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PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND MAGNETI C RECORDI Njhmﬂtwwm
The preﬁmmummﬁﬂm used in a particularly, to mediumused in
Convent ND OF THE I NVENTION i nvention relates to a recopdi*'ng .
magnet i ¢ disko@ppar at us and, nore a perpendi cul ar magnetic recordi ng
per pendi cul ar magnetic recording 1ly, a nmagnetic recordi ng apparatus uses a
| ongi tudi nal nagnetic recording systemih i ch the magneti zation direction
in a magnetic recording layer points in the |ongitudinal direction.
Unfortunately, this |ongitudinal nmagnetic recording 15 system has the
problemthat if, in order to inc?éﬁgg PRe THECSNYENG I@8nsi ty, the size of
magnetic grains in the recording |ayer is decreased to inprove the nmedi um
Si gnal to noi se PFREFYDISNRAR, G AESORRENG M AP LS MY 1o
thermal decay. To inprove_the 20 nmedi um SNR and prevent thermal decay, the
conventi onal apBFEQgﬁlﬁg PEEARALESt he magneti c ani sotropy of the recording
| ayer. However, the nagnetic i C I rai sed since the
ease with which a recording hggﬁﬁg%%gﬁﬁé(ﬁﬂﬁ@ﬁ%ﬁﬁﬁgﬁ&%ﬁ§¥ be taken into 25
consideragion. Thi s q%ﬁ?%ﬁéﬁéﬂgffdvg 4 iggya\g%tggagm¥gég%53 by
reduci ng medi um noi se and to |nprover¥ e thermal decay resistance at the
same time. 1 Yedifm LGOBL 3Shadnd PRGN UM A JBARY | Gudyeeor di ng
systemin which the magnetization direction in magneti c recordi ng | ayer
i s perpendi cul apariagnebira i ebds Wirelanstialiildrz & dpanetd zaldamiidy er act
with each 5 other in a nmagnetization transition region. This forns a steep
transition regi gadaneg ueeweases Phepeaeaidilng dengidtic readdiiipn, a
recording layer thickness for obtaining the sanme recording resolution is
| arger than in aykaegi.tudi nal magnetic recording nedium This is 10 al so
advant ageous agai nst thernmal decay since the magnetic grain volune in the
recordi n§0l ayer can Benveortdased.ly,n acasgndidbic ttecortiordiagpaieaisisy of a
bit is small, a large demagnetizing field is forned in a recording bit, and
this increases tReFmal leagayudinaliopagaetichaerrddacayysEen difl e at hi gh

density, unlike in a |longitudinal nmagnetic recording nedi um Furthernore,
when a perpendi ¥BLER RS- Pageesd 2R A NEd R HAN g & JFdatdgnetic fil m
bel ow a perpendi cul ar,,magneti c recordi ng |l ayer. is .ysed, the 20 head
Tagnet 1o 116l - EEHODEiP RN EYEEdPEMmEdr ad (5 GREIHERe IRt o -
recordi ng. Henc a_matecial havi.ng.lar ani satraop an, he used as a

medi um For the ngggggﬁs?ayhe%ééPpéﬁgﬂg%P %nﬁggﬁg¥¥§§?é%§%ﬁfﬁﬁﬂ§§%ten1has
attractedrattenti N o S cribed aho : ar ed
to Iongi?adinaIEkggﬁgtPégrgg%rﬁgﬁé?%#hghéﬁlgﬁ?hf@kﬁgés o#ﬁiﬁe reébrding f
- 3 layer can bgcl Rete2dedq BeP@RRENdited afi /B YR Hrigndiawever,
if this filmthickness is téo large, the witing capability of the head is
not satisfactoryheseecbhboglihgCoagieRy idedicrasanal lendroaes il intgdim When
recording density in the future is taken into consideration, however, the
filmthickness efighhé tecandisegrkayer, ISNRpr efeetcaldey din floeastt imth nm or | ess,
and nore preferably, 30 nmor |less. A high SNR of the recordi ng medi um can
be al so 10 an i Aperparareharatyetiosttherasli deday .| oy tiwdineate ridgnetic
recordingpnediun1 In the | ongitudinal magnetic recording medium it is

known as4Pt is Bpféer vERt andepreysatt fbesmad cfeamagndticc qpraians dadi ng

the recording layer. It i.s known as the SNR , ,
approach is to raise the magnetic anisotropy of the

recording layer. However, the magnetic anisotropy

can no longer be raised since the ease with which a

recording head records information must be taken into
25 consideration. This makes it difficult to improve the

medium SNR by reducing medium noise and to improve the

thermal decay resistance at the same time.



" 15 can al so be effectively raised by decreasing the crystal grain size in
the longitudinal direction and inserting a nonmagnetic | ayer between
recording |layers. Even in a perpendicul ar magnetic recordi ng nedium as
described in, e.g., Jpn. Pat. Appln. KOKAI Publication 20 No. 7-176027, a
nonmagnetic interlayer is forned between recording | ayers, and each | ayer
is epitaxially grown. However, when individual magnetic |ayers are
epitaxially grown in a perpendicul ar magnetfc recordi ng nedi um noise
conponents are also aligned in these 25 | ayers, so | ow noi se cannot be
achieved. The influence of this aljgnnment of noise conponents in the, upper
and | ower magnetic | ayer®ntEdndit iidhaR S RERM FRtahtMagneticgregording
per pendi cul ar two-| ayer.ed film nedi um capabl e of ideal perpendicul ar
magnet i ¢ recordisﬁé.te%h B ThE Ragnste 3idmfly B S RE A ByRr is for med
bet ween the upper. _and .l ower magneti.c | ayers, these nmagnetic |layers 5 are

magnetical |y di TS Ced R lﬁﬁ%ﬁ t%ﬁfgﬁﬁﬂﬁﬁqﬁﬁi T RS Cunit is
small in the filmhbicknasy deshion #o.the ediamisyuaeraale Lo,
So.5 Shdicdlar medi ur E a‘%}ge s}%ruc(fure

t hermal decay. SO, as a perpendi aving a s
using no ignterl r, n. z%RB' ggg% UL Publ.i cat i n ; 5
di scl oses 5a Co- gﬁ%p?érr égln(% ggﬂtgélre]t%agnetdlhc r ecgr&h%lncgpn% udnlfv\hg%alsoafé]ég’

Si gnal -t 0- noi se 4 aftiedd % iR BeBlACKMY @dddHad t%@fré@&mﬂf
| ayers in which the conposition distribution of C changes in the film

thi ckness 15 di ieeisii@y. ame Rydsaningi rg dddcrdieapriywr nadicknedd htdr ri ng
recordi ng head. Unfortunately, the filmthickness of this nmagnetic

recordi ng | ayer obtadsinar gteasat@) rewcl,diGy masdfuttivrs imagietder rideat di ng
| ayer is thin, e.g., 50 nmthick, the C conposition 20 distribution does
not sufficientlynchadgaditutiaafl magnetdmesssadidient inmdiuss. a Yoiseigience,
the SNR cannot be inproved. As described above, in a perpendicul ar nmagnetic
recor di ngOmedi umliso iaslvagdiadsiois tgadatfitevdasmal aldnagh el decay
resi stance and a high SNR and to _decrease the thickness of a magnetic
recordi ng | ayer magnetics grpRnErodUMGARY: Gher e qauvENe O Yite GRtedeht

i nventi on has been nmade to sol ve the abov robl em, and, has, as its qbject
Aot LR i - S P S R R KRR R T A R
a high medi um SNR Aﬁrﬁr pemii crul ar mag;neti.c g ecogidi

s a i

ng Jredi um accaording to
the present i nvént i°6t gteerdleﬁnea rﬁytlczc}nri%i S|enlgogalssu%osrtn}eacfel,n and a

per pendi cul ar ”%%%Eo“rdri%]%oﬁoqitng A & (W 1iGIL S ST B QL f NG Sppstrate

anal in 10 which epitaxia gr oWt h I's Tnterrupted. A nagnetic _
recordi ngbr eadi g, ARRAT, Al rAHA0W e R HIL ANt i JIV IEA DI 5

characterized by conprising a perpendicul ar magnetic recordi ng nedi um
having a substr ahe. kandna apaipeduelingdl Megmeitdic neae e ingy Infdiun .
Furthermore, when a perpendicular two-layered
film medium having a soft magnetic film below a
perpendicular magnetic recording layer is used, the
20 head magnetic field can be increased compared to
longitudinal magnetic recording. Hence, a material
having large anisotropy can be used as a medium.
For these reasons, the perpendicular magnetic
recording system has attracted attention in recent
25 years.

As described above, when compared to longitudinal

magnetic recording, the film thickness of the recording



" 15 Which is formed on the substrate and in which epitaxial gromh is
interrupted, driving mechanismfor supporting and rotating the nmagnetic
recordi ng medium and a single-pole recording head which records 20
information on the magnetic recording nedium Additional objects and
advant ages of the invention will be set forth in the description which
follows, and in part will be obvious fromthe description, or may be

| earned by practice of the invention, The objects and 25 advantages of the
invention may be realized and obtained by neans of the instrunentalities

and conbi nati on particulﬁgly, oi nted out hereinafter. Y - 6, BRIEF
DESCRI PTI ON OF SEERRALP F5 SHE IDIRRTRRE THe! LR E oRPERG T Y dr awi ngs,

which are incorporated in and constitute .a part.of the specification,
illustrate preséﬁﬁ%f%%ﬁﬁtﬂr A Ehtodi rﬁ%&%fE{HE %h+ﬁ5%§f?ohsa 9° toget her

wi th the gener at%ioaorn ede re; %éi%niﬁro%%)ﬂft ”gftthy? dﬁé&ifll ed rqlggcri ption of

the preferred e ol Tfent s gi'ven Serve to exprain h%sprlnciples of

the i tion. F.G; j i i i re ts.10 an
exgnkrgegflghe:§%§%§%#E%£%¥y§%%l I Q&%ifﬁgﬁé %%%%?%Yn§£$§§gr§%sed in a

magneti ¢ recor ding iRl WALS . t hghdH 658 rd AWML £ F1 G5 €nd SFRLYEEW s
showi ng a nodel which represents anot her exanpl e of ¥he state of the

crystal in the kKawegneiic daeoidingiayerndisesed N the Mponeth Lckesos di ng
medi um of the present invention; FIG 3 is a sectional view show ng an

exanpl e of the stff utHdirremirdiey Megret | s recof i g yredi ueost t be prnesent
invention; 20 FIG 4 is a sectional view showi ng anot her exanple
less, and more preferably, 30 nm or less.
A high SNR of the recording medium can be also

10 an important characteristic as in the longitudinal
magnetic recording medium. In the longitudinal
magnetic recording medium, it is known as it is
effective to decrease the size of magnetic grains
forming the recording layer. It is known as the SNR

15 can also be effectively raised by decreasing the
crystal grain size in the longitudinal direction and
inserting a nonmagnetic layer between recording layers.
Even in a perpendicular magnetic recording medium, as
described in, e.g., Jpn. Pat. Appln. KOKAI Publication

20 No. 7-176027, a nonmagnetic interlayer is formed
between recording layers, and each layer is epitaxially
grown. However, when individual magnetic layers are
epitaxially grown in a perpendicular magnetic recording
medium, noise components are also aligned in these

25 layers, so low noise cannot be achieved. The influence
of this alignment of noise components in the upper and

lower magnetic layers is particularly significant in




"of the structure of the magnetic recordi ng nedi umof the present invention;
FIG 5 is a schematic view showi ng an exanple of the arrangenent of a
magneti ¢ recordi ng/ readi ng 25 apparatus of the present invention; FIG 6 is
a sectional view showi ng still another exanple of the structure of the
magnetic recordi ng n S nmediumof the present invention; FIG 7 is a
sectional view showi ng still another exagplg of the structure of the
magneti c recordi ng nmedi um of the present invention; and 5 FIG 8 is a
sectional view showing still another exanple of the structure of the
magnetic recordi ngCF medi uin of. t he r_efent i nvgn i on.  DETAI LE[%HEESC?I PTI ON OF
THE | NVENTI ON A et ittt A 2 halgiet 1 &Y $ 58dr Jrifa Hedt th GFPEREC 185 pr esent

nvention has a syhs! L and & per Rendioul ar (RgRGLLS T ecor diing: | gyer

formed on the s rate 'S perpe cul ar “ragne recordrng ?ayer,

epi t axi al CryStaéir%é)ml{E q{o%}?é’&fc 9 L D51 4 S NEETELPLE -béBwégﬁsP}ﬁlgse”t

i nvention, the perpendi cul ar magnet1 c recording |ayer has rni | m

thi ckness di rectijgl..a [t ti Qi Mk &b epi 4 pi @l @M@é%agﬁ@%é PLYQtPﬁ“e“ c

grains is interrupted. This prevents nol se generated on ohe side o e

portion ofs i nt ergmPtiLih i 28 NBF Ml SWood S€e@ENEL3EEHI ORI he ehber side, 20
t hereby i nproving the nmedium SNR. Al so, the perpendi cul ar nmagnetic

recordi ng | ayer misgtbt inzdthieompnesentsa nvieni £ ohs | SmADL MROHRE | €alhy

di sconnected in the filmthickness direction, although epitaxial crystal
growt h is interruptachess tdiateaki ¥act i om. t126 dedbundi hgl yulhdéeabhe ckoess in
the filmthickness direction of a nmagnetization reversal unit becones
sufficient, so &hagpel egay. detkso r 639 52 PR eatipelar mediumohawingd.
The perpendi cul ar magnetic recording | ayer preferably has two or nore

| ayers. The thi ckrfdtCkFd (i BIGaR AeT B a0 nEyFRE 1 2YSr r ed i BYL} ayer is
preferably 5 to 50 nm _and nore preferably nm  |f_this thickness

10 to 30
is |ess tifan 5|ﬁﬁp%qﬂaKﬁﬁﬂﬁglgﬁﬁ%¥ﬁﬁ§&ﬂﬁnﬂoirPQTéﬂ$%%d¢H$%bo$%§e@ is not
sufficient, and this decreases the head output. If an a ratus is
assenbl ed usi ng %—iér ﬁ?rrpeecrﬁf]ncf"ﬁga%mgmﬁtlr% ?%c%lf‘l“erhgi‘ﬁ%g%‘élf‘b‘t’léof% obt ai n
a high error rate. the ot. if the I S eeds_50 nm the
W i tigng capabi | ist%)?n(%lt erhoelarge(;é b%ﬂ‘%sl%njé f%?%%@fy?tgéglfﬁearecordi ng

resolution off e A0PS £yl D AhLHKAPIE Aydhe B et ehd Mihsds e daxi al

crystal growmh i's interrupted 1's a perpendi cul ar nmagneti c recordi ng | ayer

whi ch has first @ngdseaandieonetd ClaV@Es i thd St OIFefh PAkRe SHbSt rat e,
and in which the easy axis of magnetization of the nmagnetic 20 grains

crystal im the fdinsdctrgnetdrd IRy efondDiasi nt thkd che ddrved BO@ Ym&kigm Of
magneti zati on of the magnetic grain crystal in the second magnetic |ayer.
FIG 1 is a viewistiow nyray megdedrding theapr edanfsr mumageaey, ctiiecdi thng
medi um havi ng two magnetic | ayers
thickness of this magnetic recording layer is as large
as 100 to 1,000 nm. If this magnetic recording layer
is thin, e.g., 50 nm thick, the Cr composition
20 distribution does not sufficiently change in the film
thickness direction. As a consequence, the SNR cannot
be improved.
As described above, in a perpendicular magnetic
recording medium it is desirable to achieve both a high

25 thermal decay resistance and a high SNR and to decrease

the thickness of a magnetic recording layer.



25 different in easy axis of magnetization. As shown in FIG 1, this
magnetic recording medi um has a structure in which a bias application |ayer
2, - 9 a soft nmagnetic layer 3, and a nagnetic recording |ayer 6 are
stacked in this order on a substrate 1. Referring to FIG 1, arrows
represent the axes of easy magnetization. As shown in FIG 1, this magnetic
5 recording layer 6 includes first and_second nagnetic |ayers 4 and 5
havi ng di fferent axes of easy nagnetiz%tion. A plurality of zones in the
first and second nagnetic layers 4 and 5 schematically represent the
crystal sections of magnetic grains grown ﬁt ENTRER i ned cryst al
orientations each other. AE thﬂMBKBﬁp@ B oF the struct ure 4 which
epitaxial gromh is int ePRuBted is a ¢ rtbé r@éé@mmef §Q &t° and second
magneti c | ayers having d|f$ r et @R graln si zes of g@?peiec grai ns.
The crystal 15 grene BY$e°T S preferably g ZebmﬁﬂtTﬂ% ference between
crystal grain sizes is gr gﬁabbydzhﬁé g nnt FIG 2 |§I wleM/shomnng a
nodel whi ch g@rabeﬁ?sp nagnetlc record&g_hnﬁmeam aving two magnetic
| ayers dlfferent incr hm%% As shown in FIG 2, this
magneti c recqc(ad;rregllr?ed%fm has the sa &Rrgmture as FIG 1 except that a
magnetic recording la er §h|@cmlmnrmﬁ rst and second npggagtic layers 7 and
8 different |ﬂesxy§%% graln size is f%%qedrengﬁééﬁ of the nagnetkp
recording |ayer 6. 25 T ios.ascuderufE I N whi ch epi.ta aly eresti@edgPowt h i s
interrupted can bepoﬁtalned by naklA{ttﬁgdﬁﬁﬁﬂbé-constant of the second
magnetic |ayer smal]er. by 4heoPr®SS" 10 nore or % rtm@qpﬁtﬁ more than
the lattice cosdt ét t he flrst ?ngﬁ@calegﬁPe n this case, theigtrain
energy in the |nterf§ bgtm@bﬁ CXAEfirst and secgﬁ d sagBELR eIﬁyers
i ncreases, so €AEP 5xes of each ﬁ&gﬁ gRet ifparesn he first and second

a

magneti c Iayers ar naiye&l W nd do not however, the
latti ce constafE<s % t%@esecond |gslxnﬁﬁrrg§égavmthln t he oFa8e of -4o
to +20 of the | léﬁE@ﬁmnﬁxtﬁﬁ B "the first gaﬁg pbpakaye?, agp° epi t axi al
crystal'gnomth'W made and axesrggogaﬁhqﬁﬁgﬁ atlon in the gﬁg@@b&nq

| ayers in the nagnetppmh&péF% are in the sa Q|%Q@kuaﬁd He structure in
whi ch epitaxial growh is |nteE5H@tho®aﬁ5al 5 be obt ai ne |aﬁ ng a
first 15 magnetig, l@emr Q@%ﬁ%lng t he surface“ghltmedﬁqw nagnetlc | ayer
to oxygen to forntan OXId etmﬁf? T magnetic | a ang 1&ent
form ng a secondy ?%@er on the oxhg kamggnethctﬁ¥s structure, lthe
easy axis of nagnetlzatlon 5 taepaeeéﬁé gnetlc 20 Iay%%_ba @@akﬁﬁé& to
and does not natghbshea§§Sy axi s of nagn%y irst magnetic
layer. The depth of the oxideddayer ghe £%m or Iess preferably, 0.5 to 2
nm |f thuggdemﬂwhxpheﬁ%er than 4 n t he magneti c coupling between the

first and second naﬁne i @yEMBt akens to nake t e%gdlayea§lVHlnerable
to thernmal decay.gr‘Pw e depth is Iess t Rk @uPPAM-*Epi f axi al growt h often
occurs. - 11 The | wq%gC@ﬁ§péﬁe °0f the second magnetic | ayer can be

made snal l er by 4% or |'éss or Iarged g&édnuﬂnoﬁé“than t he Iatélce
constant of the flrst ﬁg&ﬂgﬁid)ﬂ ;;u3|ng cobaltwﬁggﬁdraagﬁ tic layers
as these cording
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"5 first and second magnetic |ayers, adding 5 at% or |ess of platinumto the
first magnetic |ayer, and adding 24 at%or nore, preferably, 25 to 40 at%
of platinumto the second magnetic layer. It is also possible to use a
stacked structure 10 of three cobalt-based nagnetic | ayers as a magnetic
recording layer, add 24 at%or nore, preferably, 25 to 75 at% of platinum
to the first and third nmagnetic |ayers, and_.add 5 at% or |ess of platinum
to the second magnetic layer. 15 FIG 3 is a view showi ng an exanple of a
magneti c recordi ng nedi um having a magnetic recording layer in which three

tic | in._Fl 3, _thi ti di
rodi am has ¢ he. saFerEt T Heearal e R e sENERad (BT ingHotrE ZBAMEGT di ng
| ayer 17 including fifﬁtZagecgngn fnd ﬁgi&d nagne%ichlaéers 14, 15, ags 16
different in crystal G§raiACePIRTEIPIr AR REP Ll oF t RECSHAGREEPETRAEES di ng
I 6. Furthery [ : t. ] [ . b
formed between ab Trbrs g et o (Rt bro or b neBeGt FELR Y he, For

exanple, it is possidledo MsEsSOPR) tsPaBeMed Ser &&imgﬁeg%kc havers as
& i of

first and second nmagnetic layers, add 20 at % or ss, prefera , 5 to 20

ate of plainum tpydiiteseh fids! gk SRCONG: MRONEL | §oh@YSF Son 208sEPE BLPEhVeen
the first and second magnetic layers an 5 interlayer containing a netal

sel ected from t hel ¥sOWbeeNSArsd | tige adefad hedi addctipenbind fapdehaf nium In
this magnetic recording |ayer, the second magnetic |layer is grown such that
its easy axis ofpmafmeted admimrdimenine| givesh vibé how espettet tot beptasy axi s of
10 magneti zation in the first recording layer. FIG 4 is a view show ng an
exanpl e of a nadghe irritesigplds oo f aites inwvewitdnan interlayer is forned
between first and second magnetic |ayers. As shown in FIG 4, this magnetic
recording | ayer 15 haBl@ hel shorea sT¥¢idt slrew iy F Grodebxwbpeht haprasengaeti c
recording |ayer 13 nmade up of a first magnetic |ayer 10 containing, e.g.,
66 ato ogOCo, 18P ohddhaste dAT @ canstalt el sy draqnewi@e of,

e.g., hafnium and a second magnetic |ayer 12 having the same 20,
conposition as ﬁweé:qlfcflsptg gﬁ?g\f?e‘?i%sef&dy’é? 3 " 3E ¢ o} et ead Bedipe of

magneti c recordi l.aye Jt is also possible to use HCP-phase
cobal t - based rraggni% ip%yﬁ%yngir slna‘éel}mleor}’l rst and second nmagnetic |ayers, add

20 oo Pt etLy 240,20 Aibpiale hati nun oy DBppelast
chrom um bet weerrdigdr relam@it s8C UL MAgnel iSr layerSerydiai M3 the

15 magnetic recording layer used in the magnetic recording
medium of the present invention;

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

20 FIG. 4 is a sectional view showing another example
of the structure of the magnetic recording medium of
the present invention;

FIG. 5 is a schematic view showing an example of
the arrangement of a magnetic recording/reading

25 apparatus of the present invention;

FIG. 6 is a sectional view showing still another

example of the structure of the magnetic recording



"- 13 magnetic recording |layer, the second magnetic layer is grown such
that its easy axis of magnetization is inclined to the easy axis of

magneti zation in the first recording layer. 5 An anorphous interlayer nade
of, e.g., carbon can be further formed between the first and second
magnetic | ayers. This nakes the crystal grain size of magnetic grains in

t he second magnetic |ayer of the magnetic r%cotding | ayer different from
that of magnetic grains 10 in the first magnetic | ayer. Exanples of the

mat eri al of the perpendicular magnetic recording |ayer used in the present
invention are a Co- Pt - 0- based al l oy, Fe-Pt regular

Cr-Pt-based alloy, Co-Cr-Pt-C
al | oy, and Cb/de%%}¥?-?£/Ekean???%Fa?nY%nFé?Prce. Furthernore, in the
ok iy . ! i b om
Dosbrble to form het wben {niootbSer taraha eRe FESRaree Bhadar PRgMeRyer . a
bi licati | 2 h t ] I :
Chis b os appl | coakrle 002 e Ee FHORLED! SeaPle Sna b TRIPBELSALAN® 20 &

Co-Cr-Pt alloy, £o58mabk hec?fggégtaiﬁ9¥nt§8ﬁ;Fgﬁgt alloy. 25 Between the

substrate and the bias application layer, it I's possible to forma seed
layer suchpas Ni-Al, Fidl, goppen, sectMIRaangiapy 4RAGAhaY8Ei3UCANBEher - 14
a C alloy, Valloy, or Ru alloy. Before the perpendicul ar nagnetic
recording |ayer ésahpréesi theistpassibéectorhermmanseed kayekdsHgh as Ti,
Copper, or MgO and an underl ayer such as Ru or 5 nonmagnetic Co-Cr. A
magneti c recor dimgdiwado Higtlapperaterst ofntéet poesent i nvention conprises the
per pendi cul ar magnetic recordi ng nmedi um descri bed above, driving neans for
supporting and rotating tRETAREBt PESERBEBEdONg Offe @HEMINVENZA®Na si ngl e- pol e
recordi ng head which records information on the magnetic recordi ng medi um
FIG 5 is a partiall y*eRprpoedipetapeteppetirenesnsdiing ardéxanpifetbe t he
magneti c recordi ng/ readi ng apparatus according to the present invention. 15
A rigid rdgnet i cplgff%er@tlzlin‘r%ret%%olﬂ%ﬁ ny SHPoFhatfoANdce oPBFRENESCHARY
present invention is fjtted on . a spindle é22 and rotated at a Eredeternined

rotational speed“%@n%FﬁﬁiFﬁﬁ%Fﬁﬁ?%r ot _ﬂﬁ%ﬁ?.oﬁ _h?dEPb§§§a_§'atF8ched
(o, the dstal end; peralan o, 20, Sypmne o ded, mch e il Loat.

spring. The slidér hted o st

accessing the W%ﬁgﬁ&?&ﬂ@%@%%ﬁ?@l%gﬁalﬂéOEQRELEQJ:QH;%EQE megnet i ¢

di sk 121, and or recor readrng 1 nformation. e suspension

124 25 is connected tpnOfge epLePORE] ORvOAL BANAr Fhd2peha¥hAgca1Rebbi n or the
| i ke which holds a driving coil (not shown). - 15 A voice coil notor |26

whi ch i s 1& ki nd mdgreetihesscs®iDig i Bapét aghedifoitHerothethestnebst he arm
| 25. This voice coil notor 126 conprises a driving coil (not shown) wound
on t he bobbi n ofditection 125ocmmnibd n melghelh i eprtaxilal tngstudingrawth
per manent magnet and
of magnetic grains is interrupted. This prevents noise
generated on one side of the portion of interruption
from matching noise generated on the other side,

20 thereby improving the medium SNR. Also, the
perpendicular magnetic recording layer used in the
present invention is not magnetically disconnected in
the film thickness direction, although epitaxial
crystal growth is interrupted in that direction.

25 Accordingly, the thickness in the film thickness

direction of a magnetization reversal unit becomes

sufficient, so a high thermal decay resistance can be



"a counter yoke which oppose each other to sandw ch the driving coil. The
arm 125 is held by ball bearings (not shown) farnmed in two, upper and | ower
portions of a fixed 10 shaft 127 and pivoted by the voice coil notor 126.
That is, the position of the slider 123 on the magnetic disk 121 is
controlled by the voice coil notor 126. Reference nuneral 128 in FIG 5
denotes a lid. The present invention will bg explained in nore 15 det ai
bel ow by way of exanples. Exanple 1 First, a 2.5-inch crystallized gl ass
substrate was prepared. On this 2.5-inch crystallized glass substrate, a
5-nmthick N -Al .seed | ayer, 10-nmthick 20 C alloy underlayer, and
30-nmt hi ck Cb6§%9ﬁiﬁﬂ "alloy |ongitudinal hard nagnetic filmwere forned
in this order by sput i t -n i - Z(-Nb soft
magnetic fil mwas for%@% %%r%€% ?%?%%g %% %gQEb?%%BE§E3§F%§9angitudina

hard magnetic fidmr2n, thi ngngh@b§@fia?@g§§tic film a Ti-alloy seed

| ayer and an Ru "al | oy underl ayer were fornmed Tox a perpendi cul ar recording

layer. A 15-nmthick The &6ickodsSPtEEr 2813l peypbhbm-uwasrt hggnteriped as a
first perpendicul ar magnetic | ayer by sputtering. On this first

perpendi cl ar magnEltdidAyeiyen dSH-pwe fdn gkl gesond perpendacdl aprangnetic

| ayer was fornmed using 5 a Co64Pt24Cr12 target in an oxygen-containing Ar
gas at nosphere. phterdtalgloppanento aio tihe. t ar fethigstisdckhosenishaésshe

| atti ce constant would be larger by 2~ or nore than that of the first

per pendi cul ar ndgreet i T drayerhe Fuadrieet hortei o016 - amowht ckn Cvie crebondivag f or ned
10 on this second perpendi cul ar magnetic | ayer, and a perfl uoropol yet her

| ubri cant | ayer hMaen drsatbthyswi i rpt 4 @ byh hand¢eceasepngtihie head

per pendi cul ar magnetic recording medium Finally, the obtained, |ongitudinal

hard magnetic fid4hRids melgheétt ARPITREHS Fadtes sl d reetRdnthis appl yi ng
Che o r Uttt e o S Bt TR Wy 1 55 rocran TP TRE okt PS HEGRR LA Pl &
o1 s e s Cgrorl o LS8, SN A, 1 plon Nt e
R ol | oy under] pisotsDd 50 (ROTRAE wAVCnd boadalla By 7 S0RE BRXET 2% 0

Co73Pt 5Cr 22 al | QY fnee QKA tHEI AN Cpll alndBgnet L Legra Ay e fRdsn of a
Co64Pt 24Cr 12 aIIé?f and a protective ayé} 30 are %tac£§% %% t%?s order by

sputtering on ac&thrd "pgd ystallized glass substrate 21, and
15 An example of the structure in which epitaxial
crystal growth is interrupted is a perpendicular
magnetic recording layer which has first and second
magnetic layers in this order on a substrate, and in
which the easy axis of magnetization of the magnetic
20 grains crystal in the first magnetic layer does not
match the easy axis of magnetization of the magnetic
grain crystal in the second magnetic layer.
FIG. 1 is a view showing a model which represents
a magnetic recording medium having two magnetic layers
25 different in easy axis of magnetization.
As shown in FIG. 1, this magnetic recording medium

has a structure in which a bias application layer 2,



S 17 a perfluoropolyether lubricant |ayer 51 is fornmed by dip coating on
the protective |layer 30 made of CVD. The sectional structure of the
magneti c recording layer including the first and second perpendicular 5
magnetic | ayers was observed by a transm ssion el ectron mcroscope (TEM.
Consequently, the boundary between the first and second perpendi cul ar
magnetic | ayers was clear, and epitaxial _grgwth in the filmthickness
direction was interrupted in this boundary. “In this 10 structure, a
difference was found in the Caxis growh direction, i.e., the axis of easy

t al tizati bet { t ' Ln th d
per pendi cul e oSt TAYArCHnat P St REarE GPAVRL PreCRaT AL PeL

per pendi cul ar c.layer f i on s_recorded, opn_and reproduced
fromthe obtaine gn%t?%er%%%?klﬁgfﬁg§$%§1%§g%§i%ﬁ 3 EPRSE£§S8I£'
recordi ng head } rding 1r | dt a.f.a

repr oducti on hea #é%%%%é:ﬁ$e§%€di%b?%%%%%%gP?ga%geﬁfdgﬁk059833gyﬁﬁ?s¥he
SNR of 20 the ngghiqyne o sei dNT kg dol@0ikFEtgt 011 heni sohabgdyf gad-si gnal
(So) at 46 kFClI was 23.0 (dB). The obtained results are shown in Table 1.
Conpar ati v Exam&ddf10f THRPAT 6 SDile 1 @dPeT PERSE Cathar s88gR8t hegh8EQEdi Ng 25
medi um was manufactured foll ow ng the sane procedures as in Exanple 1,
except that onlylayéfs nmdrid ck Havsig pel peadéctl axesvghetasyl ayer was
formed w thout formng - 18 any second perpendi cul ar magnetic | ayer.
When the secti omeEgrsdrimdtuiren of Alpblufal itwast obseeveiln epet Akrat gndwt h
was not interrupted in the filmthickness direction of the recording | ayer.
5 The SNR was assd¢awasnah&ticdBlayahe dbrrd nedsekemét scat by shepnesanTabl e
1. Conparative Exanple 2 For conparison, a perpendicular nmagnetic recording
medi um was nmanufid TS fal | /E PR heo § areaner bteddF@5ng 09BeWR nWiEKanpl e 1,
except tq?i only, a 30-nmthick second_ﬁgrﬁendicular magneti c | ayer was
formed witthout FOITHMEARFYTIEt Peteriril tenaredeynethert ayer. Wien the

ti | st t this fil d Ltaxial h t
Thterrupted n 15 CheITTIET TERHECE Of r ERF| OHTOFEERE LBOBPAFRG |ayer . The
SR s 8% ! 2 AR A AR e 00t AlNSH [ESU L5, AL CoShRNLtDoTagke &
Conpar ati ve Exa e or tonpari'son, a ‘perpendi cul ar nagne?lc recordi ng 20

nedi um was manufagctdr ed § %é%@%é%@%ﬂ@f§%ﬁ@§ng different

crystal grain sizes of magnetic grains. The crystal

15 grain size is preferably 5 to 20 nm. The difference

between crystal grain sizes is preferably 2 to 5 nm.

FIG. 2 is a view showing a model which represents
a magnetic recording medium having two magnetic layers
different in crystal grain size.

20 As shown in FIG. 2, this magnetic recording medium
has the same structure as FIG. 1 except that a magnetic
recording layer 9 including first and second magnetic
layers 7 and 8 different in crystal grain size is
formed instead of the magnetic recording layer 6.

25 This structure in which epitaxial crystal growth
is interrupted can be obtained by making the lattice

constant of the second magnetic layer smaller by 4% or



“as in Exanple 1, except that a Co~3Pt15Cr12 alloy layer was forned as a
first perpendicular nagnetic |ayer by sputtering such that its lattice
constant was substantially equal to that of a second perpendicul ar 25
magnetic | ayer. \Wen the sectional structure of this filmwas observed,
epitaxial growth was not interrupted in - 19 the filmthickness
direction of the recording layer. The SNR wgs as low as 20.2 (dB). The
obtained results are shown in Table 1. Conparative Exanple 4 5 For
conparison, a perpendi cul ar magnetic recordi ng nedi um was nmanuf act ured

foll owi ng the sarreré)rooc@atljége%{ ?§S¥ié1% Exrar’rr*{(i])(!P32%llt(%l excgﬁ%t#%gﬁggggg SPE%gE:r 12

0 an
all oy |l ayer was Tormed as perpen nma

sputtering sucmﬁfughétéEééﬁEﬁéﬁ%éﬁéﬁt€§$e¥@s-f@mgﬁggtgggggl£Meegyg%i£o

that of a second ‘perpen [ ayer hé sectrona ructure

of this filmwas,absgy Vﬁﬁ,tr‘?&ifﬁe%@fa%%\ér@wal\gﬁTﬁkgé %DE?’Ergﬂae?eEBthe film

t hi ckness direction ©Of the recording SNR was as [ow as 20.4

(dB). The obtai Redydasit tpdes shiored e Jabse dne EXR8P! 87 2c AcRer pendi cul ar
magneti c recordi ng nmedi um was manufactured follow ng the same procedures as

in 20 Exarpl e 1 mayxceptzddiadn airs egondf pes peanshd Coidb esndegaghb it ayeie nas
formed by removing & fromthe second perpendi cul ar magnetic | ayer materi al
so that the | attdme «finsat aniclofnddi and edondo patipeadi cul ar nmagnetic | ayer
was | arger by +2% or nore than that of a first 25 perpendi cul ar magnetic

| ayer. When the sectibhalhewevetureheflabiscéi tomabsnbbeér tkd, sepohdxi al
gromh was interrupted in the film - 20 thickness direction of the
recordi ng | ayer MmagfetgNR viagen3tal YziByititie ot afarde reSut4s Beet3hodd in

the lattice constant of the first magnetic layer,

10 epitaxial crystal growth is made and axes of each
magnhetization in the magnetic layers in the magnetic
layers are in the same direction.

The structure in which epitaxial growth is
interrupted can also be obtained by forming a first

15 magnetic layer, exposing the surface of this first
magnetic layer to oxygen to form an oxide layer on
the first magnetic layer, and then forming a second
magnetic layer on the oxide layer. 1In this structure,
the easy axis of magnetization in the second magnetic

20 layer is inclined to and does not match the easy axis
of magnetization in the first magnetic layer.

The depth of the oxide layer is 4 nm or less,
preferably, 0.5 to 2 nm. If this depth is larger than
4 nm, the magnetic coupling between the first and

25 second magnetic layers weakens to make these layers

vulnerable to thermal decay. If the depth is less

than 0.5 nm, epitaxial growth often occurs.



"Table 1. Exanple 3 5 A perpendicul ar magnetic recordi ng nedi um was

manuf actured follow ng the sanme procedures as in Exanple 1, except that a
second perpendi cul ar magnetic |ayer was forned by adding 18 at% of Cr so
that the lattice constant of this second perpendi cul ar magnetic 10 | ayer
was | arger by +20 or nore than that of a first perpendicul ar nagnetic

| ayer. When the sectional structure of this;filmwas observed, epitaxial
growh was interrupted in the filmthickness direction of the recording

| ayer. The SNR 15 was 23.5 (dB). The obtained results are shown in Table 1.

Example 4 A 2.5-inch S L zZed uhst e r y hi.s
substrate, a 5-nn1thi@égh}ggtiégeagbgﬁégée?? %ﬁ%nfﬁﬁﬁgg %g%é%ﬁéfcqa&er
under| ayer, and 40- t.hi 16.allo ngi-t ydi r netic
filmwere forned:%% t i@é%%déﬁgggéépu tg?iég.x?%g gﬁtggﬁégk|§ﬁg?$H§?na|
hard magnetic fijgoesnamopneli zedci fetbensadhel 0@l tREL FPRstAhbGhekRBL, @
150-nmthick Co-Zr-Nb 25 soft nagnetic filmwas forned on the [Nongitudinal
hard magnetic filagdy Bpulsefdn@obint tbhse&omZendbisoltyargngki enkkkm a Ti
all oy seed layer and an Ru all oy - 21 underlayer were forned for a

per pendi cud ar retorsl nend ayecond bgmetibi thky€os Pt afdifyf Bl areasrt hess
formed as a first perpendicular recording filmby sputtering in an

oxygen- cont ai ni ngf Arlaasnat nos ptiee ef bys ushagnat bc CbégPr2p&ndbadtinyg t ar get .
On this first perpendicular recording film an RugOTil O alloy interlayer
havi ng a thickn df? Pnmorel egsefwsalpby med> ThedPastkcefcphstanumotot his
interlayer was |arger by 20 or nore than that of the first magnetic film
On this 10 interthgetecend suagnehieckl@s®2Pt 2pCrig alloy filmwas directly
fornmed as a second perpenpdi cul ar ma nei%c | ayer. The lattice constant of
this second perpendi chfatS nagfet PesFiPnfuas éﬁﬁlPe?t6§k2¢0§6rPﬁ§Hr€hat of
the interlayer. F rﬁggrnnre? f-_ngtgick CVD 15 ﬁarbon was fornedton this
second perpendi cu a} H%%ﬁ%? g Tg@e? %ym%%ﬁ?F%?i 6¥e?Fn3FI§,m5gne 1C

per fl uoropol yet | ca e f or e Lp i ufacture
a perpendicuIarh%%ﬂ%§${%§rg%%%%¥n%d%€%?u%#°F?%PM99%é égggﬁgggﬁgénggc%?onal
view showi ng the;20s 84 1oty L pluh N, ol @l Rerls ERGRGT L3 FEOREGAD BRI UM AS
shown in FIG 7, this magnetic recordi ng nedium has the sane”structure as
Exanple 1, exceptafdwd, Odh@nad® Sld©y sndestaysr BYat an&R646t 2REr K8cahkoy
first perpendicul ar magnetic layer 31, an RugOTil O alloy 25 interlayer 32,
and a Co6gPt 2pCmifgradt iy Begeond perpendi cul ar magnetic | ayer 33 are forned
instead of the first and second perpendi cul ar magnetic | ayers 28 - 22

and 29. THe sectional FE&r ugtiis eaoviehi shéwingwas eksepiedoliyat heghEbtc
Consequently, in the position of filmthickness which was presumably the

boundary betweerk@¢rrding medium having a magnetic recording layer in
which three magnetic layers are stacked.
As shown in FIG. 3, this magnetic recording medium
has the same structure as FIG. 1 except that a magnetic
20 recording layer 17 including first, second, and third
magnetic layers 14, 15, and 16 different in crystal
grain size is formed instead of the magnetic recording
layer 6,
Furthermore, in the present invention an
25 interlayer can be formed between arbitrary layers of

two or more magnetic layers.

For example, it is possible to use cobalt-based



'5 first and second magnetic filns, the crystal boundary was clear and
epitaxial crystal growmh was interrupted between the upper and | ower
magnetic films. The SNR of the nedium noise (Nnrns) at 400-kFCl to the

i sol ated read-signal (So) at 46 kFCl was 10 23.3 (dB). The obtained results
are shown in Table 2. Conparative Exanple 5 As a conparative exanple, a

per pendi cul ar magnetic recording nediuanagﬁganyfactured follow ng the sane
procedures as in Exanple 4, except that a interlayer 15 was used instead
of the Ru9pTi 10 alloy interlayer so that the lattice constant of this

interlayer fell ﬂg§é§§§§jﬁé§efgaés°£i§s{i5§§ Qgrngdﬁgﬁééﬁ%g?g§§%2§agayer

and the lattice CO a second perpéndi culrar nag

within 4~ of th foR20,4dhe in ay. hecsect bgn Sfru

this filmwas o%%%?&g% %§°t%% %%i%'tﬁ%e¥¥?s lghd5sg§o%g %%éné?iéggﬁﬁﬁ§EMBre
epi taxi al | ro T - t i i 400=k to 25
tﬁe isolatgdgreggzgﬂgﬁz B?E%%ta%ﬁzg§ ﬁ%¥a3§§§§§£¥%3ﬁ§%eg%{69?3555¥Whe

obt ai ned resul t ;arpeshome | i I8l gnd- secondAnafxerptel ayérperpendi cul ar
magneti c recordi ng nmedi um was manufactured follow ng the same procedures as

in Exampl & 4, exicepdrldwdr Hobyaiind 4 heetalts6be€bBSt 8AOMOLBE gRoup
interlayer was different by 200 or nore fromthat of a second recording

| ayer was used iamisieak oig tdie Roilenihm) | Ditamien) ayed. haienumbhe secti ona
structure of this filmwas observed by the TEM the axes of easy

magneti zati on i Nfrl0chie Magnet andresecohthgralmeer c thénmsededdmoagmatth. The
SNR of the nedi um noise (Nnrns) at 400-kFCl to the isolated read-signa
(So) at 46 kFCl yagen3io quBjn Juchddiat ohts et ovierxhy of magneberstien
force of the magnetijc recordinqllayer was significant. The obtained 15
results are showrs iifcidhiged with respect to the easy axis of

10 magnetization in the first recording layer.

FIG. 4 is a view showing an example of a magnetic
recording layer in which an interlayer is formed
between first and second magnetic layers.

As shown in FIG. 4, this magnetic recording layer

15 has the same structure as FIG. 1 except that a magnetic
recording layer 13 made up of a first magnetic layer 10
containing, e.qg., 66 at% of Co, 18 at% of Pt, and
16 at% of Cr, an interlayer 11 made of, e.g., hafnium,
and a second magnetic layer 12 having the same

20 composition as the first magnetic layer 10 is formed
instead of the magnetic recording layer 6.

It is also possible to use HCP-phase cobalt-~based
magnetic layers as the first and second magnetic
layers, add 20 at% or more, preferably, 20 to 30 at$%

25 of platinum to these first and second magnetic layers,
and form an interlayer containing bcc-phase chromium

between the first and second magnetic layers. In this



" Exahpl e 6 A perpendi cul ar magnetic recordi ng nedi um was manuf act ur ed
follow ng the sanme procedures as in Exanple 4, except that 2-nmthick Cr
having a BCC 20 structure Hf by which the lattice constant of an interlayer
was different by 2.18 fromthat of a second recording | ayer was used
instead of the RugOTil O alloy interlayer. Wen the sectional structure of
this filmwas 25 observed by the TEM the mal directions of the fine
surfaces of the first and second perpendi cul ar nagnetic |ayers, i.e., the
axes of easy magnetization in these - 24 first and second perpendi cul ar

300.KFOl 1o the SGIa Ko T ERTOHBa-El orol P S0y e MG ABer Chce 685, 2°(apy.
The obtained resylds, %&ﬁh@miftJa@é@y%x%ﬁmglﬁa&n@ﬁE%e@eﬁi ¢yl ar

magneti c recording nedi um was manuf act ur ed W ng e sane procedures as

in Exanpl e 4, exgepliddatc anpnphossy G os ned mgﬁeﬂkgfiaﬁ i vas wsedt
instead of the RugOTil O alloy interlayer. Wen the sectional structure of

this filmwas obsefyedimy 1dgedEM the crystal grain sizes of the first and
second perpendi cul ar magnetic |ayers were different. 15 The SNR of the

medi um noise (Nnrns) Aw dbherprepneodimedrsalyétanydat o£00ek5C, waveoaSSprnwas
23.6 (dB). The obtained results are shown in Table 2. Wen the anorphous
mat eri al was usdsk afumrhent Brimgdrheveleh f ehentersasafiduadcbetdweegnehec
crystal 20 grain sizes of the first and second nagnetic |ayers. Wen this
crystal grain silaveld{ertnce naképuplle arysgahgoshtpesbdbrenagneapration
transition in the first magnetic layer differs fromthat in the second
magneti c | ayer. ScErdi Hylhe pcredmpdrehis hr¥eho?f ekl Ragaepichut

averaged, and this inproves the . .
9 recoggﬁng layer é?%%erent from that of magnetic grains

10 in the first magnetic layer.

Examples of the material of the perpendicular
magnetic recording layer used in the present invention
are a Co-Cr-Pt-based alloy, Co-Cr-Pt-O-based alloy,
Fe-Pt regular alloy, and Co/Pd-Co/Pt-Fe/Pt artificial

15 lattice.

Furthermore, in the perpendicular magnetic
recording medium of the present invention, it is
possible to form, between the substrate and the
magnetic recording layer, a bias application layer on

20 the substrate and a soft magnetic layer on this bias
application layer.

Examples of the bias application layer are a
Co-Cr-Pt alloy, Co-Sm alloy, Co-Pt-0 alloy, and Fe-Pt
alloy.

25 Between the substrate and the bias application
layer, it is possible to form a seed layer such as

Ni-Al, TiN, copper, or MgO and an underlayer such as



" Exanpl e 8 A perpendi cul ar magnetic recordi ng medi um was - 25

manuf actured follow ng the sanme procedures as in Exanple 4, except that
after a first perpendicular magnetic |ayer was forned, the resultant
structure was exposed to an oxygen gas atnosphere to forman oxide 5 | ayer
on the first perpendicul ar magnetic |ayer, and then a second recording

| ayer having the sane conposition as the fiygst perpendicul ar magnetic | ayer
was formed. Wien the sectional structure of this filmwas 10 observed by
the TEM the crystal axes of easy nagnetization in the first and second
per pendi cul ar .59 ayer re. di e SNR of the nmedi um noi se
(Nmrns) at 400%??2%% i‘éo at ed r%%%lgl%%]d%%i gnal (So) at 46 kFClI was

15 23.1 (dB). The obt@éf@lder@%@'ﬁ&ﬁé&aﬁ@@mriIﬂaaﬁgtﬁc%e@seaphg 9aber
5-nmthick Ni-Al seed |ayer, 5-nmthick C alloy underlayer, an

50-nm t hi ck Co64@ 2nRind alitoYid g 4 ush dat o hed £ nRISEEd CLAYE M ¥eER f8r med
inthis 20 order on a 2.5-inch crystallized glass substrate by sputtering.
The obt ai ned | ormi,t Whpiadr hasw ME@naid cad i hdawBa yagneticzeds iRutbe radi al
direction. A 150-nmthick Co-Zr-Nb soft magnetic filmwas fornmed on the

| ongi t udi ®al harbrmmegrettiic fGd+B8rOn this soft 25 magnetic film a Ti alloy
seed | ayer as a perpendicular recording |ayer and an Ru all oy underl ayer
were formed. A 12- nm# MagadolPrrepording/ feadingsaphanatosned Bke - 26 a
first perpendicul ar magnetic |ayer by using a Co6gPt2pCr12 alloy target. On
this first perp@ffSaifarl ngiHetdt JaRRrises sthenRerRCyua 5 regBat 5¢ | oy
filmwas formed as a second magnetic |layer. Furthernpre, 5 a 12-nmthick
Co55Cr 21Pt 24 al IFAFFEA R INGRE Fohetf S i 3RP Fr p&hbly tR9 dredrgnk¥ ¢ | ayer

on the second nmagnetic |ayer. Finally, 6-nmthick CVD carbon was fornmed on
the third perpe pé’tﬂr;rll’r%ﬁlﬂi nqaaliﬂé}g, e BEPT F1 T Ot TR RSP cant

| ayer was ~fornmed by 10 .di pping o tur.e a.perpendi cul ar nmagnetic
recor di ngomadi u%n%laqs%qqse g%slc%enea%{:&? tllleoan%l"%%/f%lwg O Sg t he

structure of thqn%ﬁm%meéﬂec ﬂa‘%frﬂi&iﬂé’gré@c?}d‘ﬂ AfeSNigYn In FIG 8,

this magnetic recordi ng medi um 15 has the sane structure as Exanple 4,
except that on an Ru @td oys ugles lgyieri 217 v fé%510d6€ CoBEspaBEi {81 ¥ dew

per pendi cul ar magnetic | ayers 35, 36, andy37 are formed i nstead of the
first and secondhesripendirc WxmpTRgRet ithd ayafise 2 ansk2Qdird)/ ddwedimgti ce
constant of the second perpendi cul ar magnetic |ayer was snaller by 1.630
than that of thepdarstyserqeraididartoragretpredayterinvidreciatti ce const ant
of the third perpendi cul ar magnetic |ayer was |larger by 2.10%than that of
t he secoAd perpendi c\ ari @l meapgrettcc |Gk . I Thefsecteéocmadlingruct ure of the

first to third perpendicul ar magnetic |ayers was observed, and no - 27
interruption of l@fg\/ﬁﬂﬁt\m faaRF Perdwdeh e Bresntaninsebien rkeor di ng
| ayers. However,_.epitaxial gro,wtCEL s interrupted between the second and
third magnetic FITRES Fife o GRIAC Sl i A4F i 5.2 P RRRpT At s

Ex le 6 F I, , di_cul t,l di di
Tt act ur ed f ol TG e SHERS ocbdi B 19 Bealit e T 0%eept that a
Co64Pt 2pCr 16 al Loy liagr M3 14sefl dfifed 1S toReTREN CULAT SRANEL Cof yer

and
20 suspension 124 which is a thin leaf spring. The slider

123 has mounted on it a single-pole recording head

for accessing the magnetic disk 121 and recording

information on this magnetic disk 121, and an MR head

for recording/reading information. The suspension 124
25 is connected to one end portion of an arm 125 having

a bobbin or the like which holds a driving coil (not

shown) .



"10 a Co62Pt22Cr16 alloy layer was used as a second perpendicul ar magnetic

| ayer such that the lattice constant of this second perpendi cul ar nmagnetic
| ayer fell within 2% of those of the first perpendicul ar nagnetic |ayer and
a third perpendi cul ar magnetic 15 | ayer. Wen the sectional structure of
the first to third perpendi cul ar magnetic | ayers was observed, epitaxial
gromh was found between the first to thirdygerpendi cul ar magnetic |ayers.
20 The SNR of the nedium noise (Nnrns) at 400-kFCl to the isolated
read-signal (So) at 46 kFCl was as low as 20.4 (dB). The results are shown
in Table 3. Table 1aT moshiienTarget, - Si_ti tid ce,.
constantlnterruptSNRn%nSB??Fn??%?c%ﬁg?gagg6fi #\%ﬂ?%kﬁeégg#? éiéhé@ﬁ@ r

of (dB)of first nagneti cof agegenddamagnehichHt

second/ first)epitaxialfilnfilngr omﬁ&gﬁpéghi&fgﬁ & 50 3R 44Pr2acr 215
nn2. 10Found23. 0Compar g yeNos 03Bt 8Er 2280chiibL sbouadabat: fauadaq. SExanpl e
1f oundConpar at i veNot Not foundCo64Pt 24Cr 1230 nnONot found20. 3Exanpl e

2f oundConpar at i veot-38hdbl) 123bnAnEN64Re 28608 2A508M0LA8¥NGAL 125, and

f ound20. 4Exanpl e 3Conpar ati veCo6gPt 2pCr 1215 nnCo64Pt 24Cr 1215 nnD. 440Not

f ound20. 4Exanpl ea 4Exempt &c 2CHr8Rt 6CG 2216dingod Pe2Adihent magnet and

nn2. 1oFound23. 3Exanpl e 3Co~3Pt5Cr 15 nnCo58Pt 4Cr gl15 nnR. CoFound23.5 N
Tabl e 2 Target cangesrEeonyekervayeh Toappeseceapbsothenhabt seedwich the
constantInter-SNf~pnand filmthiclnmessand filmthiclmessdifferenceruptionof
first magneticofdseeCHRd FRbhetic( (=

second/offilnfilmnterl| ayer/i 5 rlayer)epitaxialfirst)grow hExanple 4Co6 Pt
Crl 615 nnRugOTi 13 n %F?IBC£ ngS held by ball bearings (not shown)
nnﬂ.79$-4.57$Fowpq%§Y§CbnparativeC64~20 615 nnCu3, nnCo62Pt 20Cr 1815

nm0. 14$- 0. 14$Not - FoURU2T" 6EXAnpHEPS | EORH 6P25bEPR B 18T nAHE BXAfCo62Pt

0Cr 15 5$- 1 3 64Pt 20Cr 1615 2 nnCo6,. Pt 20Cr 1815
nm 2. 122%%8F0un%§#0%h%%§§§ﬁ%?%§%6w 20kt S8 180 %ﬁﬁ%agz%a 1815

- Found23. 6CExpasur£; t . 4 1 200y 1615 |
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alloy longitudinal hard magnetic film were formed in

this order by sputtering. After that, a 150-nm-thick

Co-Zr-Nb soft magnetic film was formed by sputtering

on the Co-Cr-Pt alloy longitudinal hard magnetic film.

25 On this Co-Zr-Nb soft magnetic film, a Ti-alloy seed

layer and an Ru alloy underlayer were formed for

a perpendicular recording layer. A 15-nm-thick



" 15 defined by the appended clainms and their equival ents. ., , - 32 WHAT
IS CLAIMED I'S: 1. A perpendicul ar magnetic recordi ng nmedi um conprising a
substrate, and a perpendi cul ar magnetic recording |layer which is formed on
said substrate and 5 in which epitaxial growh is interrupted. 2. A nedium
according to claim1l1, wherein said perpendi cul ar nmagnetic recordi ng |ayer
conprises two or nore magnetic |ayers. 3. A grediumaccording to claim 2,
wherein said 10 perpendi cul ar magnetic recording |ayer conprises a first
magnetic |ayer, an interlayer forned on said first magnetic |ayer, and a

second nagneticﬁkgif%t%éggz?%gg%fitf%#n&ggI@ggﬁ.férmégrggi m.gggQrding to

claim2, wherei NMagnetirc recordi ng Nayer conpri ses a

first monetic | gatendiids f. SO0 FRONGLY C: | BYCLoURLERLhS, | Opfody g sal d

first magnetic layer and in whic axi magnet tron o

magnetic grains P'P@@t@érﬁ@zﬁ&f‘c&i‘@reﬁég’?@ﬂé ofyBRINgt i 2ahi0pH9EK20

magnetic grains in said first nmagnetic layer. 5 A nedium according to

claim 4, wherei ns&@bl SEEOPE IPENEA T Cndgyef i &S1a9ePedaal teFmeal dsihgst
magnetic | ayer is exposed to oxygen. 6. A nedium according to claim4,

wherein the 25 |£t¢d§>@©9mﬁf@tt@fgé’aiﬂnS@ﬁO@ﬂy@@@n@bhﬁaiﬂj{ﬁﬁ Rs gagBller by
not |less than 40 or larger by not less than 2% than the lattice constant of
said first nmagnedtmosphe33. |ByerPt 7codporehtinoActbedtagged whai 506,
wherein said first and second magnetic |ayers are cobalt-based magnetic
| ayers, said firchosmgnehit thyelatbitai aensbant wornddthanlsrgee by 2%
pl ati num and said second magnetic
or more than that of the first perpendicular magnetic
layer. Furthermore, 6-nm thick CVD carbon was formed
10 on this second perpendicular magnetic layer, and a
perfluoropolyether lubricant layer was formed by
dipping, thereby manufacturing a perpendicular magnetic
recording medium. Finally, the obtained longitudinal
hard magnetic film was magnetized in the radial
15 direction by applying enough large magnetic field.
FIG. 6 is a schematic sectional view showing the
structure of the obtained magnetic recording medium.
As shown in FIG. 6, this magnetic recording medium
has a structure in which an Ni-Al seed layer 22, a Cr
20 alloy underlayer 23, a Co-Cr-Pt alloy bias application
layer 24, a Co-Zr-Nb soft magnetic layer 25, a Ti alloy
seed layer 26, an Ru alloy underlayer 27, a first
perpendicular magnetic layer 28 made of a
Co73PtsCrps alloy, a second perpendicular magnetic
25 layer 29 made of a CoggqPto4Cris alloy, and a protective

layer 30 are stacked in this order by sputtering on

a 2.5-inch crystallized glass substrate 21, and



"l ayer contains not less than 24 ate of platinum 8. A nmedium according to
claim6, further conprising a third magnetic |ayer fornmed on said second
magnetic | ayer, wherein said first, second, and third 10 nagnetic | ayers
are cobal t-based magnetic layers, said first and third magnetic | ayers
contain not |ess than 24 at% of platinum and said second nmagnetic |ayer
contains not nore than 5 at% of platinum 9. AJredium according to claim4,
wherein said 15 first and second magnetic | ayers are cobalt-based magnetic
| ayers and contain not nore than 20 ate of platinum and said perpendicul ar

magneti c recordin i fur.t [.Se i layer_f ween
said first and Secon n%g@ﬁﬁﬁlﬁq%lyeg?%&n%%%ﬁa%%% g% & n@%%ﬁg%gk? cted
fromthe group IS4 ing, Pf i A4 4-ani Ay hat ai A medi um
according to cl gﬂ%sdi%té erggior{{ ?ﬁ%@s‘? aln sié%%end mgne@%ﬁa@@’s are

cobal t-based magnet i ory Ayl St Asith COMALDLDOL b £SEnE haBgRO: 8t er8E028ing

pl ati num and sai d perpendi cul ar magneti c recordi ng nedi um further
conprises an i ntienjedyamdiordmgy ketavesin saithd i § sdordd b SEEONEH FRDAet i C

| ayers and contai ni ng - 34 chromum 11. A nedium according to claim 2,
wherein sai d pemnpepdtcd dray@agnelds deanrvidipy ay ef ramahisiesord élésStron
magnetic | ayer, and a second magnetic |layer which is 5 fornmed on said first
magneti c | ayer arigriososypech TS cr yEiradeqraaitnl i zehefbomytet v cogreedrs i s
different fromthe crystal grain size of magnetic grains in said first
magnetic | ayer. the fAneddiang saaardgl menrendidutar Magneferc 1ayeonprias ng an
anor phous interlayer between first and second nmagnetic | ayers. 13. A nedi um

according to cl &lRar, fand HEltesHmd grRytibeiddre skl b subseke s and sai d
per pendi cul ar magnetic recording |ayer, a bias 15 application_|ayer forned
on sai d subst r ateT&F @rs 3fas rf’é’a}?ét’%/UcPtl%ﬂlelrn f@’lr%cpﬁgn%%%l' bi 5 é&ﬂp?i cation
layer. 14y A MRSt G20 NY SN AP AP SORId N
growth direction, i.e., the axis of easy crystal
magnetization, between HCP structure grains in the
second perpendicular maghetic layer and HCP structure
grains in the first perpendicular magnetic layer.
15 Information was recorded on and reproduced
from the obtained magnetic recording medium by using
a single-pole recording head having a recording track
width of 0.4 um and a GMR reproduction head having
a recording/reading track width of 0.3 um. The SNR of
20 the medium noise (Nmrms) at 400-XFCI to the isolated
read-signal (So) at 46 kKFCI was 23.0 (dB). The
obtained results are shown in Table 1.
Comparative Example 1
For comparison, a perpendicular magnetic recording
25 medium was manufactured following the same procedures
as in Example 1, except that only a 30-nm thick first

perpendicular magnetic layer was formed without forming



a perpendi cul ar magnetic recordi ng nmedi um having 20 a substrate, and a

per pendi cul ar magnetic recording |ayer which is formed on said substrate
and in which epitaxial growth is interrupted; driving neans for supporting
and rotating said magnetic recording nmedium and 25 a single-pole recording
head which records information on said magnetic recording nedium 15. An
apparatus according to claim 14, wherein g 3% said perpendicular
magneti c recording | ayer conprises not |ess than two nagnetic |ayers. 16.
An apparatus according to claim 15, wherein said perpendicul ar nmagnetic

recording | ayer ééﬁﬁﬁ é%ééﬁéic ehisnleyEri a8 interlayer fornmed on
St mag

said first magne ayer, "and a secon efrc layer forned on said

interlayer. 17. An appalatise acof dbRg1t 9t £hatMr-dSorWoRiSi RiSAl fas
per pendi cul ar magnetic recording layer conprises 10 a first nagnetic |ayer,

and a second nmageddisyd @y edp ieial Sgf SN IRAQ8 88t dihtestupreaethc |ayer
and in which the easy axis of magnetization of magnetic grains does not

match the easy axis ©f 1nagnedkiZeds o o c PBenNed f Ctgs ar 86orAisgl UafbE st
magnetic |ayer. 15 18. An apparatus according to claim 17, wherein said
second magneti c ey eINR swdoraediad tes @i 8 {dBst nBgeedbtalayér résukxposed
to oxygen. 19. An apparatus according to claim1l7, wherein the lattice
constant of sai chrsecimgvnmaignelaleld ayer is 20 smaller by not | ess than 40 or
| arger by not |less than 20 than the lattice constant of said first magnetic
| ayer. 20. An appar ateenpaedtdyegixamelai zn 19, wherein said first and
second nmagnetic |ayers are cobalt-based 25 nagnetic |ayers, said first
magnetic | ayer cont ai fRY neRMRdF £Sehan? SPaFReD lﬁPh@Fnﬂﬁ?nﬁhﬁcséﬁeo§@é8ﬁd

magnetic | ayer contains not |ess than 24 % 0 | at i num 36
g y medium was manu actureg fgﬁlgw{ng @he same procedures

10 as in Example 1, except that only a 30-nm thick second
perpendicular magnetic layer was formed without forming
any first perpendicular magnetic layer.

When the sectional structure of this film was
observed, epitaxial growth was not interrupted in

15 the film thickness direction of the recording layer.
The SNR was as low as 20.3 (dB). The obtained results
are shown in Table 1.

Comparative Example 3
For comparison, a perpendicular magnetic recording

20 medium was manufactured following the same procedures
as in Example 1, except that a Co73PtisCrio alloy layer
was formed as a first perpendicular magnetic layer
by sputtering such that its lattice constant was
substantially equal to that of a second perpendicular

25 magnetic layer.

When the sectional structure of this film was

observed, epitaxial growth was not interrupted in



21. 'An apparatus according to claim19, further conprising a third magnetic
| ayer fornmed on said second magnetic |ayer, wherein said first, second, and
third nmagnetic | ayers are cobalt-based nagnetic |ayers, said 5 first and
third magnetic |ayers contain not less than 24 ato of platinum and said
second magnetic |ayer contains not nore than 5 ate of platinum 22. An
apparatus according to claim17, wherein saigd first and second magnetic
| ayers are cobalt-based 10 magnetic |ayers and contain not nore than 20 ato
of platinum and said perpendicular nmagnetic recording nedium further
conpri ses an | ntiafd 34§t fof w6l ween Saidh 14 £ sinandeserend, Mapet | ©
I ayers and containing a netal selecte romthe group consisting of 15
ruthenium titariamsyanq afdd umy 23 AN, Appasat ustiRe cOb el Ned or &b @i 3 17,
wherein said first and second nagnetic | ayers are cobalt-based nagnetic
| ayers and cont gire noowress a1 0 at % of plati num and said perpendi cul ar
magneti c recordi ng medium further conprises an interlayer fornmed between
said first and secondamgnedt tvd eBsedmsp bandd cont ai ni ng chrom um 24. An
apparatus according to claim215, wherein said perpendicul ar nagnetic
recordi ngsl ayer incl uctes ¢omgpdsin negnetrceh@ienl aamndagnsetonde cagdehgc
| ayer which is forned on said first nagnetic |ayer and in which the crystal
grain size of numgpekEiinc wasaimesifacturedy fafi fdwienttie opandeprogsdaregrai n
size of magnetic grains in said first magnetic layer. 25. An apparatus
according to cl &@sming Examcliterl .c &srars rélaa’fn arfet Lo ¢ Nt 2rd bryseen
first and 5 second magnetjc |layers. 26. An apparatus according to claim 14,
further conprisiWff AEMAERSH FSifstReHRRe Ay PRIMRENT ctR ¥R T magnet i ¢
recordi ng |layer, a hi application.layer_ forned on said substrate and a
Soft magneti ¢ 18 SPME DI TG R I G "eha0. A 3 A
_.AsR A3 ﬁs_. A3r.ké%s.ﬁI A@%& 1323 N % .
A A Aol s, A MERERUARI I Sl o Bl & 4 seornd penpandiouet
magnetic layer.
When the sectional structure of this film was
observed, epitaxial growth was not interrupted in
the film thickness direction of the recording layer.
15 The SNR was as low as 20.4 (dB). The obtained results
are shown in Table 1.
Example 2
A perpendicular magnetic recording medium was
manufactured following the same procedures as in
20 Example 1, except that a second perpendicular magnetic
layer was formed by removing Cr from the second
perpendicular magnetic layer material so that the
lattice constant of this second perpendicular magnetic
layer was larger by +2% or more than that of a first
25 perpendicular magnetic layer.
When the sectional structure of this film was

observed, epitaxial growth was interrupted in the film
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magnetic film, a Ti alloy seed layer and an Ru alloy
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layer. A 15-nm-thick Co-Pt-Cr-0O film was then formed
as a first perpendicular recording film by sputtering
in an oxygen-containing Ar gas atmosphere by using a

5 CoggqPtopCri1g alloy target. On this first perpendicular
recording film, an RuggTijg alloy interlayer having
a thickness of 3 nm or less was formed. The lattice
constant of this interlayer was larger by 2% or more
than that of the first magnetic film. On this
10 interlayer, a 15-nm-thick CogoPtpogCrig alloy film was
directly formed as a second perpendicular magnetic
layer. The lattice constant of this second
perpendicular magnetic film was smaller by 4.05% than
that of the interlayer. Furthermore, 6-nm-thick CVD
15 carbon was formed on this second perpendicular magnetic
layer by sputtering. Finally, a perfluoropolyether
lubricant layer was formed by dip coating to
manufacture a perpendicular magnetic recording medium.
FIG. 7 is a schematic sectional view showing the
20 structure of the obtained magnetic recording medium.
As shown in FIG. 7, this magnetic recording medium
has the same structure as Example 1, except that on
an Ru alloy underlayer 27, a CoggqPtogCrig alloy first
perpendicular magnetic layer 31, an RugqgTijg alloy
25 interlayer 32, and a CoggPtsgCrig alloy second
perpendicular magnetic layer 33 are formed instead of

the first and second perpendicular magnetic layers 28
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and 29.

The sectional structure of this film was observed
by the TEM. Consequently, in the position of film
thickness which was presumably the boundary between the
first and second magnetic films, the crystal boundary
was clear and epitaxial crystal growth was interrupted
between the upper and lower magnetic films.

The SNR of the medium noise (Nmrms) at 400-kFCI
to the isolated read-signal (So) at 46 kFCI was
23.3 (dB). The obtained results are shown in Table 2.

Comparative Example 5

As a comparative example, a perpendicular magnetic
recording medium was manufactured following the same
procedures as in Example 4, except that a Cu interlayer
was used instead of the RuggTijgp alloy interlayer so
that the lattice constant of this interlayer fell
within 1% of that of a first perpendicular magnetic
layer and the lattice constant of a second
perpendicular magnetic layer was within 4% of that of
the interlayer.

When the sectional structure of this film was
observed by the TEM, the first and second magnetic
films were epitaxially grown.

The SNR of the medium noise (Nmrms) at 400-kFCI to
the isclated read-signal (So) at 46 kFCI was as low as

20.6 (dB). The obtained results are shown in Table 2.
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Example 5
A perpendicular magnetic recording medium was
manufactured following the same procedures as in
Example 4, except that Hf by which the lattice constant
5 of an interlayer was different by 20% or more from that
of a second recording layer was used instead of the
RgpTiqg alloy interlayer.
When the sectional structure of this film was
observed by the TEM, the axes of easy magnetization in
10 the first and second magnetic films did not match.
The SNR of the medium noise (Nmrms) at 400-KFCI to
the isolated read-signal (So) at 46 kFCI was 23.9 (dB).
In addition, a lowering of the coercive force of the
magnetic recording layer was significant. The obtained
15 results are shown in Table 2.
Example 6
A perpendicular magnetic recording medium was
manufactured following the same procedures as in
Example 4, except that 2-nm-thick Cr having a BCC
20 structure Hf by which the lattice constant of an
interlayer was different by 2.18% from that of a second
recording layer was used instead of the RuggpTijg alloy
interlayer.
When the sectional structure of this film was
25 observed by the TEM, the normal directions of the fine
surfaces of the first and second perpendicular magnetic

layers, i.e., the axes of easy magnetization in these
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different.

The SNR of the medium noise (Nmrms) at 400-kFCI to
the isolated reproduced-signal (So) at 46 kFCI was

5 23.2 (dB). The obtained results are shown in Table 2.

Example 7

A perpendicular magnetic recording medium was
manufactured following the same procedures as in
Example 4, except that amorphous C formed by sputtering

10 was used instead of the RuggTijg alloy interlayer.

When the sectional structure of this film was
observed by the TEM, the crystal grain sizes of the
first and second perpendicular magnetic layers were
different.

15 The SNR of the medium noise (Nmrms) to the
reproduced solitary at 400-kFCI wave (SO) was
23.6 (dB). The obtained results are shown in Table 2.

When the amorphous material was used as an

interlayer, a difference was found between the crystal
20 grain sizes of the first and second magnetic layers.

When this crystal grain size difference is found, a

zigzag shape of magnetization transition in the first

magnetic layer differs from that in the second magnetic

layer. Accordingly, noise components are not equalized
25 but averaged, and this improves the SNR.

Example 8

A perpendicular magnetic recording medium was
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exposed to an oxygen gas atmosphere to form an oxide
5 layer on the first perpendicular magnetic layer,
and then a second recording layer having the same
composition as the first perpendicular magnetic layer
was formed.
When the sectional structure of this film was
10 observed by the TEM, the crystal axes of easy
magnetization in the first and second perpendicular
magnetic layers were different.
The SNR of the medium noise (Nmrms) at 400-kFCI to
the isolated reproduced-signal (So) at 46 kFCI was
15 23.1 (dB). The obtained results are shown in Table 2.
Example 9
A 5-nm-thick Ni-Al seed layer, 5-nm-thick Cr
alloy underlayer, and 50-nm-thick CogqCrogPtig alloy
longitudinal hard magnetic film were formed in this
20 order on a 2.5~inch crystallized glass substrate
by sputtering. The obtained longitudinal hard
magnetic film was magnetized in the radial direction.
A 150-nm~thick Co-Zr-Nb soft magnetic film was formed
on the longitudinal hard magnetic film. On this soft
25 magnetic film, a Ti alloy seed layer as a perpendicular
recording layer and an Ru alloy underlayer were formed.

A 12-nm-thick Co-Pt-Cr alloy film was then formed as
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a third perpendicular magnetic layer on the second
magnetic layer. Finally, 6-nm-thick CVD carbon was
formed on the third perpendicular magnetic layer, and
a perfluoropolyether lubricant layer was formed by

10 dipping to manufacture a perpendicular magnetic
recording medium.

FIG. 8 is a schematic sectional view showing the
structure of the obtained magnetic recording medium.
As shown in FIG. 8, this magnetic recording medium

15 has the same structure as Example 4, except that on
an Ru alloy underlayer 27, first, second, and third
perpendicular magnetic layers 35, 36, and 37 are formed
instead of the first and second perpendicular magnetic
layers 28 and 29.

20 The lattice constant of the second perpendicular
magnetic layer was smaller by 1.63% than that of the
first perpendicular magnetic layer. The lattice
constant of the third perpendicular magnetic layer was
larger by 2.10% than that of the second perpendicular

25 magnetic layer.

The sectional structure of the first to third

perpendicular magnetic layers was observed, and no
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interruption of growth was found between the first and
second recording layers. However, epitaxial growth was
interrupted between the second and third magnetic
films. The results are shown in Table 3.

5 Comparative Example 6

For comparison, a perpendicular magnetic recording
medium was manufactured following the same procedures
as in Example 9, except that a CogqPtopoCrig alloy layer
was used as a first perpendicular magnetic layer and

10 a CogoPtooCrig alloy layer was used as a second
perpendicular magnetic layer such that the lattice
constant of this second perpendicular magnetic layer
fell within 2% of those of the first perpendicular
magnetic layer and a third perpendicular magnetic

15 layer.

When the sectional structure of the first to third
perpendicular magnetic layers was observed, epitaxial
growth was found between the first to third
perpendicular magnetic layers.

20 The SNR of the medium noise (Nmrms) at 400-kFCI
to the isolated read-signal (So) at 46 kFCI was as low
as 20.4 (dB).

The results are shown in Table 3.
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present invention can increase the thermal decay
5 resistance and medium SNR of a magnetic recording
medium even when the film thickness of a magnetic
recording layer is as small as 50 nm or smaller.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
10 the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit and scope of the general inventive concept as

15 defined by the appended claims and their equivalents.
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7. A medium according to claim 6, wherein said
first and second magnetic layers are cobalt-based
magnetic layers, said first magnetic layer contains not

5 more than 5 at% of platinum, and said second magnetic
layer contains not less than 24 at% of platinum.

8. A medium according to claim 6, further
comprising a third magnetic layer formed on said second
magnetic layer, wherein said first, second, and third

10 magnetic layers are cobalt-based magnetic layers, said
first and third magnetic layers contain not less than
24 at% of platinum, and said second magnetic layer
contains not more than 5 at$%$ of platinum.

9. A medium according to claim 4, wherein said

15 first and second magnetic layers are cobalt-based
magnetic layers and contain not more than 20 at% of
platinum, and said perpendicular magnetic recording
medium further comprises an interlayer formed between
said first and second magnetic layers and containing

20 a metal selected from the group consisting of
ruthenium, titanium, and hafnium.

10. A medium according to claim 4, wherein said
first and second magnetic layers are cobalt-based
magnetic layers and contain not less than 20 at$% of

25 platinum, and said perpendicular magnetic recording
medium further comprises an interlayer formed between

said first and second magnetic layers and containing
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perpendicular magnetic recording layer includes a first
magnetic layer, and a second magnetic layer which is

5 formed on said first magnetic layer and in which the
crystal grain size of magnetic grains is different from
the crystal grain size of magnetic grains in said first
magnetic layer.

12. A medium according to claim 1, further

10 comprising an amorphous interlayer between first and
second magnetic layers.

13. A medium according to claim 1, further
comprising, between said substrate and said
perpendicular magnetic recording layer, a bias

15 application layer formed on said substrate and a soft
magnetic layer formed on said bias application layer.

14. A magnetic recording/reading apparatus
comprising:

a perpendicular magnetic recording medium having
20 a substrate, and a perpendicular magnetic recording
layer which is formed on said substrate and in which
epitaxial growth is interrupted;
driving means for supporting and rotating said
magnetic recording medium; and
25 a single-pole recording head which records
information on said magnetic recording medium.

15. An apparatus according to claim 14, wherein
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16. An apparatus according to claim 15, wherein
said perpendicular magnetic recording layer comprises
5 a first magnetic layer, an interlayer formed on said
first magnetic layer, and a second magnetic layer
formed on said interlayer.
17. An apparatus according to claim 15, wherein
said perpendicular magnetic recording layer comprises

10 a first magnetic layer, and a second magnetic layer
which is formed on said first magnetic layer and in
which the easy axis of magnetization of magnetic grains
does not match the easy axis of magnetization of
magnetic grains in said first magnetic layer.

15 18. An apparatus according to claim 17, wherein
sald second magnetic layer is formed after said first
magnetic layer is exposed to oxygen.

19. An apparatus according to claim 17, wherein
the lattice constant of said second magnetic layer is

20 smaller by not less than 4% or larger by not less than

% than the lattice constant of said first magnetic
layer.
20. An apparatus according to claim 19, wherein
said first and second magnetic layers are cobalt-based

25 magnetic layers, said first magnetic layer contains not

more than 5 at%® of platinum, and said second magnetic

layer contains not less than 24 at% of platinum.
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magnetic layers are cobalt-based magnetic layers, said
5 first and third magnetic layers contain not less than
24 at% of platinum, and said second maghetic layer
contains not more than 5 at%$ of platinum.
22. An apparatus according to claim 17, wherein
said first and second magnetic layers are cobalt-based
10 maghetic layers and contain not more than 20 at$% of
platinum, and said perpendicular magnetic recording
medium further comprises an interlayer formed between
said first and second magnetic layers and containing
a metal selected from the group consisting of
15 ruthenium, titanium, and hafnium.

23. An apparatus according to claim 17, wherein
salid first and second magnetic layers are cobalt-based
magnetic layers and contain not less than 20 at® of
platinum, and said perpendicular magnetic recording

20 medium further comprises an interlayer formed between
said first and second magnetic layers and containing
chromium.

24. An apparatus according to claim 15, wherein
said perpendicular magnetic recording layer includes
25 a first magnetic layer, and a second magnetic layer
which is formed on said first magnetic layer and in

which the crystal grain size of magnetic grains is
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26, An apparatus according to claim 14, further
comprising, between said substrate and said perpen-
dicular magnetic recording layer, a bias application

layer formed on said substrate and a soft magnetic

10 layer formed on said bias application layer.



