to the orientation control |ayerg the |ayer positioned on a side
away fromthe substrate can contain an elenment the content of which is
| argest of 10 all elenents contained in the grains. This is so because the
orientation of the grigntzatipn qoYiRll lnyaplsideatdspddansd efie@d to an
adj acent | ayer grown on it. As this adjacent layer, it is possible to
apply, e.g., asmegheld an esengilrg dfayemagndttis keavndeEr@imiproadicing
particularly effective to inprove the perpendicular orientation of the
adj acent | ayer applaGat2is ©fa tdehemssantsdctvianrialonsi ew showi ng t he second
exanpl e of the magnetic recordi ng nedi um of the present invention. 20 As
shown in FIG 2, a rilghetd ¢l ecordiens tiedisee2iomals wiewrskewenentheén whi ch
a soft magnetic layer 2, an orientation control layer 3 having a granul ar
structur® whi cHiddi &xsrgraaiafs Hred e deede gratastazd ind mesiiat f tHee gr ai ns,
an underl ayer 5, and 25 a magnetic recording |layer 4 are stacked in this
order on a sub&Lessdh ingenthieNiayers adjacent to the orientation control

- 12 | , dj t |, iti d th bst r at id f bl
has one of a hexagoraC ol boetts PHORGHE St (AT M ¥ 508 TARE P et CBbi ¢

structure as a closest ed crystal structur i.S: 1S i cularly
effective to i n]%rros\skce mag&(&lér &et?lo%/c%q%a‘?e%})éjiog}ﬁ aﬁ?a éo l%n%‘%%@?ﬁ%@er

adj acent to thqmégﬂdﬁptation control layer. As this one adjacent |ayer, a
seed | ayer can be applied. FIGS. 3 and 4 are schematic sectional views 10
showi ng jtche third angrdougts exapRies. vi&sPeRw Ve Yen&f pi Agapmgnetic
recordi ng medi um of the present invention. As shown in %4(5 3, a magnetic
recordi ng nedi HaRkhase Af o r@gsm0tundemigdr 2 soft magnetic 15 layer 2
a seed layer 6 having a closest packed crystal structure, an orientation
control layer 3 havinpGa 9rasnui agclsémaict ¢ir eewbl chatoni avnshgwanhgsthad a
base material surrounding the grains, and a nmagnetic recording |ayer 4 are
st acked i n thi ssiortderexoam@ie oK utist mreendt i Asratonding med&G ur, of thgnetic
recordi ng medium 40 has an arrangenent in which a soft magnetic layer 2, a
seed | ayer 6 haserpnt civgstiguacked crystal structure, an orientation
control |ayer 3 25 having a granular structure which contains grains and a
base natletial surrouht? ngl? hES gt af FReMAR GndeFFA9epl sVigHdshonagHethe
recording |layer 4 ar stackﬁd %f - 13 this orger on €.substra&e 1. In
one enbodi ment , S§HPYrEFHP LSt i W NV TR FEFoRINETHE FEGRFAERA have
an aver age graumeg'&f,snaller than that of the crystal grains in the 5

| ayer having the Closest packed crystal structure.

FIG. 11 is a schematic sectional view showing the
seventh example of the magnetic recording medium of
20 the present invention; and
FIG. 12 is a schematic sectional view showing the
third example of the conventional magnetic recording
medium.
DETAILED DESCRIPTION OF THE INVENTION
25 A magnetic recording medium of the present
invention includes a nonmagnetic substrate, an

orientation control layer formed on the nonmagnetic



VWhen the cl osest packed structure and fine grains as described above are
used, the grain size of crystal grains in a |layer grown on the orientation
control layer further decreases, and this inproves the crystal 10
orientation, particularly, the perpendicular orientation. The grain size of
the | ayer having the closest packed crystal structure can be |arger than
that of the grains in the granular stracture- In one enbodinent, it is
possi ble to choose a grain size by 15 which better orientation can be
obt ai ned. Exanples of the material of the magnetic recording |ayer used in
the present inyepkt@Ataleafa- & maGlellic Cecthrdfhg @@F@f Porkeqa eo- Cr-Pt-0
and Co-Cr-Pt-Ta-B. 20 In the present invention, the [ayer having the

granul ar structheeotdesartibbednabovie rod flakeed aghtilse oefike@mbatioan control

| ayer. Therefore, even when a general CoCrPt-based magnetic |layer is fornmed
as a perpendi cebatrpigietee hesordigmgniudper sttriietommgnebntahigrai ns are
separated into fine grains. This nmakes it possible to obtain a high-output,
| ow- noi se nedi enbhaei ngteatliedf acdodirlaynfsi mader pét al Cgr-dienbased - 14
sufficient magnetization equivalent to those of a CoCrPt-Si02-based

magnet i c2l ayer akdoWnand péaspersed e mibghbasesmekerda@drdighg h@smpared to
this CoCrPt-Si 02-based nmagneti¢c | ayer, the CoCrPt-based 5 magnetic | ayer
has the advant 8g&PiREPesHe SEAtLdLEt itER P NEGRe OBl & Z8s Ofi Jheadradssa

sufficient output can easi | bt.ai ned., Wen .t he magnetic r r di ng
nedi um of the pr ese?.l'tn it%?ﬁ\?eme&)r/?“%a&né’ erdi grhﬁ?g‘dﬁésl é’f&g@r di ng 10
| ayer, a soft neti ¢.layer can.be _faormed bhetween this r pendi.cul ar
mgneti o 1 ecor APAG AT TAGa R e UBYEracs, TRANSE SOR: MAGhERriT ayer

havi ng hi gh ”a%g?ei & PeLIEANI LY ;irS é:fh%”ﬁ%% 3 230-:G3hdq ¢ doublgrlayered 15

per pendi cul ar di'um having a perpen |cular?#hgnet|c recordi ng ayer on
this sofp wagn?tfe%eh%ertwes RRlidNgGon Belifis HQURIL-iayees e pendi cul ar
medi um the soft magnetic | ayer performs part of the function of a magnetic

head, i.e., homiazertiall yrpassesudadee Jreatiedidid emanaldnt ddredrdif rom a
magneti c head, e.g., a single pole head for magnetizing the perpendi cul ar

magneti c recor diaygr.ayéccoad ngatyyr h et e ireetatdiong ceagiretli daviedd d to the
magneti c head. That is, the soft nagnetic field applies a steep 25
sufficient perperdiece arnmagrhettiadnf itdled stt@ tehe et gredeer diawgdayer,
thereby increasing the recording/reproduction efficiency. - 15 As the
soft magnetic RaPEedgtermines sdgs Bing tspinreaindszr Ky, theCdBsereCoN, FeTaC,
FeTaN, FeNi, and FeAl Si, each of which has a high saturation magnetic fl ux
densityland faPétaBlielsgre mediedicreraest-actiddissmades it RRAXIE a bi as

application | ayer such as a_l ongitudinal hard nmagnetic film or
ant i f er r omagnetic GRS EN BE fsg'rzr?ec?fbé:ﬁk@&ﬁqt Iﬂ,}%sld‘fst THagnetd¥ey ayer and

st e B BUIE A B SR, e e, ane
wal I can be  ggpecially when Co is 90 at$ or more in a Co-Fe-based
alloy, there is a composition ratio which is the
20 boundary between a face-centered cubic structure and
hexagonal closest packed structure. Fine grains
having the closest packed structure are easily formed
in this case.
Also, in the present invention, the base material
25 of the granular-structure film as the orientation

control layer can be made of a nitride or carbide.

If a granular-structure film whose base material is



prevented by applying a magnetic field in one direction of the radial
direction of the bias application |ayer, thereby applying a bias nmagnetic
15 field to the soft magnetic | ayer formed on the bias application |ayer.

tt is also possible to give the bias application |ayer a stacked structure
to finely disperse the anisotropy and make a | arge magnetic domain
difficult to form 20 Exanples of the bias application |ayer naterial are
CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtTaNd, CoSm Copt, CoPtO, CoPtCrQ

Copt-Si 02, CoCrPt-Si02, and CoCrPt O Si 02. The magnetic recordi ng |ayer,
soft magnetic Radkayer anbbasdapplsi eakidon sl ayer orare tediiicdUsodrent at i on
control |ayers such as an underlayer and seed | ayer usable in the magnetic
recordi ng nedi eyet,t haeppayerh in- the bameenistemriadn ofetest acked dalyor der
by using the conventional sputtering technique such as DC sputtering

met hod, RF sputtféeicig mrkehodiendrtbeamospytrteenilag metaiod, haaporg depositi on
nmet hod. In one 5 enbodi nent, the DC sputtering nethod can be al so used for
form ng orient dpirge dodtluenceaper sricndediliog tcondrednponent such as a
carbon or a conposition of abase material. Al though a conventional _
sputteri Ag met hod né®n ddien@rd epdratdmenhtcardgindt s ded maonefeld0 back of a
target can be used, in one enbodinent, it is suitahle to use a magnetron
sputtering met KEEORPLRJULRNGTs el R &Rt CLresidy BovilddedTbn the back

of a target. A gas flow pressure.qf an iner as. can be 0.1 to 15 10 Pa in
a sputtering cblﬁgiletrilélﬁ(efroprf% g %ee & éﬁ’[ iTOTTEEH% 19 i ng | ayer and

the magnetic regqr it%gi:p?%\%%ntlrtolt q_%cl;erl %atQ%ﬁ]%] ftfhiec,tan ard -acfause el ectrical

di scharge when the ga pressure-i’s no I"gher an Pa. These

l'ayers tend tos‘%"r‘ﬁ%%r%@ nenyny fp%rrs’Bi‘MlE‘é‘ A ed8% Jd LPWHY €SS & # S not | ower

than 10 Pa. A gas flow pressure of an inert gas can be 0.1 to 1.0 Pain a

sputterhg condirisen f on-ofifsming t%é?iégﬂ@cﬂ'@tﬂébd@i%{g By dndgrd ayer, and
a protective layér. 2571t tends to be difficult to cause €l ectrical

di scharge when ifpeo3@s iftlsOWryessuiiehtiati JH ghem thahdkca fas dhese
| ayers tend to becone | oose and - 17 crystallizabilities of the |ayers
tend to be det efdcorratied wee ltite qasardd ewdines siviesd satnito ] cwed nidless 1. O
Pa. Al so, the above | ayers can be forned on one or 5 both of the two
surfaces of théaisbbsenstidcy Heeommst ifeasdddradi ng/ r epr oduci ng appar at us of
the present invention has the magnetic recording nmedi um described_ above,
and a recordi ng headlote that the orientation control layer granular
15 structure used in the present invention is the state
in which when the plane of the orientation control
layer is observed, the base material surrounds the
grains, and these base material and grains do not
substantially form any solid solution.
20 As the orientation control layer, a weak magnetic
film or nonmagnetic film can be used. When these
films are used, the magnetic recording layer hardly
produces noise by electromagnetic conversion.
The weak magnetic film has a saturation
25 magnetization of 400 emu/cc or less, preferably,

10 to 100 emu/cc, and a coercive force of 8 kA/m or

less, preferably, 0.04 to 0.8 kA/m. Saturation



r-epr oduci ng head, or recording/reproduci ng conposite 10 head. In the

per pendi cul ar magnetic recording system a single pole head, for exanple,
can be used as the recording head. In the |ongitudinal magnetic recording
system a 15 ring head, for exanple, can be used as the recordi ng head.
FIG 5 is a partially exploded perspective view showi ng an exanple of the
magneti c recordi ng/ reproduci ng apparatds of the present 20 invention. A
rigid magnetic disk 121 for recording information according to the present
invention is fitted on a spindle 122 and rotated at a predeterm ned

rotational speeddetd ;iG] @B irdato s W) ZxtArsIndeds 123 nounting a
singl e pole recording head for accessing the magnetic disk 121 to record

i nformati on anchaahd¥R Zaddf @f e etipidig d Mfprembirstdisleaat tached - 18
to the end portion of a suspension 124 which is a thin |eaf spring. The
suspensi on 124 A scezommiect €ibdae eneemtiimgf SarkfeimmdfAferhauiodyces g., a bobbin
whi ch holds a driving coil (not shown). 5 A voice coil notor 126 as a kind
of a linear notmdiuwn atdtizshed to the other end of the arm 125. The voice
coil motor 126 includes the driving coil (not shown) wound around the
bobbi n of° the arm 1728 <l enbr@iednte cIFzing WeRA np athperemhenta ket i c
and 10 counter yoke opposing each other on the two sjdes, of the driving
coil. The arm E2GR0hdlayedy I/ IRaERrdThge §iste D) Frserf i 10 17, upper

and | ower portions of a fixed shaft 127, and pivoted hy. the vaojce cpi
notor 126. Io15 'Prifatslqsss,' t"‘méi(ﬁﬂki%c?% M 5 er 153 %91 he gt di sk

121 is controlled b theiﬁ’%ilecn iCOOrilel gj?st‘egg%%ezc?h%f%er{ eJ enﬁgagémz)efal 128 in

FIG 5 denotes &35 d*¢%s" ™ Heans 1@ irst Tnvention, the 20

base materi al Cé)rljﬂir}?_tfrlstalﬁ‘?é& ‘&f@?r@{eer'falné%fca& &l 11 O 14)es GE-PLIR.

consi sting of boron, silicon, tantalum romum alumnum zirconium and

nitrides gand cambérgefratiheg epd11ie Wpase Aetiel d atahad td Lol @gdy, copéai ns at
a

| east 25 one materi selected fromthe group consisting of BN, TaN, Ta2N,
ZrN, CGN, C2NgS3NsidaGr 4Ke Bdne AN, rédsirding raddr can be well

decreased. However, 1f the grain size of the grains
is less than 3 nm, the grains in the magnetic layer
become too fine, and this often makes recording

15 magnetization unstable. If the grain size exceeds
10 nm, the grains in the magnetic layer become too
coarse, and this often causes magnetization transition
noise.

In one embodiment of the present invention, as

20 the grains used in the orientation control layer, it
is possible to use at least one type selected from,
e.g., Fe, Co, Ni, Cr, Ru, Pt, Mo, W, and Re. The use
of these materials is advantageous to control the
perpendicular orientation, i.e., the (002)-face

25 orientation of a Co—bésed alloy film which is
promising as the material of a perpendicular recording

layer. In some embodiments, it is possible to use Pt,



Al so, the orientation control layer is a nonmagnetic |ayer or a weak
magneti c | ayer having a saturation magnetization of 400 enu/cc or |ess and
a coercive force of 8 kAAmor less. 5 The grains formng this orientation
control |ayer contain at |east one material selected fromthe group
consisting of iron, cobalt, rhenium platinum nickel, tantalum chrom um
nol ybdenum tungsten, boron, and rutheniua }0 As a desirabl e conbination,
the grains formng the orientation control |ayer contain at |east one
material selected fromthe group consisting of Pt, Ru, Co-Fe, Re, Ti,
Ru-Cr, Ni-Ta, €qr,Pco-8e,BReCOTRY, RGN NiGer,Crott, @oa(r QbR\BNEdee,Cr - Pt .
15 In particular, the grains are nade of a Co-Fe alloy and contain 80 at%
or nore of Co. CbloeMgr, aiCes riwgvanahn Cavarpage grain size of 10 nmor less. O
the | ayers adjacent to the orientation control 20 | ayer, the |ayer
positioned on a si dédsawde fhaem tnied esilsslt netesd ciontt@iensontien tredti iorconponent

el ement of the grains. O the l|layers adjacent to the orientation control

| ayer, the | ayeonsasilt ileved of athexagipste dite ofied sl 12@rd /hdxadahal

cl osest packed structure or face-centered cubic structure as a cl osest
packed cPystal PoSsidtlgr &0 use 26 1BaAsddidtents’Prhe f5afertio®mi || be
described in detail_ bel qw by way of jts enbodinents. Enpodinent 1 5 In
Enbodi ment 1 offfrhd 3pr ntcxéi'n n&h¢h, theie quz:gl EFo e i S vacuum

chanber so evacuat ed, t hat thea%/acu mdet[gjlr ee \N:i thrig%her than 3 10-5 Pa. A

Co- 6at 0Zr - | Cat ~Nb t%ﬁbaé[lp]aeer Y o F Y1 Us s EubstFate A werE Opposed

in the vacuum r.Jd 0 |s va X y. a > plied to
Ghanel so_%éé'ep é;fo'%'e LD GRAM B /&"afbgr frceo‘(’jteeznz%tfﬁ

mai ntain a pressure o and ‘di scharg€ was per e

Co- 6at oZr - | Cat @gqaet_qraggt @Fe%%@gge%@{%gggﬁbkgﬁmﬂg aPtZ-QO,' npptdi ck CoZr Nb

soft magnetic | ayer on the non ass substrate by sputtering. 15 In

addi tiong this pridshy,ate onwhish i, 448 48s Foomd wasi apposag, to a
Co-1Cat%-e target. Ar gas was supplied to naintain a pressure of 0.5 Pa,
and di scharge wasrpeHe¥dretbradindE o)W s ddr niin S-HingH-tderks Ry seed

| ayer on the CoZrNb soft magnetic |ayer 20 by sputtering. The resultant
substrate was oppededyradres Cafre-RN warlgeti st rad vk dviiyh eevte nf ormd g recny

Co-1 Cat%-e grains and BN grains at a volune ratio of CoFe . BN =1 . 3, and
sintering the rAodtig esolAtigas viddsh silpplhask et imlintain a pressure of 1.0
Pa, and di scharge was perfornmed at RF 1,000 Wto forma_3-nmthick CoFe-BN
ori entation control Iaydie dinkedingnederfayRY, byeFe=Tal, GpFRTEFYng.
Subsequeghly, thicf substrate wa ogg{)ﬁscgd to a Co-l18atsCr-|15atoPt target. Ar
gas was Suppl i &% FE ek P fi%e -of 2.0 Pa, and a 12-nmthick 5

o0 P per pendt cularyfo£t 1 00, LSt 0ee 9K B8 OBk, Gifga BN ort entat on

These base materials have the advantage that they
separate and downsize the above-mentioned grains
without degrading the orientation of the grains.

20 The present invention will be described in more
detail below with reference to the accompanying
drawing.

FIG. 1 is a schematic sectional view showing the

first example of the magnetic recording medium of the

25 present invention.

As shown in FIG. 1, a magnetic recording

medium 10 has an arrangement in which a soft magnetic



Finally, the substrate was opposed to a C target. Ar gas was supplied to

mai ntain a pressure of 0.5 Pa, 10 and di scharge was perfornmed at DC 1,000 W
to forma 7-nmthick C protective |ayer on the CoCrPt perpendicul ar
recording |layer by sputtering. After all the filmfornmation steps were
conplete, the C protective |ayer was coated with a 13-~ thick 15 PFPE
(Perfluoro Pol yether) lubricating agent hy dipping, thereby obtaining a
mediumA. FIG 6 is a schematic sectional view show ng the arrangenent of

t he obtai ned medium A of the present invention. 20 As shown in FIG 6, the

medi um A has apnagekapgegBnbriBnvAkeBnacopZrhb safbrmagnatiied ayer 12, Ru
seed | ayer 13, CoFe-BN orientation control |ayer 14, CoCrPt perpendicul ar

recording | ayes &banGlprokeetit¥arkaynt chbcoandihebgiraahisngnkdayebalsrot
shown) 25 are stacked in this order on a substrate 11. Also, a CoFe-BN film
was fornmed on mabheniagnstireoghdisgsthst yaténby wsadng aagakeiBN t arget under
t he - 22 sane conditions as for the CoFe-BN orientation control |ayer
descri bed aboveecbndaddi Legar €@obBrzeBNthickedsanpltbd swerdefroomed in t he sane
manner as above except that the filmthickness was variously changed. 5 The
pl anar sPruct uResebsiratamithi ck CoFe-BN fil m sanpl e was observed by a TEM
(Transm ssion Electron M croscope) at a magnification of X1,000,000. FIG 8
is a model view shoWiChg SEREPHCaARr O5Er §ERREE TSRty he Icdhe: BRYSYSm sanpl e. 10
In FIG 8,, reference_n nergl 17 .denot es CoFe %riigs and 1%5 3 BN base
material . As sROMACPRTFEE T8E PRACPILARAPISCPOLEO e IRYSTa PEndiBd e st ruct ure

in which the CgFe.grains about 8dnn1in d%anet% wer iLspersed at intervals
of about 15 2 RAFARGOPRE BN BaSeSHafrval2uls tHFeSERe TR Sn& 0t ai n boundar y

50 as to surrougd:Coke. Wig,LRe ChLMLELEkRCSS gf e (e BN Sy Igp sanpl e

was | arger than the average grain size o € grains, the nu r of
CoFe grapns expeseditRehR®® contained in the grains. This is so

because the orientation of the orientation control
layer is readily transferred to an adjacent layer
grown on it. As this adjacent layer, it is possible
to apply, e.g., a magnetic recording layer or its

15 underlayer. This is particularly effective to improve
the perpendicular orientation of the adjacent layer.

FIG. 2 1is a schematic sectional view showing the

second example of the magnetic recording medium of the
present invention.

20 As shown in FIG. 2, a magnetic recording
medium 20 has an arrangement in which a soft magnetic
layer 2, an orientation control layer 3 having
a granular structure which contains grains and a base
material surrounding the grains, an underlayer 5, and

25 a magnetic recording layer 4 are stacked in this order
on a substrate 1.

Of the layers adjacent to the orientation control



20 surface was small. This is presumably because the base material covered
"the CoFe grains. Also, the grain size was nonuni form The CoFe-BN film
sanple was then cut into a square piece of 1 cmside, and the magnetostatic
25 characteristics of the sanple were neasured by applying a maxi num
external magnetic field of 8 kAAmby using a VSM (Vi brating Sanpl e

Magnet onet er) . - 23 Consequently, satdRation nagneti zation Ms was about
85 enu/cc, and a coercive force He was about 780 A/m indicating that the
sanpl e was weakly magnetic. Furthernore, a sanple was formed by formng 5 a
CoZrNb soft magagéi¢ bhkmuandcBHtseedekraperietionedubst theestibktontag t he
sane procedures as for the nedium A except that none of a CoFe-BN
orientation costdel prayerabToChkt paepefidechkangonaghetiiosestopdickgdl ayer, C
protective layer, and lubricating |ayer was 10 fornmed. The crystallinity of
t he obt ai ned Retseetiurayendséapkecentserhdckubibysgnuxtpnag dsffraction

met hod. As a consequence, a peak indicating the orientation of (002) faces
of Ru havi ng a2héxagefrsl perbsdscrygatrédss§rpgEtice appésdr é8. When the pl anar
15 structure of this Ru seed | ayer was observed wth the Tgw%u;he aver age

grain si2e of PREL4FHIASLIYr efAECRIVEeER FRPEPVS W€ POTRAPARRUAAdi tion, a
sanple was forned by formng a rNb._soft netic fil Ru seed | ayer,
CoFe- BN 20 oriEHPSP¥GF;EBnPEanSE§EF,lﬁﬁﬁrcgggﬁFeB§r58ngh8ular magneti c
recordi ng |layer_on ubstrate follLowi ng the me procedur s for the
medi um A excep?rfﬁagaﬁéPPthngreipggyggfivgsli@é? ﬁgf Sgﬁﬁggpgating | ayer
was fornmed. Th aﬁ%¥5t§|EEQEtX ggrt@%nOBEa%§§Qi CrPt 25 perpendi cul ar
magnetic recordrng layer saon was checked by the X-ray diffraction

method. As a conseqyaree, i heSaRhe K RPEINAl Flaseslewpacked - 24
crystal structure, and (002) faces were strongly oriented. When the pl anar

structurg of tBhswEag RhepehReadiagld EFourtenikiatplRe)r teldelcay & 14GS
observed with the TEM the average grain size of the grains was 5 6 nm
Thi s denonst r abés thkeamalghe tiicne esbrddhgr eveali uhe fCahe- BXearenent at i on
control |ayer also gave the CoCrPt perpendi cul ar magnetic recording |ayer a
fine structurein¥@nthennagnetostatic characteristics of the recording | ayer
of the obtained nmedium A were neasured by applying a maxi rum nmagnetic field
of 1,500 kA/ m by usifsg shorer rireffléot 3vagnetaanatdas edestiingppar at us. Tabl e
1 (to be presented later) shows a coercive force 15 Hc, squareness ratio
Rs, and nucl eafiegiduf 8l0d higs bt airkedgenesd, ia mhwchest d on the
medium A_ by witing a signal by usin si,ngl e pql e head and readi ng out a
si gnal By usinéaéﬁrwﬁ'héaéﬁeﬁaﬁﬁéef %O ey ﬁn&iﬂﬁﬂé&jﬂﬁéh?% shows t he
val ues of SNRm__overwrite characteristi.c, .and dPW bt.ai,ned. e

measur ement s Wer S%’é’ﬂ STEs TyESint ia(g’h,Ol]l.e,@t,ar)céoglacﬁog\tq:ﬁ&sthaS’geﬁ of the disk
at 4,200 rpm Sgﬁrg ngdi JAldP j4 gt% v t he
difference b va%tygég ic. . n?r%fﬁrrrum ﬁ;ﬁé\l %dues&g%t%aﬁ%j e lggg nm by
rotating is a valebeiMean Neak ARhAINed Bhe grains, and a magnetic

recording layer 4 are stacked in this order on

20 a substrate 1.

As shown in FIG. 4, a magnetic recording

medium 40 has an arrangement in which a soft magnetic
layer 2, a seed layer 6 having a closest packed
crystal structure, an orientation control layer 3

25 having a granular structure which contains grains and
a base material surrounding the grains, an underlayer

5, and a magnetic recording layer 4 are stacked in



- 25 one magnetization reversal of a 10-kFCl solitary waveform Nm of SNRm
is the value of rnms (root nean square-inches) at 400 kFCl. The overwite
characteristic indicates the ratio of a signal output 5 before overwiting
to a remaining signal output after overwiting when a 552-kFCl signal was
witten after a 46-kFCl recording signal was witten. The hal f-w dth dPWs0
of a magnetization reversal portion, which3indicates the resolution
characteristic is a 10 width (nm by which an output difference (nV)

obtai ned by differentiation before and after reversal in the nmagnetization
reversal portiahwso=i®e Jdbhe saumsefiests. were obtai ned when Ru, Re, RuCr
alloy, NiTa alloy, Copt alloy, CoB alloy, CoRu alloy, 15 CoCr alloy, CoCrM
all oy, and the |ike mwerenesefoesinéet grehasgpiihbBeusedephathen control

| ayer, and TaN, ZrN, TaC, ZrC, B4C, CN, Si 3N, AIN, C, and the like were
used as the baserimiwatidn ddstrol hkagemecaf flests as aveFavedyrmenh 1 of the
20 present invention were obtained when a 5-nmthick CoFe seed | ayer which
had a face-centsrzel subl kestthat utkatandf i thehiéchstal19rétwesinetbeori ent ed
was forned, instead of the Ru seed |ayer 13, by using a Co-|Oat%e target.
25 In the preserayshvietinm Bke dekesededradbs@, Cryshas pobEdrbrEcto obtain a
medi um having a_large squareness ratio in the nmagnetostatic

charact eri sti cdhen ‘thy clegest et ke nabingt hr ghareshbinei 8h24R8 a5hi gh S/ N

ti the R/ h istics. Co ti Ex le 1 F [ ,
edi um B vias BTSSRt T0I HOA gt 5° (WESSane Br $ERtur B6285OF nCERBOAT et 1

except that no §§g¥55»i8r5ef%f%%°$ﬂgﬁgt53'tﬂ%%ﬁ%i%gé?ﬁgéﬁﬁ %Pgégﬁ 71s a

schemati c sectiOhal Vview Sho e arrange

conventi onal rnﬁgﬁg} o) j t be. ' a h 10
arrangenent as s vwf%?fﬁ?%? %Q%ig%%%gih%?dtﬁglggggggﬁg%gigﬁ%agfgggﬁéyer 14
was not jf@rned. ot Neddeh 149N, p 2 SAERL £r YRS £RENBArB¥nfioENI g a CoZrNb soft
magnetic | ayer, Ru seed |ayer, and CoCr per pendi cul ar magnetic recordi ng

layer on 15 a seibsémedeid®l | omh@ggtaen seike PoOCEHYr Bayas havihhetredi um B
except that neither a C protective layer nor a lubricating | ayer was

formed. The crysiadéshipychédtbeyobini seduCotr €t cprrpentlaeygear thagneti c
recordi ng | ayer sanple was checked by the X-ray diffraction 20 met hod.
Consequent |y, ttizasampl ehdéagraihexagobae glasesbtrpatkedturgst alnsbnact ure,
and (002) faces were oriented. However, when the planar structure was
observed with te¢ebqENpente HEihs sPeesibseaboucheosang grain g@asendby wel |
decreased conpared to the medium A. 25 The nmagnetostatic characteristics of
the recording |'4yE¢h viepktpbactit@dtehiehec@ankena@hh@ingd i n Enbodi ment 1.

The results are showg_in Table_1 bel ow_ _, Tabl ,

He Hn SNRTOWI PWs0Medi \Sﬁﬁ%‘(@lfﬁ)?f# (E?FSE)‘E%DS& %Bﬁt magnetic

1A3180. 91 - 45" 20, 44, 8P4GOTRGL AL L YER3P{OL RE- 1048841, QBkxaup 6,4 N - 28
Co~-Cr, Co-Pt, Co-Cr-Pt, Co-Cr-Pt-Ta, Co-Cr-Pt-0, and
Co~Cr-Pt-Ta-B.

20 In the present invention, the layer having the
granular structure described above is formed as the
orientation control layer. Therefore, even when
a general CoCrPt-based magnetic layer is formed as
a perpendicular magnetic recording layer, the magnetic

25 grains are separated into fine grains. This makes it
possible to obtain a high-output, low-noise medium

having satisfactorily fine crystal grains and



The coercive forces Hc of the nedia A and B were al nost equal. However, the
squareness ratio RS and nucleation field Hn of the nmedium A according to
the present invention were slightly larger than those of 5 the nedium B.
This is presumably because the nedium A was oriented better than the nmedi um
B, although the size of the crystal grains in the magnetic recording |ayer
of the medium B was al so decreased. |r addition, the nmedium A of the
present 10 invention was equivalent in OWNvalue but superior in SNRm and
dPWb0 val ues to the conventional nedium B. Enbodi ment 2 After a CoZrNb soft

magnetic | ayer swasitoenednagnatneafagnetiyaighasstsubsthake bal | owing the
sane 15 procedures as in Enbodinent 1, the substrate was opposed to a pair
of a Pt target aandCBP8Ngivarpakedr naggedienlblyers&nmewnl anebeAsudasdnas
supplied to nmaintain a pressure of 1.2 Pa, and, while discharge was
performed on the RfighadgesiagdrSicdMdingr.geCoapabEd2@o500i® and RF 1, 400 W
respectively, the plane on which these targets were arranged was rotated,
t her eby formi n§o&rBLnfMiOpir-bRsPL- BagNgtoci dAvELi oitheoRPESPtHRpERDN t he
CoZr No soft magnetic |ayer by sputtering. After that, this substrate was
opposed Po 25 Baghelsst leverodespiheapgepntagegddakadisuspitived et mi nt ai n

a pressure of 0.5 Pa, and disch%t%e was perforne%,at DC 1,000 Wto form a
10-nm t hi ck Coeppetizatgon dgeigie NG SPhE PUISISRNETSr PEPRS GfFcont r ol

| ayer by sputtering. . Subsequently, this substrate was opposed to a
Co- | 4at ~Cr - | 4a 8PFg§é?¥B°E§F68F§'Ar gas was 5 supplied to maintain a

pressure of 0.6 Pa iv\{llxetnh% %gﬁ{%?t&o%@ﬁ%f}ﬁd&gﬁ tn{gcﬁlg_%nc%q I?Ettht% Pperreoseé}}dé cul ar

recordi ng | ayer was fornmne ayer by sputtering at DC 250

W Finally, the gubstrat a%a% %%Q%%%@i%%l%rcmb%%%%ﬁc 1 A g3z Was suppl i ed

to maintain a pressure o
10 layer, a soft magnetic layer can be formed between

this perpendicular magnetic recording layer and the
substrate.
When a soft magnetic layer having high magnetic

permeability is formed, a so-called double-layered

15 perpendicular medium having a perpendicular magnetic
recording layer on this soft magnetic layer is
obtained. In this double-layered perpendicular
medium, the soft magnetic layer performs part of the
function of a magnetic head, i.e., horizontally passes

20 the recording magnetic field from a magnetic head,
e.g., a single pole head for magnetizing the
perpendicular magnetic recording layer, and returns
the recording magnetic field to the magnetic head.
That is, the soft magnetic field applies a steep

25 sufficient perpendicular magnetic field to the
magnetic recording layer, thereby increasing the

recording/reproduction efficiency.



and di scharge was perforned at DC 1,000 Wto forma 7-nmthick C protective
| ayer on the CoCrPtB perpendicul ar recording |ayer by sputtering. After all
the filmformation steps were conplete, 15 the C protective |ayer was
toated with a 13-~ thick PFPE | ubricating agent by dipping, thereby
obtaining a nedium C of the present invention. FIG 9 is a schematic
sectional view show ng the arrangenent ofist he obtai ned nmedi um C of the
present 20 invention. As shown in FIG 9, the nmedium C has an arrangenent
in which a CoZrNb soft magnetic |ayer 12, Pt-Si 3N4 orientation control

layer 21, CoCrPt underkayeisoZ2 nEQEklliB perpendilGulidr ieesdiingd ayer 25
23, C protective layer 16, and lubricating | ayer (not shown) are stacked in

this order on assubsizikAbe FeCoBp @ddoN, oFeTaCRt FETANG frielih, saml e was
formed on - 30 a nonmagnetic glass substrate by using a Pt target and

Si 3N4 target uRdaLStheesaheofortliithohasas hdght batBra$iidiN magnerttiat i on
control |ayer described above. The characteristics of the obtained sanple
were 5 checkedflUkedphanay snhdudewoeabflet Isiod tS@maeftilicm sanpl e was observed
by a planar TEM at a magnification of X1,000,000. Consequently, the planar
structuré was &h3sa€4&FPKa§tdcsnul ar structure in which the Pt grains 10
about 7 nmin dianeter were dispersed at intervals qf about nm and

surrounded by the SiEENAHL OFat & Phas ARP Prcadiian 1[Ysh é%vas then
cut into a squarﬁ ie%e of & m si de, and tEﬁlna%peto Lgtic char act.eri stics
of the sanple fer8RFeidGrad oPate MRINOENC ALY &5ndBdeicd M EE il e was
nonmagneti ¢ because it showed n neti zation en en .an.extern

magnetic fiel d%ES muﬁatno%f, \é\%ﬁnﬁ?ﬁl %ae%ff e&p%hee(ioef éng\,gﬁ\ﬁ%elr? tlﬁ e%or?%lgsi tion

of {he Pt-Si3Ng.FkRRQ sample ot FRERWRSE iyt hOR (1 AE el Y
10 magnetic domain, and this magnetic domain generates
| spike noise. The generation of a magnetic wall can be
prevented by applying a magnetic field in one
direction of the radial direction of the bias
application layer, thereby applying a bias magnetic
15 field to the soft magnetic layer formed on the bias
application layer. It 1s also possible to give the
bias application layer a stacked structure to finely
disperse the anisotropy and make a large magnetic
domain difficult to form.
20 Examples of the bias application layer material
are CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtTaNd, CoSm, CoPt,
CoPtO, CoPtCrO, CoPt-Si0p, CoCrPt-SiOp, and
CoCrPt0O-Si0sp.
The magnetic recording layer, soft magnetic
25 layer, bias application layer, and various orientation
control layers such as an underlayer and seed layer

usable in the magnetic recording medium of the present



Pl asma Mass Spectroneter) nethod, the atomc ratio was substantially Pt

SS . N=9 . 3. 4. Furthernore, a CoCrPtB perpendicular recording | ayer
sanpl e was obtained by form ng a CoZrNb soft 25 magnetic film Pt-Si 3N4
orientation control layer, CoCrPt underlayer, and CoCrPtB perpendi cul ar
magnetic recording |layer on a substrate foll ow ng the sane - 31
procedures as for the nedium C except thateneither a C protective |ayer nor
a lubricating | ayer was forned. Wen the crystallinity was checked by the
X-ray diffraction nethod, the sanple was a filmin which 5 (002) faces of a
hexagonal cl osestvaracikad sdn usd Witaes® of i el . pyhedidderpdanar structure
of this CoCrPtB perpendi cul ar magnetic recording |ayer was observed with
the TEM the ausyragmiQicidl SSphettasims Sdehdi @se 6suh 4€ Jbhe nagnetostatic
characteristics and R Wcharacteristics of the medium C were neasured

foll ow ng the sspettroceguneshas, iRF EByhodi ety Ine dihed r eSothtlseame shown in
Table 2 (to be presented later). Conparative Exanple 2 15 For conparison, a
medi um D was ol trssk frof [roxined + heapamed gposkdtior smashod. Enfimdonent 2
except that instead of the Pt-Si 3N4 orientation control layer 21, a 5-nm
thick filan was greyamianent spihe &G repbitetipd yieighod cas e absatusada
pressure of 1.2 Pa, and 20 perform ng di scharge on an Si 3N4 target at RF
1,400 W FI G HPF Sormidhers it taetondn el saverhgaeeerdtrangenent of

t he obtai ned nedi um D._ As_sho in FIG 10, the nedium D has ap arrangenent
n which a CozrAf BB HGrEtTe 5yrcAoneo aNEOTRYEI S50 Ohar Pt

onder | ayer 22, OO0 SRR Ul pres g0 nLavet 23, Gbrelestive |aver
2 Substrate 11 diadidt O d GRIENR perpapdLeul Ak erardi fg Lpyer samle

was forned followng the sanme ures as medi um C éxcept that

nei ther @ C pra&of 9 2 {aygte Ndn a%{,} UbSLEALRUohBY R YAEERE My YEED the

crystallinity was simlarly T e X-ray di action net t he

sanpl e had a hex@auedsde CtOSESE PDarkPse EFy St FhuttEHLhy RetBHY (OOR) faces

were oriented. However, when the planar structure waS 10 observed with the
TEM the grin sigimyesuaboatpdfnarent .Ragne@spretviaed| odeereasgdkcenpar ed
to the medium C. Also, an Si3N4 filmsanple was fornmed on a nonnagneti c

gl ass substrat e byaxgeing an Si 3N4 target under the sanme conditions as for
the Si3N4 | ayer 15 descri bed above. This sanple was cut into a square piece
of 1 cmside, and th® gagnéiowtpresseharaéteni snecs obst henshapPe lwtpe

nmeasured by the ] ) _
15 10 Pa in a sputtering condition for forming the

orientation controlling layer and the magnetic
recording layer. It tends to be difficult to cause
electrical discharge when the gas flow pressure is not
higher than 0.1 Pa. These layers tend to become
20 nonuniform when the gas flow pressure is not lower
than 10 Pa.
A gas flow pressure of an inert gas can be 0.1 to
1.0 Pa in a sputtering condition for forming a soft
magnetic layer, an underlayer, and a protective layer.
25 It tends to be difficult to cause electrical
discharge when the gas flow pressure is not higher

than 0.1 Pa. These layers tend to become loose and



VSM As a consequence, the sanple was nonmagnetic because it exhibited no
magneti zati on even when 20 an external nmagnetic field of up to 1,500 kA/m
was applied. The nagnetostatic characteristics and RFWcharacteristics of
the nedium D were neasured in the same manner as in Enbodi nent 1. The
results are shown 25 in Table 2 bel ow Table 2

He Hn SNRnOWIPWsOMedi unRS( kA/ m) (1~/ m) (d8) ( +)( ~)}Enmbodi nent

2C3370. 95-7520. 841. 261Conpar ati veD2980. 88- 371 8. 64| . 081Exanple 2 ww - 34
The nedi um C according to the present invention was superior in SNRm and

dPVB0 of the nagpstesiathcichatiast ki shicsaghdsREMAghapagteristics to the
conventional mediumD. 5 Note that the sane effects were obtai ned even when

Re, Ti, CoCrWakteyioteteBt wakhoyheagdst Beoli keevetiecusednas Lbeegrai ns of
the orientation control layer, and BN, Ta2N, ZrN, TaC, and C 2N were used
as the base natkranal.olBaEnbodi nent 3 An Fe-Ilat%Al-17at%6i target and a
nonnmagneti c substrate 1 were opposed in a vacuum chanber having a vacuum
degree of 1 X 10-5 BRasol nthki sbezeulayelancen, bar fgamedasnsoppl iced to
maintain a pressure of 15 0.6 Pa, and di scharge was perfornmed on the target
at DC 500 Wt obobhnrd LBe- kwpt Ahskareal SE §bet snhgheate-l ayer on the
nonmagneti c substrate by sputtering. This substrate on which the filmwas
formed was opposed THealegnstiCofecrgaingy reRroguCingefPPAragds 26 was

supplied to maintain a pressure of 0,6 Pa, and di scharge s perfornmed at
DC 300 Wit foFRPaPEBSRAT APURNECEPPRBSSEEE MAJERLAA TRECFCARS sof

magnetic | ayer by.sputtering. .The resultant substrate S ;,opposed to a
CoFe- TaN 25 tawﬁéfuﬁbgﬁﬁﬁéagﬁg ﬁEQVﬁg éBg8§t§ﬁ8°5998§ g%gghs and TaN grains
3;Sasngkfr§drf%£8r8hu€958 hegﬁw érzrec%rd%ﬂ%/%EBE%BEQQn%h%oﬁbé%gkg' Ar gas
10 head.
In the perpendicular magnetic recording system,
a single pole head, for example, can be used as the
recording head.
In the longitudinal magnetic recording system, a
15 ring head, for example, can be used as the recording
head.
FIG. 5 is a partially exploded perspective view
showing an example of the magnetic
recording/reproducing apparatus of the present
20 invention.
A rigid magnetic disk 121 for recording
information according to the present invention is
fitted on a spindle 122 and rotated at a predetermined
rotational speed by a spindle motor (not shown).
25 A slider 123 mounting a single pole recording head for

accessing the magnetic disk 121 to record information

and an MR head for reproducing information is attached



- 35 mintain a pressure of 2.0 Pa, and di scharge was perfornmed on the
CoFe-TaN target at RF 500 Wto forma 5-nmthick CoFe-TaN orientation
control layer on the CoCrPtB seed | ayer by sputtering. 5 After that, the
substrate was opposed to a Co-26at %r-| 2at ~Pt-4atoB target. Ar gas was
supplied to maintain a pressure of 3.0 Pa, and di scharge was perforned at
DC 500 Wto forma 4-nmthick CoCrPtB-undsx | ayer on the CoFe-TaN
orientation 10 control |ayer by sputtering. Subsequently, this substrate
was opposed to a Co-18at%r-|l5at%t-1at¥ target. Ar gas was supplied to
mai ntain a pregsuteoknd. Poldiocand fa al EuRPeniich QoQ RiB qreriperdithimr
recording | ayer was fornmed 15 on the CoCrPt underl ayer by sputtering at DC
500 W Finallyleaf7sphinki.ck THeC s(iopamsicdnl il Gar hamnguieddid wend ayer was
formed on the CoCrPtB perpendicular recording |layer by CVD. After all the
filmformati onestieps wer @rvolSethevi2@y,t ke gDLC apiomthdxin wéhildyérov@s coat ed
with a 13-~ thick PFPE | ubricating agent by di pping, thereby obtaining a
medi um E. FI G al@8riiyiagdeddatinotsedtowmal vi ew showi ng t he arrangenment of
t he obtai ned medium E of the present 25 invention. As shown in FIG 11, the
medi um EShas an arr &hgeneift 4o wiidirant FeAsia doftd mifgret+ER¢ayer 25, -

36 CoCrPtB seed | ayer 26, CoFe-TaN orientation con rtgrlgE | ayer , CoCrPtB
under | ayer 28, "eSerPiE FdriEhdc Hcarthe %fr}daié‘{ ; aa‘ﬁ‘ﬂ protective

I 30 ked .i hi. . 12. .5 A so, a LoCrPtB
u%g;I ayefIr \i/ag ; ﬁlé’d'lcgantcfllﬁb%%&#e&%céﬁs%g:&ieﬁ%gﬁk}eat%r]i"ﬁlrf eC@a_Jﬁg manner
as above by usi (%%tt %%(SD - 3%;%%-1? - lx%?fnﬂptth?éatﬁo%ﬁl%{ %%nﬂ{%te% ;1189%15 um E,

t her eby obt ai ning a erlayer sanple. allinity of

the sampl e was checkai diedhe oLt OhdFact | 2D Wik sauml catas 2

filmin which exagona osest packed structure were

orientedq Al so.coMigirl NR Y Ao S ddle Hndish Gad Rl uagdess ayer sanpl e

was 15 observed with the TEM 'the average grain size was 12 nm In
addition, the Goke-dkaN iy gadidescribed above was used to forma filmon a
nonmagneti ¢ gl ass substrate under the sane conditions as above, thereby 20
form ng a CoFe-TaN fTHensanpl 25 Thehehdriaytlesl Sthesrogs h{sosaspbenher e
checked. The planar structure of this CoFe-TaN fil m sanpl e was observed
with the TEM atfcermeabyrirf itoeti orprdr XindoRwo0. pgohsergient | §, fixedsanpl e had
a so-called 25 granular_structure in which CoFe grains about 6 nmin

di aneter were ty IR bparbdiafoted &Y ailke ofo k@R uEc Pl M EPE 34fr ounded by
the TaN base material . - 37 Wen the conposjtion of the CoFe-TaN film
sanpl e ids neasiiad I e IRFENE MRt Mbdihe hel BEo%i £23 PP otiBs Co . Fe . Ta

. N=9 . 1. 4. 4. The, CoFe-TaN film sa e s then cut into.5 a square
pi ece of 1 Cn1§?%ﬁQeEﬂﬁjQ*ﬁ§ e*%S?%H§{§THedw€y the volice coll

motor 126. Reference numeral 128 in FIG. 5 denotes
a lid.
As a means related to the first invention, the
20 base material contains at least one material selected
from the group consisting of boron, silicon, tantalum,
chromium, aluminum, zirconium, and nitrides and
carbides thereof.
The base material particﬁlarly contains at least
25 one material selected from the group consisting of BN,
TaN, TaoN, ZrN, CrN, CrpN, SisNg, TaC, ZrC, B4C, AlN,

and C.



characteristics were neasured by applying a maxi num external magnetic field
of 20 kAAmby the VSM As a consequence, the saturation magnetic field M
was about 70 enu/cc, and the coercive force was 7 kA/m 10 indicating that
t he sanpl e was weakly nmagnetic. Al so, a CoCrPtB perpendicul ar nagnetic
recordi ng | ayer sanple having the sane structure as the nedi um E except
that neither a DLC protective fil mnor albubricating |ayer was fornmed was
obtai ned. 15 When the crystallinity was checked by the X-ray diffraction
nmet hod, the sanple had a hexagonal closest packed crystal structure, and

(002) faces were orpgpbedcndherpkanakishr uehdrelofiat/ee C€eCr Pt B
per pendi cul ar 20 recording | ayer was observed with the TEM at a

magni fi cati on af ndnQ6Ne000. 1Agen cpnsegaehcraghbeigr drgesi revivag about 6
nm The magnetostatic characteristics and R'Wcharacteristics of the nmedium
E were neasured satthet2énsmagnebhnetias PhA ERBodnuéac or Thesresdits are
shown in Table 3 (to be presented | ater). - 38 Conparative Exanple 3 For
conpari son, a gofavencivaafonsdi af B WAdmoptailAEd-fol | owi ng the same
procedures as in Enmbodi ment 3 except that no CoFe-TaN orientation 5 control
| ayer wa8 formed. FFBe gZaigsafesmdénat thiseetilendrtbiodwCoRGKCAg lEYEY
arrangenent of the nmediumF. As shown in FlLG iz, tae nedigglF has the sane
structure as tReNRedNUATELSREGNCOPE BRECTIRleReFCiERaf ?H thE E5RYPTaN
orientation control S naot med, Wien thﬁa%% staIILnitX of the

_ . ka er 27.wa fgr ( stal Li.ni
medi um F was ch8BR&d B%gtﬂ XFPRy GPPAF&et FOR Mo I AR eI R E Had a
orronted. The SrRRBRESE! chrERaRe, ShRISRRg  Sublstait) phReEs 4ol

e
oriented. The planar strduc er ar récording |ayer

was observed “%h@hEREuEENIat a magni fication of X1,000,000. As a
consequence, the grain size was about 10 nm That is, the grain size

10 As a desirable combination, the grains forming
the orientation control layer contain at least one
material selected from the group consisting of Pt, Ru,
Co-Fe, Re, Ti, Ru-Cr, Ni-Ta, Co-Pt, Co-B, Co-Ru,

Co-Cr, Co-Cr-Mo, Co-Cr-W, and Co-Cr-Pt.

15 In particular, the grains are made of a Co-Fe
alloy and contain 80 at% or more of Co.

The grains have an average grain size of 10 nm or
less.
Of the layers adjacent to the orientation control

20 layer, the layer positioned on a side away from the
substrate contains the main component element of the
grains.

Of the layers adjacent to the orientation control
layer, the layer positioned on the substrate side has

25 a hexagonal closest packed structure or face-centered

cubic structure as a closest packed crystal structure.



20 of the CoCrPtB perpendicular recording | ayer sanple of Enbodi nent 3 was
smal l er. The nmagnetostatic characteristics and RFRWcharacteristics of the
medi um F were neasured in the same nanner as in Enbodinent 1. The resul'ts
are shown 25 in Table 3 below. Table 3 shows that even when the orientation
control filmhaving a granular structure was forned - 39 between the
seed | ayer and underl ayer, the nmedi um-E &f0 t ke present invention was
superior in SNRm and dPWO0 of the nagnetostatic characteristics and RF'W
characteristics to the conventional nmediumF. 5 Conparative Exanple 4 A
medi um G was obt ai neghfRlihewMdyy t he sane procedures as in Enbodi nent 3
except that the thickness of a CoFe-TaN orientation control |ayer was
changed to 10 nm Ane draldeaawi nighwdie isameyjdrioded escdibead frorddteel Iredi um
G a CoFe-TaN fil msanple was formed by form ng a CoFe-TaN orientation
control |ayer oelawnbyragiyetfc isishsmbatdimeWten t he pl anar structure of
this. CoFe-TaN fil m sanpl e was observed with the TEM at a magnification of
15 X1, 000, 000, the didiadigiend las about 6 nm Conparative Exanple 5 A

medi um H was obt ai ned follow ng the same procedures, as i n Enbodi ment 3
except tRat a CoFe- TaN Bdqbimergntlaidli A chmterte MYt st land TaN 20
grains at a volyme ratio of CoFe . TaN = 1 . s used to fornuf 5-nm

thi ck CoFe- TaNT3rfént"&hot OCaIRY o™ 122y @Bt &%ﬁﬁ B &SFE TG by

tteri b f i di sch t DC 500 . Wwhi.le t Al
hhe. i nt ai nod e 50 Sy SO T SebaR-aiaf R (RIS Wec BRed on a
ti te in il t - T jentat i
Control | ayer & Gnsaninima o T W g 3 Rt e eTe Gore Tan
filmsanple vva%&t%g:rvceed 1"“&&5{1'}&5@@@%@ RO d G | Alhr@fe XL, 000, 000.
the CoFe grai avi ng i i |

Consequent |y, ns a grain size of about 9 nmwere

di sperse@ i n t he AN Ras e HBI Y alar VED e JBPIELastad ikaintain a

characteristics were neasured, the saturation magneti zation Ms was 560
enu/ cc, and thgreegnoieef ay.oe te viasd Wi dNdige Wemee et d eedE@pilee 6 10 A

medium | was obtained follow ng the sane procedures as in Enbodi nent 3

except that a QCuFealfdr-arQyetsNDntatge g tCADBa el al troyr efpai fscraidy TaN

grains at a volume ratio of CoFe . TaN = 3 . 2 was used, and the thickness

of a CoFe-TaN @r iZdfi-atn drhiksk g 4 affermagrse thangeyet coriOten Al so, a

CoFe-TaN fil msanple was. forned on a nonmagnetic substrate in
nonmagnetic glass substrate by sputtering.

15 In addition, this substrate on which the film was
formed was opposed to a Co-l0at%Fe target. Ar gas was
supplied to maintain a pressure of 0.5 Pa, and
discharge was performed at DC 1,000 W to form a 5-nm
thick Ru seed layer on the CoZrNb soft magnetic layer

20 by sputtering.

The resultant substrate was opposed to a CoFe-BN
target obtained by evenly mixing Co-1l0at%Fe grains and
BN grains at a volume ratio of CoFe : BN = 1 : 3, and
sintering the mixture. Ar gas was supplied to

25 maintain a pressure of 1.0 Pa, and discharge was

performed at RF 1,000 W to form a 3-nm thick CoFe-BN

orientation control layer on the Ru seed layer by



t-he sanme manner as for the CoFe-TaN orientation control |ayer of the medium
| . The planar structure of the CoFe-TaN fil m sanple 20 was observed with
the TEM at a magni fication of X1, 000, 000. Consequently, the CoFe grains
having a grain size of about 12 nm were dispersed in the TaN base naterial.
Conparative Exanple 7 25 A conparative nmediumJ was obtained follow ng the
same procedures as in Enbodi nent 3 exeepteithat a O seed | ayer was forned

i nstead of the CoCrPtB seed - 41 layer. Also, a C seed |l ayer sanple was
obtained by formng an FeAl Si soft magnetic |ayer and C seed |ayer on a
substrate fol | gpung@et-hggsame procedures as in Enbodinent 3. In addition, a
CoFe-TaN filmsanple 5 was obtai ned by further formng a CoFe-TaN
orientation control ssiqenttine Ghisceddsyertsaygy eppfmand tihe
crystallinity of the Cr seed | ayer sanple was checked by the X-ray

di ffracti on neth@d-12@GCrF-ddat ¢t Carumri.ngla kedy wWeentserpgd icaditm 10
structure were oriented. Wien the planar structure of the CoFe-TaN film
sanpl e was obs@aiedaint b PiresEEMe tdfe 2COFE agr @ings eha@-mg £hgkd n si ze of
about 2 nmwere dispersed in the TaN base material. This is presumably
because Hhe Cr Cofadt Ppapemaiiong arheerRsddg demesr &t cllfned rietth® was
used in the nmediumj, so the average grain size of the CoFe grains in the
CoFe- TaN or i enCRECsRN GFteatatdpar qosy ot Mate B sBEF Y daPSnal | er
t han that of t[%;ﬁCg\fe- TaN orientation control |ayer of the nmediumE of 20
Enbodi ment 3. '3 shows the results of neasurenents of the

gg:;g} ostatic charaglarl st e And [N ENA Ap1ETd5id £8q Ao RO A J4E.

He Hn SNRnOWi PWb ' ~ - dB) (% | Sent

3E3570. 96- 7821%%{%2?%0(51@% ﬁk@ed% o%?aglg&4a§)lfg.g6%oy.g577a%nﬁ o> Far
3Conpar gty Vel %ﬁ-ﬁﬂ&&é%@%@ﬁ@&d at DC 1,000 W to form

4Conpar at i veH3400. 92- 701 9.7040. 580Exanpl e

S5Conpar ati vel 3%10.-93r A3ki% 1040 AR BIL layer on the CoCrPt

6Conpar ati veJ3l 10. 90-4119. 240. 780Exanple 7 N - 43 As in Conparative
Exanpl e 4, whempddieridiakngs safotdimmpriadmatbwnsmontening ayer having a
granul ar structure was |arger than the size of grains formng this granular
structure, degradatifftef dahe Toertilre Hrifmteomnstepsiavenessomnpt ébewas

| arge, and SNRm and dPWs0 degraded. As in Conparative Exanple 5, when the

magneti zati on ae corAhactioreelafer aorewatied v ont Y3t A dfdickavi ng a

granul ar structure were |arge, . ,
15 PFPE (Perfluoro Polyether) lubricating agent by

dipping, thereby obtaining a medium A.

FIG. 6 is a schematic sectional view showing the
arrangement of the obtained medium A of the present
invention.

20 As shown in FIG. 6, the medium A has an
arrangement in which a CoZrNb soft magnetic layer 12,
Ru seed layer 13, CoFe-BN orientation control
layer 14, CoCrPt perpendicular recording layer 15, C
protective layer 16, and lubricating layer (not shown)
25 are stacked in this order on a substrate 11.
Also, a CoFe-BN film was formed on a nonmagnetic

glass substrate by using a CoFe-BN target under the



10 the coercive force and squareness ratio increased, but SNRm and dPWs0
degraded. As in Conparative Exanple 6, when the grain size of the granul ar
underl ayer was |larger than 10 nm the coercive force and squareness ratio
increased, but 15 SNRm and dPWs0 nore or |ess degraded. In particular,
degradati on of dPWO0 was |large. As in Conparative Exanple 7, when a film
havi ng a body-centered cubic structure; rz her than a cl osest packed
crystal structure, was used in the seed | ayer 20 adjacent to the substrate
side of the orientation control |ayer having a granular structure, the
grain size of thgnegrcmdiali iy e W hatand HOo®Ns Y il en A b1t ARgUENCe,

nei t her the nmagnetostatic characteristics nor the el ectromagnetic

conver si on chanagctear idkiscas Kl iamrayv.ed. IrErdmti e, £dJre-Brooftinent 4, all
films were formed in - 44 a vacuum chanber having a vacuum degree of 1 X
10-5 Pa. A Co- Gatrdddred @etreNf drarggbtiranthen sworeragmretec gy agsowibstasite 40
wer e opposed in the vacuum chanber. In this vacuum chanber, Ar gas was
supplied to 5 ridiak dihe £ igieddurdkngs 0 v Pya i s cwangedwas per forned on
the Co-6atoZr-|1 CatoNo target at DC 500 W thereby form ng a 200-nmthick
CozZrNb s&ft magneti clliSayRkanAT tHer Horwegref iz JiassthipstGefe-By film
sputtering. 10 In addition, this substrate on which the filmwas fornmed was

opposed to an RAMPHGNES APRATALE FHpiPed TR SR £EMe of 0.5
Pa, and di scharge was per.forned at 1,000 Wto for -nmthick Ru seed
Ia%e: 0[1 t he Cé%r‘ﬁ? Fie)mfgtnft i“@jlt%dil@%%/ %%Lﬁ;ﬁeg}oﬁggo%he resul tant
substrate was oppos 0 e- roet obt aine even m Xxi ng

Co- | Oat %-e grai ns a?&%’l\l‘%r%nas Ig?d%fv‘g}%%es rattio? o&{ ear.lgrBN =1. 3, and

sintering the g r: i intain a pressure of 1.0
g o8 r Ao 985 Sas, Sl %Ont \?svat%%ﬂf@ p

Pa, and di scharge was perfornmed at RF 1, orma 3-nmthick CoFe-BN

under| ayer on the Rurseett] ayerrdije sonktd efiildraThe7 sebsd & ecyps then
opposed to a target obtained by m xing a CoCrPt powder made of a 25

Co- | 8at ~Cr - | Satgri¥ir ;| }hdnd ,am INDowdeltatis vol une ratio of CoCr Pt
Si02 =1. 2, and sintering the mxture. Ar gas was supplied to maintain
- 45 a pressure of Es GslRewn aid BId2-sm tié okl Ko PEeSiO2uperpendi cul ar
recording |ayer was formed on the CoFe-BN underl ayer by.sputtering at RF
500 W Finally,a tdrisnsldistatatec wase dppogeitch dclee CdFd aggeins Aab@ats was
supplied to maintain a pressure of 0.5 Pa, and di scharge was perforned at
DC 1,000 Wto formm d1v-cHansfiek @1 clienenaed aferinen il ok RPSID2

per pendi_cul ar recordirtncg | ayer by sputtering. 10 After all the film
formati dr st ep? &t ERbDERLRYN BaRe @it iWARS IRERTeMaslkotheFXdih a 13-

o 5 T LA ST RS q4fer o o2l o e um
When the film thickness of the CoFe-BN film
sample was larger than the average grain size of the
CoFe grains, the number of CoFe grains exposéd to the
20 surface was small. This is presumably because the
base material covered the CoFe grains. Also, the
grain size was nonuniform.
The CoFe-BN film sample was then cut into
a square piece of 1 cm side, and the magnetostatic
25 characteristics of the sample were measured by
applying a maximum external magnetic field of 8 kA/m

by using a VSM (Vibrating Sample Magnetometer).



15 present invention had the sane structure as the nedium A of Enbodinent 1
of the present invention except that the recording |ayer was CoCrPt-Si 02.
This CoCrPt-Si 02 perpendicul ar recording | ayer of the nedium K of the
present invention was observed with the TEM 20 Consequently, the |ayer was
a granular magnetic filmin which the Si02 base material surrounded the
CoCr Pt grains having an average grain-sizeg of-5 nm such that these grains
were separated by 2 nmon average. Conparative Exanple 8 25 As a

conparati ve exanple, a conparative nediumL was formed follow ng the sanme
procedures as tehsk ﬁeﬂ@dwmslétﬁfraﬁ%ﬁd&n@%&fet‘iz%ftiblﬁeM%f GRNtagdment 1 on -
46 except that no Fe- BN under | ayer was forned. Table 4 bel ow shows the
results of neaser em@nts, obnbhe Fegrelest ForeeC MRy aelseRshitcs7 Nt /M W
characteristics of Enbodi nent 4 and Conparative 5 Exanple 8. Table 4

He Hn SNROW PV\B @ iveld icarRB gk Ahsic( kAkemseaiB)l ed Basn merigdinanietic.

4K3100. 91- 5318. 94| . 065Conpar at i ve~L2900. 85- 3817. 840. 970Exanpl e 8 - 48

As in Enbodi nent 4, Fexdhemhrore,he grampleamwdaymrnes & shousedy as a
magnetic recording |ayer, the use of the nonmagnetic granular |ayer as an
under | ayér i ncBe&9édNpheoébegione tier cﬁféléh@nﬁq%\élréﬁi@gg Jragtg1p,otand 5

i ncreased both the SNRm val ue and resol ution. However, the values of these
characteristicé ®&HPELRAGhERY LRHHSY (Hhen SEHEs @ TOCEISH AehtfoF itRSvhi ch no

granular filmwas  used as the recqording layer. In th resent_jnvention as
has been expl aff&d o l%’\?@,p%n%ﬁgt in@rﬁ%e@?'r(ﬂ @F@Eﬁ?b{?éﬂﬂeermiﬁm at a high
recordi ng densitﬁFb iﬁcreasi §;E%-nEdiunE§$i e ratio and recordin

resol ution by GSOFERdi AGYERe GPEE Csibrd P TryRed TS bit Sr HhbHE i ¢
recordi ng | ayer i i t, rj at . . i te that
in the enbodi rrér??rs%q-éng’p %\réﬁc%r%é:ﬁq%eqea@%l §§%é§{br%%§£§%i>\a/le%§?%ﬁar%bmre

stacked;@n one gyirface ahed SURSLIALG (IO Gihe | NSl BRI S de st acked
on the two surfaces of a substrate by performng sputtering wth the

substrate placedy2? Bepaen waPaie Hed Hygelrs x-Add} td onpda @dvant ages and
nodi fications will readily occur to those skilled in the art. Therefore,

the invention wethosl.br gader caspeciterice, N6t ddak tiedicaatirey spteeci fic details
and representative enbodi nents 25 shown and descri bed herein. Accordingly,
vari ous nodi f i catiieorts tien e nEd )wifldums odefar thangirfg eamtdragmalt and
scope of the general inventive 49 concept as defined by the appended
claims and t heiolosqdity #lagrkesl structure appeared. When the planar
15 structure of this Ru seed layer was observed with the
TEM, the average grain size of the grains of the Ru
seed layer 3 was 12 nm.
In addition, a sample was formed by forming
a CoZrNb soft magnetic film, Ru seed layer, CoFe-BN
20 orientation control layer, and CoCrPt perpendicular
magnetic recording layer on a substrate following
the same procedures as for the medium A except that
neither a C protective layer nor a lubricating layer
was formed. The crystallinity of the obtained CoCrPt
25 perpendicular magnetic recording layer sample was

checked by the X-ray diffraction method. As a

consequence, the sample had a hexagonal closest packed



- 50 WHAT IS CLAIMED I'S: 1. A magnetic recording nmedi um conprising a
nonnmagneti ¢ substrate, an orientation control |ayer fornmed on the
nonmagneti c substrate, having a granular 5 structure containing a base
material and grains dispersed in the base material, and having a thickness
smaller than a grain size of the grains, and a nagnetic recording |ayer
formed on the orientation control layer. 40 2= A nmedium according to claim
1, wherein the base material contains at |east one material selected from
the group consisting of boron, silicon, tantalum chrom um alum num
zirconi um and d¥dtifes angdard) dasd t tereoftadds vere g dgBgcording to
claim2, wherein the base material contains at |east one material selected
fromthe group ongitsdd ng wierBNhdalN a2t Aty urka £ G2y Gh@Ng; Tac,
ZrC, B4C, AIN, and C. 4. A nedium according to claim1, wherein the 20
orientation cordergerdiyarladrs rmagremagnestdardiayerlafer Avaedhwescedr ding to
claim1, wherein the orientation control |ayer is a weak magnetic | ayer
havi ng a sat ur atitdn ey @M zdtheomoirage gmaien thiaze 400 Wre/ ¢ bmsl was
coercive force of not nore than 25 8 kAAm 6. A nedium according to claim
1, wherein the @riins formng the orientation control |ayer contain - 51
at least one material selected fromthe group consisting of iron, cobalt,

rhenium platinum ntiekeldenemssrahes chidhi b FoP§peeRertufengst BRS boron,
d t heni . dj di t im®6,. wh inth i

contain at | eadio st T St bk EHEE ghbAfD COre: SR P ot o Ru,

Co-Fe, Re, Ti,

Ru-Or (N.-Ta, 00-Pl,. Co-B, CorRu.; Co: -COr-Mb, Co-Cr-W
and Co-Gr o Pt AP SRl i g oo T e of B

['im ac ef el Ti T he grains are
made of a Co- Fe é%Frg: A medi um according to claim8, wherein the grains
are made of a d%- e-based alloy containing not |ess than 80 ate of Co. 15

10. A meci um accor di fige tRaghat S dat VBCERLPaEPEr Y5 BL RS bAavenan average grain
size of not nore than 10 nm 11. A nedium according to claim1, wherein of

layers adj acentré@itdEn@ri£pdato PNtiEONtrohihéy efied 28 an | wyes pOsttireaed on
a side away fromthe substrate contains a main conponent el enent of the

grains. 12. A riedi appbeglod oh Ngat inah anaydet ibefeéhd obf | AyB0S RAfmcent to
the orientation control layer, a |layer positioned on a substrate side has
one of 25 a hexagiomal a Kesesetf packedaghe it unea smdefiante- apnaeatds cubi c
structure as a cl osest packed crystal structure. 13. A nedium according to
claim 12, wherefabldel (to be presented later) shows a coercive force
15 Hc, squareness ratio Rs, and nucleation field Hn
obtained.
Also, a R/W test was conducted on the medium A by
writing a signal by using a single pole head and
reading out a signal by using an MR head. Table 1
20 {(to be presented later) shows the values of SNRmn,
overwrite characteristic, and dPW50 obtained.
The measurements were performed at a fixed
position, i.e., a radial position of 20 mm by rotating
the disk at 4,200 rpm.
25 S of SNRm as a medium S/N ratio is a value

obtained by halving the difference between peak

values, i.e., maximum + and - values obtained by



- 52 grains of the orientation control |ayer have an average grain size
smal | er than an average grain size of crystal grains in the |ayer
positioned on the substrate side and having the cl osest packed crystal 5
structure. 14. A magnetic recordi ng/ reproduci ng apparatus conprising a
magneti c recordi ng medi um and a recordi ng/ reproduci ng head, wherein the
magneti c recordi ng medi um conpri ses a-nomsagreti ¢ substrate, 10 an
orientation control |ayer formed on the nonnagnetic substrate, having a
granul ar structure containing a base material and grains dispersed in the
base material , caBdnAg¥eRgzatibhckBesssanblren tbakraIgsaild tsirze of the
grains, and a magnetic recording |layer 15 fornmed on the orientation control
| ayer. 15. An appafatns avamobdi SBYRio iel ahm 141 ueherfeirmst Herdoase mat eri al
contains at |east one material selected fromthe group consisting of boron,
silicon, tantahean shnemetrnncaksi atmd0d kEFedi.umThendveirmriides 20 and
carbides thereof. 16. An apparatus according to claim15, wherein the base
mat eri al cont acheractesastiondnddraities tdel getdd Pfom sHenglowpttdditsi sting
of BN, TaN, Ta2N, ZrN, CN, Cr2N, Si3N4, TaC, ZrC, B4C, ALN, and C 25 17.
An appar at us abEEPEPNEVESWELALIRILEC WhérEidiRg Shigftlat P ot &T | ayer
is a nonmagnetic |layer. 18. An apparatus according to cl.aim 14,_ wherein -
53 the ori ent RVEEHE AL RERY & 53 _;(F\%aﬁlﬁﬁ’@rlreg’la(‘? It N R N

saturation magnet,i z_%kjf: n_of nat nore than 400 emu/cc ang,ha coercive force
of not rore thén?$ TECPGALIRY SR At (& SalErdiy t 0 X ai m 14, wherein

the grains for ggg_m%t riéi%gq%%t QN ac%%ig{nl%lr‘]cilz% ronc%%aei%aaﬁ{ ,}Jo(ﬁﬁﬁ;i?ﬁnone

mat eri al sel ec fromth rroup consi 0 iron, co Um

platinum ni ckghy dhanhad;wal Ghie %so@té%e%@ra%tsﬁﬂc baron, and 10

rut henium 20. An apparatus according to alm 19, wherein the grains

contai nigt | eagtigeme (wahebyahnSeheGe Gutin (e e L ofRdhStddtth idfedt , Ru,
Co-Fe, Re, Ti, Ru-Cr, Ni-Ta, Co-Pt, Co-B, Co-Ru, Co-Cr, Co-Cr-M, Co-Cr-W
15 and Co- Cr - Pby 4li.ffAreappartadions bafearddiaigl taf tdraivgvdd;satheireitthd he grai ns
are made of a Co-Fe alloy. 22. An apparatus according to claim21l, wherein
t he grai ns ar emamthe tdfzad 16 Feveased gdmyiaomtas hid¥g 20 not | ess than 80
ate of Co. 23. An apparatus according to claim 14, wherein the grains have
an average grain si Zhefsamst afiffecttsharend gimiained AheipRuatRe, aRE@Ording to
claim 14, wherein 25 of layers adjacent to the orientation control |ayer, a
| ayer positionédlew aNsiTge adviey f CoRT el lubstGolt e ldsitaitrRu aalay/
conponent. el enent_ of _the grains. An apparatus according to

- 54 25,
clai m 143 wher &§F o LlgYer Sosdtic it 13 dhientidts ot mItt 3Syer, a

layer positi On%%eorc};r%isn%b%tg 6g"hee Solrcg.een aastioonne coofntrol layer, and TaN}

ZrN, TaC, ZrC, B4C, CrN, SizNg4, AIN, C, and the like
were used as the base material.
Also, the same effects as in Embodiment 1 of the
20 present invention were obtained when a 5-nm thick CoFe
seed layer which had a face-centered cubic structure
and in which (111) faces were oriented was formed,
instead of the Ru seed layer 13, by using a Co-1l0at%Fe
target.
25 In the present invention as described above, it
was possible to obtain a medium having a large

squareness ratio in the magnetostatic characteristics,



a hexagonal cl osest packed structure and face-centered 5 cubic structure as
a cl osest packed crystal structure. 26. An apparatus according to claim 25,
wherein the grains of the orientation control |ayer have an average grain
size smaller than an average grain size of crystal grains in the |ayer
positioned on the 10 substrate side and having the cl osest packed crystal
structure. .A A9. AL. AL. A(L. A9. A9. A9. AL. A26 -
& A9. A(. A9. A(9. A9. A9. AL. A&2. A9. A9. A(9. A9. A9. A&. A9. A&A. _S. A(& A .AL. A& A&
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layer of the medium B was also decreased.
In addition, the medium A of the present
10 invention was equivalent in OW value but superior in
SNRm and dPW50 values to the conventional medium B.
Embodiment 2
After a CoZrNb soft magnetic layer was formed on
a nonmagnetic glass substrate following the same
15 procedures as in Embodiment 1, the substrate was
opposed to a pair of a Pt target and Si3Ng target
arranged on the same plane. Ar gas was supplied to
maintain a pressure of 1.2 Pa, and, while discharge
was performed on the Pt target and Si3Ng4 target at DC
20 500 W and RF 1,400 W, respectively, the plane on which
these targets were arranged was rotated, thereby
forming a 5-nm thick Pt-Si3Ng4 orientation control
layer on the CoZrNb soft magnetic layer by sputtering.
After that, this substrate was opposed to
25 a Co-35at%Cr-20at%Pt target. Ar gas was supplied to
maintain a pressure of 0.5 Pa, and discharge was

performed at DC 1,000 W to form a 10-nm thick CoCrPt
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M 10% & () - Y41 rim BRI doct&%w (Dayer on the CoCrPtB
perpendicular recording layer by sputtering.
After all the film formation steps were complete,
15 the C protective layer was coated with a 13-A thick
PFPE lubricating agent by dipping, thereby obtaining
a medium C of the present invention.
FIG. 9 is a schematic sectional view showing the
arrangement of the obtained medium C of the present
20 invention.
As shown in FIG. 9, the medium C has an
arrangement in which a CoZrNb soft magnetic layer 12,
Pt-5i3Ny orientation control layer 21, CoCrPt
underlayer 22, CoCrPtB perpendicular recording layer
25 23, C protective layer 16, and lubricating layer (not
shown) are stacked in this order on a substrate 11.

In addition, a Pt-Si3Ng film sample was formed on
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a so-called granular structure in which the Pt grains
10 about 7 nm in diameter were dispersed at intervals of
about 2 nﬁ and surrounded by the Si3Ny base material.
The Pt-Si3Ny film sample was then cut into
a square piece'of 1 cm side, and the magnetostatic
characteristics of the sample were measured by the
15 VSM. As a consequence, the sample was nonmagnetic
because it showed no magnetization even when an
external magnetic field of up to 1,500 kA/m was
applied.
Also, when the composition of the Pt-Si3Ng4 film
20 sample was measured by an ICP-MS (Inductively Coupled
Plasma Mass Spectrometer) method, the atomic ratio was
substantially Pt : Si : N =9 : 3 : 4.
Furthermore, a CoCrPtB perpendicular recording
layer sample Qas obtained by forming a CoZrNb soft
25 magnefic film, Pt-Si3Ng4 orientation control layer,
CoCrPt underlayer, and CoCrPtB perpendicular magnetic

recording layer on a substrate following the same
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results are shown in Table 2 (to be presented later).
Comparative Example 2
15 For comparison, a medium D was obtained following
the same procedures as in Embodiment 2 except that
instead of the Pt-Si3Ng orientation control layer 21,
a 5-nm thick film was formed by sputtering by
supplying Ar gas to maintain a pressure of 1.2 Pa, and
20 performing discharge on an Si3Ny target at RF 1,400 W.
FIG. 10 is a schematic sectional view showing the
arrangement of the obtained medium D.
As shown in FIG. 10, the medium D has an
arrangement in which a CoZrNb soft magnetic layer 12,
25 Si3Ng4 layer 24, CoCrPt underlayer 22, CoCrPtB

perpendicular recording layer 23, C protective layer

16, and lubricating layer (not shown) are stacked in
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this order on a substrate 11.

In addition, a CoPrPtB perpendicular recording
layer sample was formed following the same procedures
as for the medium C except that neither a C protective

5 layer nor a lubricating layer was formed. When the
crystallinity was similarly checked by the X-ray
diffraction method, the sample had a hexagonal closest
packed crystal structure, and (002) faces were
oriented. However, when the planar structure was

10 observed with the TEM, the grin size was about 10 nm,
i.e., was not well decreased compared to the medium C.

Also, an Si3Ng film sample was formed on
a nonmagnetic glass substrate by using an Si3Ng4 target
under the same conditions as for the Si3Ny layer

15 described above. This sample was cut into a square
piece of 1 cm side, and the magnetostatic
characteristics of the sample were measured by the
VSM. As a consequence, the sample was nonmagnetic
because it exhibited no magnetization even when

20 an external magnetic field of up to 1,500 kA/m was
applied.

The magnetostatic characteristics and R/W
characteristics of the medium D were measured in the
same manner as in Embodiment 1. The results are shown

25 in Table 2 below.
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dPW50
(nm)
61
81

oW
(dB)

SNRm
(dB)
20.8|41.2

18.6(41.0

Hn
(kA/m)
-75

37

RS
9
88

Table 2

Hc
(kA/m)
337
298

Medium
C
D

Embodiment 2
Comparative
Example 2
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The medium C according to the present invention
was superior in SNRm and dPW50 of the magnetostatic
characteristics and R/W characteristics to the
conventional medium D.

Note that the same effects were obtained even
when Ré, Ti, CoCrW alloy, CoCrPt alloy, and the like
were used as the grains of the orientation control
layer, and BN, TapN, ZrN, TaC, and CryN were used as
the base material.

Embodiment 3

An Fe-llat%Al-17at%Si target and a nonmagnetic
substrate 1 were opposed in a vacuum chamber having
a vacuum degree of 1 X 10”5 Pa. In this vacuum
chamber, Ar gas was supplied to maintain a pressure of
0.6 Pa, and discharge was performed on the target at
DC 500 W to form a 130-nm thick FeAlSi soft magnetic
layer on the nonmagnetic substrate by sputtering.

This substrate on which the film was formed was
opposed to a Co-36at%Cr-18at’%Pt-3at%B target. Ar gas
was supplied to maintain a pressure of 0.6 Pa, and
discharge was performed at DC 300 W to form a 10-nm
thick CoCrPtB seed layer on the FeAlSi soft magnetic
layer by sputtering.

The resultant substrate was opposed to a CoFe-TaN
target obtained by mixing Co-8at%Fe alloy grains and
TaN grains at a volume ratio of CoFe : TaN = 2 : 3,

and sintering the mixture. Ar gas was supplied to
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maintain a pressure of 2.0 Pa, and discharge was
performed on the CoFe-TaN target at RF 500 W to form

a 5-nm thick CoFe-TaN orientation control layer on the
CoCrPtB seed layer by sputtering.

After that, the substrate was opposed to
a Co-26at%Cr-12at%Pt-4at%B target. Ar gas was
supplied to maintain a pressure of 3.0 Pa, and
discharge was performed at DC 500 W to form a 4-nm
thick CoCrPtB underlayer on the CoFe-TaN orientation
control layer by sputtering.

Subsequently, this substrate was opposed to
a Co-18at%Cr-15at%Pt-1at%B target. Ar gas.was
supplied to maintain a pressure of 3.0 Pa, and a 17-nm
thick CoCrPtB perpendicular recording layer was formed
on the CoCrPt underlayer by sputtering at DC 500 W.

Finally, a 7-nm thick DLC (Diamond Like Carbon)
protective layer was formed on the CoCrPtB
perpendicular recording layer by CVD.

After all the film formation steps were complete,
the DLC protective layer was coated with a 13-A thick
PFPE lubricating agent by dipping, thereby obtaining
a medium E.

FIG. 11 is a schematic sectional view showing the
arrangement of the obtained medium E of the present
invention.

As shown in FIG. 11, the medium E has an

arrangement in which an FeAlSi soft magnetic layer 25,

10%
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CoCrPtB seed layer 26, CoFe-TaN orientation control

9'f10%5 & ()- 1 940% 5 & ()- #- 10%5 & ()- 1410%
410% 5 & ()-$Kz|[:vU410 Y4310% 5 & () - y210% 5 & ()-
. 10%5 & ()- ,!10%5 & ()- *10%5 & ()- KLMNUvU410

layer 27, CoCrPtB underlayer 28, CoCrPtB perpendicular

recording layer 29, and DLC protective layer 30 are
stacked in this ordgr on a substrate 12.

Also, a CoCrPtB underlayer was formed on
a nonmagnetic glass substrate in the same manner as
above by using the Co-36at%Cr-18at%Pt-3at?B target of
the medium E, thereby obtaining a CoCrPtB underlayer
sample.

When the crystallinity of the sample was checked
by the X—réy diffraction method, the sample was a film
in which (002) faces of a hexagonal closest packed
structure were oriented. Also, when the planar
structure of this CoCrPtB underlayer sample was
observed with the TEM, the average grain size was
12 nm.

In addition, the CoFe-TaN target described above
was used to form a film on a nonmagnetic glass
substrate under the same conditions as above, thereby
forming a CoFe-TaN film sample. The characteristics
of this sample were checked.

The planar structure of this CoFe-TaN film sample
was observed with the TEM at a magnification of
X1,000,000. Consequently, the sample had a so-called
granular structure in which CoFe grains about 6 nm in
diameter were evenly dispersed at intervals of about

2 nm and surrounded by the TaN base material.
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When the composition of the CoFe-TaN film sample
was measured by the ICP-MS method, the atomic ratio
was Co : Fe : Ta : N=9 : 1 : 4 : 4,
The CoFe-TaN film sample was then cut into
5 a squére piece of 1 cm side, and the magnetostatic
characteristics were measured by applying a maximum
external magnetic field of 20 kA/m by the VSM.
As a cohsequence, the saturation magnetic field Ms was
about 70 emu/cc, and the coercive force was 7 kA/m,

10 indicating that the sample was weakly magnetic.

Also, a CdCrPtB perpendicular magnetic recording
layer sample having the same structure as the medium E
except that neither a DLC protective film nor
a lubricating layer was formed was obtained.

15 When the crystallinity was checked by the X-ray
diffraction method, the sample had a hexagonal closest
packed crystal structure, and (002) faces were
oriented.

The planar structure of the CoCrPtB perpendicular

20 recordihg layer was observed with the TEM at
a magnification of X1,000,000. As a consequence,
the grain size was about 6 nm.

The magnetostatic characteristics and R/W
characteristics of the medium E were measured in the

25 same manner as in Embodiment 1. The results are shown

in Table 3 (to be presented later).
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Compafative Example 3

For comparison, é conventional medium F was
obtained following the same procedures as in
Embodiment 3 except that no CoFe-TaN orientation

5 control layer was formed.

FIG. 12 is a schematic sectional view showing the
arrangement of the medium F.

As shown in FIG. 12, the medium F has the same
structure as the medium E shown in FIG. 11 except that

10 the CoFe-TaN orientation control layer 27 was not
formed.

When the crystallinity of the medium F was
checked by the X-ray diffraction method, the medium F
had a hexagonal closest packed crystal structure, and

15 (002) faces were oriented.

The planar structure of the CoCrPtB perpendicular
recording layer was observed with the TEM at a
magnification of X1,000,000. As a consequence, the
grain size was about 10 nm. That is, the grain size

20 of the CoCrPtB perpendicular recording layer sample of
Embodiment 3 was smaller.

The magnetostatic characteristics and R/W
characteristics of the medium F were measured in the
same manner as in Embodiment 1. The results are shown

25 in Table 3 below.

Table 3 shows that even when the orientation

control film having a granular structure was formed
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procedures as in Embodiment 3 except that the
thickness of a CoFe~TaN orientation control layer was
changed to 10 nm. Also, following the same procedures
10 as for the medium G, a CoFe-TaN film sample was formed
by forming a CoFe-TaN orientation control layer on
a nonmagnetic substrate.
When the planar structure of this CoFe-TaN film
sample was observed with the TEM at a magnification of
15 X1,000,000, the grain size was about 6 nm.
Comparative Example 5
A medium H was obtained following the same
procedures as in Embodiment 3 except that a CoFe-TaN
target containing Co-8at%Fe alloy grains and TaN
20 grains at a volume ratio of CoFe : TaN =1 : 1 was
used to form a 5-nm thick CoFe-TaN orientation control
layer on a CoCrPtB seed layer by sputtering by
performing discharge at DC 500 W while the Ar gas
pressure was maintained at 0.5 Pa. Also, a CoFe-TaN
25 film sample was formed on a nonmagnetic substrate in

the same manner as for the CoFe-TaN orientation

control layer of the medium H.
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The planar structure of the CoFe-TaN film sample
was observed with the TEM at a magnification of
X1,000,000. Consequently, the CoFe grains having
a grain size of about 9 nm were dispersed in the TaN
base material.

When the magnetostatic characteristics were
measured, the saturation magnetization Ms was
560 emu/cc, and the coercive force Hc was 10 kA/m.

Comparative Example 6

A medium I was obtained following the same
procedures as in Embodiment 3 except that a CoFe-TaN
target containing Co-8at%Fe alloy grains and TaN
grains at a volume ratio of CoFe : TaN = 3 : 2 was
used, and the thickness of a CoFe-TaN orientation
control layer was changed to 10 nm. Also, a CoFe-TaN
film sample was formed on a nonmagnetic substrate in
the same manner as for the CoFe-TaN orientation
control layer of the medium I.

The planar structure of the CoFe-TaN film sample
was observed with the TEM at a magnification of
X1,000,000. Consequently, the CoFe grains having a
grain size of about 12 nm were dispersed in the TaN
base material.

Comparative Example 7

A comparative medium J was obtained following the
same procedures as in Embodiment 3 except that a Cr

seed layer was formed instead of the CoCrPtB seed
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layer. Also, a Cr seed layer sample was obtained by
forming an FeAlSi soft magnetic layer and Cr seed
layer on a substrate following the same procedures as
in Embodiment 3. 1In addition, a CoFe~TaN film sample

5 was obtained by further forming a CoFe-TaN orientation
control layer oh the Cr seed layer sample.

When the crystallinity of the Cr seed layer

sample was checked by the X-ray diffraction method,
(200) faces of Cr having a body~centered cubic

10 structure were oriented. When the planar structure of
the CoFe-TaN film sample was observed with the TEM,
the CoFe grains having a grain size of about 2 nm were
dispersed in the TaN base material. This is
presumably because the Cr seed layer having the

15 body-centered cubic structure was used in the medium
j, so the average grain size of the CoFe grains in the
CoFe-TaN orientation control layer formed on the Cr
seed layer was smaller than that of the CoFe-TaN
orientation control layer of the medium E of

20 Embodiment 3.

Table 3 shows the results of measurements of the

magnetostatic characteristics and R/W characteristics

of Comparative Examples 4 to 7.
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As in Comparative Example 4, when the thickness
of the orientation control layer having a granular
structure was larger than the size of grainé forming
this granular structure, degradation of the coercive

5 force and squareness ratio was large, and SNRm and
dPW50 degraded.

As in Comparative Example 5, when the
magnetization and coercive force of the orientation
control layer having a granular structure were large,

10 the coercive force and squareness ratio increased, but
SNRm and dPW50 degraded.

As in Comparative Example 6, when the grain size
of the granular underlayer was larger than 10 nm, the
coercive force and squareness ratio increased, but

15 SNRm and dPW50 more or less degraded. 1In particular,
degradation of dPW50 was large.

As in Comparative Example 7, when a film having
a body-centered cubic structure, rather than a closest
packed crystal structure, was used in the seed layer

20 adjacent to the substrate side of the orientation
control layer having a granular structure, the grain
size of the granular structure became too small. As a
consequence, neither the magnetostatic characteristics
nor the electromagnetic conversion characteristics
25 improved.
Embodiment 4

In Embodiment 4, all films were formed in
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a vacuum chamber having a vacuum degree of 1 X
1072 Pa. A Co-6at%zr-10at$Nb target and a nonmagnetic
glass substrate 40 were opposed in the vacuum chamber.
In this vacuum chamber, Ar gas was supplied to

5 maintain a pressure of 0.6 Pa, and discharge was
performed on the Co-6at?Zr-10at%Nb target at DC 500 W,
thereby forming a 200-nm thick CoZrNb soft magnetic
layer on the nonmagnetic glass substrate by .
sputtering.

10 In addition, this substrate on which the film was
formed was opposed to an Ru target. Ar gas was
supplied to maintain a pressure of 0.5 Pa, and
discharge was performed at DC 1,000 W to form a 5-nm
thick Ru seed layer on the CoZrNb soft magnetic layer

15 by sputtering.

The resultant substrate was opposed to a CoFe-BN
target obtained by evenly mixing Co-10at%Fe grains and
BN grains at a volume ratio of CoFe : BN =1 : 3, and
sintering the mixture. Ar gas was supplied to

20 maintain a pressure of 1.0 Pa, and discharge was
performed at RF 1,000 W to form a 3-nm thick CoFe-BN
underlayer on the Ru seed layer by sputtering.

The substrate was then opposed to a target
obtained by mixing a CoCrPt powder made of a

25 Co-18at%Cr-15at%Pt alloy and an SiOjp powder at a
volume ratio of CoCrPt : SiOp = 1 : 2, and sintering

the mixture. Ar gas was supplied to maintain
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a pressure of 2.0 Pa, and a 12-nm thick CoCrPt-SiOjp
perpendicular recording layer was formed on the
CoFe-BN underlayer by sputtering at RF 500 W.

Finally, this substrate was opposed to a C

5 target. Ar gas was supplied to maintain a pressure of

0.5 Pa, and discharge was performed at DC 1,000 W to
form a 7-nm thick C protective layer on the
CoCrPt-Si0Os perpendicular recording layer by
sputtering.

10 After all the film formation steps were complete,
the C protective layer was coated with a 13-A thick
PFPE lubricating agent by dipping, thereby obtaining
a medium K.

That is, the medium K of Embodiment 4 of the

15 present invention had the same structure as the medium
A of Embodiment 1 of the present invention except that
the recording layer was CoCrPt-SiOs. This CoCrPt-Si0sp
perpendicular recording layer of the medium K of
the present invention was observed with the TEM.

20 Consequently, the layer was a granular magnetic film
in which the Si0; base material surrounded the CoCrPt
grains having an average grain size of 5 nm such that
these grains were separated by 2 nm on average.

Comparative Example 8

25 As a comparative example, a comparative medium L

was formed following the same procedures as for the

medium K of Embodiment 4 of the present invention
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except that no CoFe-BN underlayer was formed.

Table 4 below shows the results of measurements
of the magnetostatic characteristics and R/W
characteristics of Embodiment 4 and Comparative

5 Example 8.
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As in Embodiment 4, even when the granular layer
was also used as a magnetic recording layer, the use
of the nonmagnetic granular layer as an underlayer
increased the coercive force and squareness ratio, and

5 increased both the SNRm value and resolution.
However, the values of these characteristics were
slightly worse than those of Embodiment 1 in which no
granular film was used as the recording layer.

In the present invention as has been explained

10 above, magnetic recording can be performed at a high
recording density by increasing the medium noise ratio
and recording resolution by decreasing the grain size
of crystal grains of a magnetic recording layer and
improving the orientation of these grains.

15 _ Note that in the embodiments and comparative
eXamples described above, layers were stacked on one
surface of a substrate. However, layers can also be
stacked on the two surfaces of a substrate by
performing sputtering with the substrate placed

20 between a pair of targets.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

25 shown and described herein. Accordingly, various
modifications may be made without departing from

the spirit and scope of the general inventive



h hF 9-10% 4/ & ()- h3 810% 4/ & ()-}Y|[:vU4h!! KOF% 109R232& () -

KOF9% 109242& ()-h h9'10% 4/ & ()-f hom'10% 4/ & ()-@ \9ni 10%H#& ()- @
h& 109% 1/ & ()-fl{vU4h!! 91 1094& ()-g 9'10%,3 & ()-g h9mLO%J 4U

& ()-102421024210242h kLS2 ! 109R428&' ()-f pLS2 ! 109717& ()-fx#P(Y|[: vUsh! !
~y#" 109 _1k& ()- \y#"10% 41 & ()-h h! 10%J 4U & ()- fY'10%84S& ()- h
\Y"10% 31& ()- h9l 10%J 4U & ()-gY-CvUdhldoh L 10% 4& ()-

hLIMLO% 4& () - 1OX4X10X4X10X4X K&&6 "109%4X& ()-h h F410%J 4U & () -

y#" 10%_4p& () - Er| obUsh!! h10% *& ()-10_410 410 _4 h10%4& ()- h

f10% 4& ()-h h d%4$ (s dhe £0% 48y (9hd Lagodii¥ad & trhs 1094 *&hdir U

109 *& ()-U 109%*& ()-U 109 *& ()-U 10% *& ()-U 109% *& () - UgK+, 4

10% *& ()-U 10%d & ¢a1dhtdH% *& ()-U 10%*& ()-U(;c* ( 10%*& ()-UT8, 4
109%*& ()-U ;c* 109 *& ()-U 10%*& ()-U 10% *& ()-U 10% *& ()-UnH, 4 10%

10% *& ()-U 10%*& ()-U 10%*& ()-U 10% *& ()-U 10%*& ()-U 10%*& () - WG ,
109 *& ()-U 109 *& ()-U 109 *& ()-U 10%*& ()-U c* 10%*& ()-U %-.:C ,
109 *& ()-U c* 109%*& ()-U 10%*& ()-U 10% *& ()-U 10% *& ()- U ; <=>?@\ X<
109% *& 109 *& ()-U 10% *& ()-U 10% *& ()-U% 10% *& ()-U 10% *& ()-U

109 *& ()-U 10% *& () - UABCFJOShH(< 10% *& ()-U 10%*& ()-U 10%*& ()-U
10%*& ()-U 109%*& ()-U; c* SX] akl cG+< 109%*& ()-UU 10% *& ()- U; c*

109 *& ()-U 109 *& ()-U 109 *& () - U mopgqrt X< 109 *& () - UU 1094 *

109 *& ()-U 10% *& ()-U 10% *& ()-U 10% *& ()-U 10% *& ()-U

10% *& () - Ur st uvwx{ na@ 10% *& Lnl0%J 4U & ()- 10*10*10*& : 10% & () -

109%*& ()-U c* OEly@[: @10% LI 9% 10% 41 & ()- @9, m' 109 -2U & ()- 4
9, i 10%54S8& () - 4



L109%J 4U & ()- L!10%B4 & ()- L!10% L4 & ()-@,vU4 L109BA& ()-
L1098A& () - 10X2X10X2X10X2X L. "10962X& ()- L."10%4a& ()- LI 9% 109 &U

& ()-@vUs "110% &1 & ()- ~110%3& ()- L 10% 25 & ()- 910% 25

& ()- 109410941094 , 10984& ()-2bt|[:vU4 1°10%25 & ()- 10% 25 & ()- ML0%
25 & ()- ,!109%4& ()- ~10%25 & ()- 10%25 & ()-t9al [[:vU4  &9610% 25 & ()-
()11093& ()- ()!'10% G4 & ()- ()!10%-& ()50 -L'10% 25 & ()-

#'1098& ()-1s~vU4 °, 10% 25 & ()- f10% 25

WHAT IS CLAIMED IS:

1. A magnetic recording medium comprising a
nonmagnetic substrate, an orientation control layer
formed on the nonmagnetic substrate, having a granular

5 structure containing a base material and grains
dispersed in the base material, and having a thickness
smaller than a grain size of the grains, and a
magnetic recording layer formed on the orientation
control layer.

10 2. A medium according to claim 1, wherein the
base material contains at least one material selected
from the group consisting of boron, silicon, tantalum,
chromium, aluminum, zirconium, and nitrides and
carbides thereof.

15 3. A medium according to claim 2, wherein the
base material contains at least one material selected
from the group consisting of BN, TaN, TapN, ZrN, CrN,
CroN, SisNg4, TaC, ZrC, ByC, AIN, and C.

4. A medium according to claim 1, wherein the

20 orientation control layer is a nonmagnetic layer.

5. A medium according to claim 1, wherein the
orientation control layer is a weak magnetic layer
having a saturation magnetization of not more than
400 emu/cc and a coercive force of not more than

25 8 kA/m.

6. A medium according to claim 1, wherein the

grains forming the orientation control layer contain
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at least one material selected from the group

consisting of iron, cobalt, rhenium, platinum, nickel,

tantalum, chromium, molybdenum, tungsten, boron, and

ruthenium.

7.

A medium according to claim 6, wherein the

grains contain at least one material selected from the

group consisting of Pt, Ru, Co-Fe, Re, Ti, Ru-Cr,

Ni-Ta, Co-Pt, Co-B, Co-Ru, Co-Cr, Co-Cr-Mo, Co-Cr-W,

and Co-Cr-Pt.

8.

A medium according to claim 7, wherein the

grains are made of a Co-Fe alloy.

9.

A medium according to claim 8, wherein the

grains are made of a Co-Fe-based alloy containing not

less than 80 at% of Co.

10.

A medium according to claim 1, wherein the

grains have an average grain size of not more than

10 nm.

11.

A medium according to claim 1, wherein of

layers adjacent to the orientation control layer,

a layer positioned on a side away from the substrate

contains a main component element of the grains.

12.

A medium according to claim 1, wherein of

layers adjacent to the orientation control layer,

a layer positioned on a substrate side has one of

a hexagonal closest packed structure and face-centered

cubic structure as a closest packed crystal structure.

13.

A medium according to claim 12, wherein the
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grains of the orientation control layer have an
average grain size smaller than an average grain size
of crystal grains in the layer positioned on the
substrate side and having the closest packed crystal
structure.

14. A magnetic recording/reproducing apparatus
comprising a magnetic recording medium and a
recording/reproducing head, wherein the magnetic
recording medium comprises a nonmagnetic substrate,
an orientation control layer formed on the nonmagnetic
substrate, having a granular structure containing
a base material and grains dispersed in the base
material, and having a thickness smaller than a grain
size of the grains, and a magnetic recording layer
formed on the orientation control layer.

15. An apparatus according to claim 14, wherein
the base material contains at least one material
selected from the group consisting of boron, silicon,
tantalum, chromium, aluminum, zirconium, and nitrides
and carbides thereof.

16. An apparatus according to claim 15, wherein
the base material contains at least one material
selected from the group consisting of BN, TaN, TasN,
ZrN, CrN, CrpN, SigNg, TaC, zZrC, ByC, AlN, and C.

17. An apparatus according to claim 14, wherein
the orientation control layer is a nonmagnetic layer.

18. An apparatus according to claim 14, wherein
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the orientation control layer is a weak magnetic layer
having a saturation magnetization of not more than

400 emu/cc and a coercive force of not more than

8 kA/m.

5 18. An apparatus according to claim 14, wherein
the grains forming the orientation control layer
contain at least one material selected from the group
consisting of iron, cobalt, rhenium, platinum, nickel,
tantalum, chromium, molybdenum, tungsten, boron, and

10 ruthenium.

20. An apparatus according to claim 19, wherein
the grains contain at least one material selected from
the group consisting of Pt, Ru, Co-Fe, Re, Ti, Ru-Cr,
Ni-Ta, Co—Pf, Co-B, Co-Ru, Co-Cr, Co-Cr-Mo, Co~-Cr-w,

15 and Co-Cr-Pt.

21. An apparatus according to claim 20, wherein
the grains are made of a Co-Fe alloy.

22, An apparatus according to claim 21, wherein
the grains are made of a Co-Fe-based alloy containing

20 not less than 80 at% of Co.

23. An apparatus according to claim 14, wherein
the grains have an average grain size of not more than
10 nm.

24. An apparatus according to claim 14, wherein

25 of layers adjacent to the orientation control layer,
a layer positioned on a side away from the substrate

contains a main component element of the grains.
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a hexagonal closest packed structure and face-centered
5 cubic structure as a closest packed crystal structure.
26. An apparatus according to claim 25, wherein
the grains of the orientation control layer have an
average grain size smaller than an average grain size
of crystal grains in the layer positioned on the

10 substrate side and having the closest packed crystal

structure.



