DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG DI SK AND MANUFACTURI NG METHOD
THEREOF Technical Field This invention relates to a perpendicul ar
magneti c recording di sk adapted to be nmounted in a perpendi cul ar magnetic
recording type HDD (hard disk drive) of the |like. Background Art

Various information recording techni ques have been devel oped foll owi ng the
i ncrease in volune of information processing in recent years. Particularly,

the areal density of a HDD (hard OESKR#EPTION using the magnetic recording
techni que has been increasing at an annual rate of about 100% Recently,
the information recording capacity exceedi ng 60G has been required per

2, 51 nch mgRetiGyuleo) BIORERTI RSSO ODD Bk FyRhE or der to

satisfy suc hecessary eall'ze an” i hformati on
recordi ng depstiignexgaadbng 100CGhits/inch2. In order to achieve the high
recording density in the magnetic disk for use in the HDD or the like, it
is necessary to reduce the size of magnetic crystal grains formng a

magnetic recordi.ng_layer serving to record information signals, and
further, Q‘Dafau%fgﬁ@% t hi ckness of the | ayer. However, in the case of the

conventionally c Lad j i j netic
y ;@g{r@g 1:6%:%%%%9%%&5@@50%'&(%&9%@@0 iRoRiRNasKRgnet i

recordi ng type ( ed the longitudinal nmagnetic recording type or the
hori zont al nEgpetitc be emamtkdng atpependicakr enagestid ecafinghessiize (naduct i on of
the magnetic crystal grains, there has arisen a thermal fluctuation
phenonenon V& Vehe thaIk&t abi ity of recording signals is degraded due to

superparanaqﬂﬁ&&%nh&gﬁthereby cause |l oss of the recording signals, which
has t hus becone”an i npeding factor for the increase in recording density 2

Various information recording technigues have been developed
following the increase in volume of information processing in recent years.
Particularly, the areal density of a HDD (hard disk drive) using the magnetic
recording technigue has been increasing at an annual rate of about 100%.
Recently, the information recording capacity exceeding 80GB has baen required
per 2.5-inch magnetic disk adapted for use in a HDD orthe like. Inordertc
satisfy such a requirement, it is necessary to realize an information recording
density exceeding 100Gbitsfinch?.  In order o achieve the high recording
density in the magnetic disk for use in the HOD or the like, it is necessary to
reduce the size of magnetic crystal grains forming a magnetic recording layer
serving to record information signals, and further, 1o reduce the thickness of the
layer. However, in the case of the conventionally commercialized magnetic
disk of the in-plane magnetic recording type (also called the fongitudinal
magnetic recording type or the horizontal magnetic recording type}, as a resuift
of the size reduction of the magnetic crystal grains, there has arisen a thermal
fluctuation phenomenon where thermal stability of recording signals is degraded
due 1o superparamagnetisi to thereby cause loss of the recording signals,

which has thus become an impeding factor for the increase in recording density



of the magnetic disk. In order to solve this inpeding factor, the
magneti c di sk of the perpendi cul ar magnetic recordi ng type has been
proposed in recent years. In the case of the perpendicul ar magnetic
recording type, as different fromthe £ase of the in-plane magnetic
recording type, the easy magnetization axis of a magnetic recording |ayer
is adjusted so as to be oriented in a direction perpendicular to the
surface of afgithakdrtiedishs conpared with the in-plane nmagnetic recording
type, the perpendicul ar magnetic recordi ng type can suppress the therm
fluctuation phenoteidsi taseve Hisimpedingifacpy) hefraranetie dBkSf H§ t he recordi ng
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Document 1) RTRPbu L mECF AR o Bl e B4R PR e R34 7 ocor di no

medi um havi nge 8 ¥des haryehdicidar GRadpase ehRIMENSE ¢l dffergMmdnet ihe recor di ng
| ayer, and a protective [ayer that are forned on a substrate in the order

named. Furt hese oUhetredlase atagseiRaresntinbidypes 41685F0 nSiretifdtionrkis®! ¢Pat ent
Docunent 2) discl.oses er pendi.cul ar magnetic recordi.ng nedi um having a
Structure wBTEEHR R Gt o gt 5 ¢F 1 BF AToTHat 1 L P cont | nuous
| ayer (EXChﬁgégﬁén%@d@r%gthle%\ﬁﬁé&e b ABBesed A9 cAmPaRRWRIhE RCassH ng | ayer.
Pat ent Document 1: Unexam ned Patent Publication No. 2002-92865 Patent
Docunent 2: rhimjrietid r8ioatiestyPat teapeidendi6d§86ZonBpaeeidrdioatipertab scl osure of

the Invention Problemto be Solved by the Invention The recordi nr% density
of a nagnet | BPEIESR th@sthiamﬁl SuehatipRinge orggnen ana thus is suitable for increasi

the recording density. For example, Unexamined Patent Publication No. 2002~
02865 (Patent Document 1) discloses a technique about a perpendicular
magnetic recording medium having an underlayer, a Co-based perpendicuiar
magnetic recording layet, and a protective layer that are formed on a substrate
in the order named. Further, United States Patent No. 6488670 Specification
{Patent Document 2) discloses a perpendicular magnetic recording medium
having a structure where an axchange-coupled artificial lattice fiilm continuous
laver {(exchange-coupled {ayer) is adhered {o a granular recording layer.
Patent Document 1.

Unexamined Patent Publication No. 2002-82865

Patent Document 2.

United States Patent No. 6468670 Specification

Disclosure of the Invention
Problem to be Scived by the Invention
The recording density of a magnetic disk is improved mainly by
reducing noise in a magnetization tfransition region of a magnetic recording layer.
For the noise reduction, it is necessary to improve the crystal orientation of the

magnetic recording layer or reduce the crystal grain size and the magnitude of



reduci ng noi se in a magnetization transition region of a magnetic recording
| ayer. For the noise reduction, it is necessary to inprove the crystal
orientation of the magnetic recording |ayer 01 reduce the crystal grain
size and the magnitude of nmagnetic imeraction. That is, in order to
increase the recording density of the nedium it is desirable to equalize
and reduce the crystal grain size of the nmagnetic recording |ayer and,
further, tonpgayidietetacsiegr elak adinsdratrec iesasel thel radodiied dersgnetihe cryst al
grains are magnetically segregated and, for that, it is necessary to
proper |y comadgim.dt is dagrable lpeauaigesndrpiicedhp sBsR! 8%@EGH#R Hghe ayer. In the

meanti nme, the Co:based. per | I I di sclosed in
T eI BRI ARy Rl ORI € shegediand g i ool osed
recordi ng | ay@igudiamgRedt GIki9QR%iS Mo FeyRacily sR0geRA MauetatrEgnet i zation
reversal producing magnetic field Hh to be a small value | ess than zero

and, t her ef oresssersb pransce cagid! asnesheetre offthe BwedaticorcERd RYel npr oved and
a high S/INratio can be _achi eved, which s thus,preferable. Further, by
causing an é’i‘gﬁéﬁ?a@ﬁ@ht@s@ 3555 RFSP ISR i nfalf'l&s@ﬁgﬁ@qsﬁefpendi cul ar
magnetic recd Hng il BMEFR DdunRD1 RRrREGHIG GAE S0t ke gbaInRnBIRWAdar y portions
of the magnetic crystal grains to block exchange interaction between the
magnet i ¢ cr ysag@letigraabning eher kdeya bightoébiveifoge o andoesasisga t he recordi ng
density. Furt her, ?l?% addi:n(gg an oxifpl Fs_luch as 51(&2 r 0O to the
CoPt - based JBRPEHERLNIAQC TR GIGIFES MERgORH r‘F'gd RyRPE & §Y s"aﬁ'ﬁéﬁﬁsbl e to form
an excel I ent | Lhaud: 4 i B taxhalnahawt h of
CoPt. That itg#?%{g%@(’ﬁﬁ%ég%%géﬁgl%oé or 656{@%&%%53& ed at r?;ﬁe grain
boundari es tgndreeiyee/MN haicragnetachieled, evhintt i drushesfembie. t ertberysy al  grai ns of

the magnetic recording layer. Further, by the addition of the oxide such as
Si 02 or 0, t¢resiogyperametaish a5 eelodaropEinetincae) 2 PREPSRRGYRA] grain si ze

and the magnitude of the o | f e thickness
of i 02 1 ayaret gty G PRE Bh i oS RE R B B Pk B D F Gz
of the underaygigne®criflaIRass Robibfice @Bl intfradtiod 2etudadnd maphaticmagnet i ¢
recording |ayer, the size reduction and the magnetic segregation proceed so
that the S/ Norysteligraing therghy ceniddulipg iebeicabing thesrecaisingadsiiThi s causes a
maxi mum ani sot r op ner to be approxitmtel y tw.c I as conpared
with a conventi on)éLP%r‘f"r;r X S %igéf.r%ltf)%hea@ﬁgte%ggﬁound that the
probl em of t he.SiNiAthQnetic therdilierya! it Btpkbibicty retees, aeklati se up to 200
to 400Chi t/i%%ﬁz C{J\lzn theébcase of Srﬁ%lhi?@;f mag’%lgti c recording disk.

However, it &asedmehstfuciune withatt imhetingepriapp! atovah neEdRim atkzipt did e to
400&ni tlinch2 or nore, it is . diffic I% étg praod cedége E:’Edi umtﬁxcel lent in
ther mal st abP¥§% HB2S Ao PP IYS 74 P8 §FA') PRYPCREET My SPHE B%i de such as
Si 02 or 0. TRAbALR.ind §85n HRUMLHIRAInYBERe nlRhefXABlRg kg amount of
Si® is incr Q%ég%}%t”gb%ag?/o%%l rm?e, degr Iaajgl%alntwig\,(E)Jn gccﬁng in cog'rgcist\}g force Hc
and per pendi Euttiadr, byea etiditoraoi ts@ brioppudsaeSEl.gr (6 fhe Hygal Baislksows a

rel ati onship between a coercive force Hc and a SNR Wn?n i ncreasing the

amount of Si 02 banedyeell nd e ETEIR) 97T SiemaniedBRyikde St BE B tount of Si 02
ot eases. | lud BufAnel dRLed: DAL ibesDer SR, 1APLed LamdearpdgRypnd the DC

. . it
nol se |ncrea§ S ore 1on 1n coerciv orce er hand,

the present iByRies &r Ravestapynch sibabf s uhberiamnumy isdre&if2thencr eases, the
SNR (SN Ratio : hereinafter also referred to as SN) becones better due to

si ze reduct i emogBEd SFPgRAdEY 1o e FRgNets FeqoRdingidyer, BTe BFUTAEENS 38FHowi ng t he
SNR graduat e%hedrlnfaggr?ertig gggerségatian proceed so that the S/N ratio in high density recording
is improved. This causes a maximum anisatropy energy Ku to be

approximately twice higher as compared with a conventional medium added



froma reference val ue properly defined. According to the relationship

between Si02 and SN, it is understood that when SiQ2 is added in an anount

of Cat% or nore, the SNis rapidly inproved. Therefore, a nediumis

desirable that maintains the thermal s#ability and, further, is added with

SiA2 in an amount of 6at% or nore where the SN becones excell ent.

In response to such a request, it may be considered to use a nethod of

i ncreasi ng ik rarmont ldfasRizeh flodrdehatdigs ptobiemn etibe G/ gatloay dne thermdler eby

increase the anisotropy. However, it is known that there arises a new

pr obl em t hastabiibfdaes et atsedsriaizil te AAMRRIVIBEN 3B Hi%5ASE of 8¥¢bAi ng t he i ncrease

in anisotropy. Parti rl.y, in a recording density range of 100Ghit/inch2

or nore, th@%¥@8§%§?§§h®é%a'ility of a magnetic head itself is extrenely

| ower ed fol | ow ng4sa\K ifakhRwh Rgrantkt viHeerahbget aintediam pdagiasiaty to

i nprove the recording capability on 5 the magnetic recording |ayer side,

which ari sesiﬁa§b'a’iméapfﬁﬁ@l§l émdi‘%ﬁw@im@wg to? MepEMpReslait in e on provi de

a perpendi cul ar.magneti.c recordin i sk.th ca ' e i ncreasi ng
R e S Nt S A T e

t he recordi e tioin hrg ensi'ty recording

Wi t hout causiigisafnidCEBA56nd RaDFhaD S BxafRE afadm@mn: bhsihes mal stability,
and degradation I n recording capability, and a nethod of manufacturing such

a di sk. MeariscrémredSobuPngr hhee, Bewbtiatinn occurs it pogciPe fosee Hepaet of the
invention, there is provided a perpendicul ar magnetic recarding disk for
use in per petRRTHHI FEgHeI & F@BY&eﬁ _,'g'éii dﬁggé]ﬁré% %[ﬂqegpnﬁ@ netic
recording d'ée‘{w%hgziﬁ é’é;érﬁ%é ?o‘?% l?é’ 2R @ IRINFS RSN fcRlBRE M Smodnte@Eloragneti ¢

| ayer of a nate el ecte roma group consisting of an Fe-based

mat eri al andagofindrasas aralecid ddoreanes @b thsabstmal 8j0-dndreasesmalineti c | ayer

on said soft magnetic | ayer avi n% a granul ar structure, and gorrpri si ng
1%

., h ] e,
crystal grai Wsiﬁ*ﬁﬁdlﬂ?ﬂtﬁﬁ%@eﬁf‘a‘@&% degrBYeSAY {e AP UFREERFEHBIR | ons

mai nly made of $i : I Ny. O I K kGl conprising a
mat eri al selt&[?@c?%%? @%%rcg?eof%%%c%chs @s@%gt%es hégg Pt ?&%%ﬁ@)é%g%%’ FePt ,
CoPt 3, and GaRd3euddtRatCaitheanoaht Figh2; intreasdyl ticcNRNENFttioc | ayer Dbei ng

6at % or nore. In a second aspect of the invention, there is provided
a nethod of mMeenekertalaci ratgred fe rpSHY beegs batighdes B Y2cERurHg @3k for use

i n perpendicul etic recordi [ I gnetic

| ayer of a ng'?gﬁg)i gﬁ‘g@%'léeg}fee@“‘cf Pfg%gﬁa%%ﬁ%ﬁé‘ 2%? §§'ﬁ$§9‘§§a’{%n& er%Bg%ed

mat eri al  andygmGaefeaseE ERE by @Bfifed UbshEaing a0k rRlategdes beweesor di ng

| ayer on said soft magnetic |ayer, said nmethod characterized b in a step

of formi ng s&id amd@hbitiis undsseirdd thgt Wage Siosprdes NG W%P@%‘}é/r’f% magnet i ¢
| ayer, a ferromagnetic |layer. of a granular structure.co i,si,ng 5i 02

bet ween crys%fe’g?&“aéﬂég @8 Vdf“rﬁ’f‘ﬁ’&dco Efr?%(ec@)rf‘e W t%%%ﬁ'%ﬁ{etﬁ?t the 5i 02 in
sai d ferromagnetlce faYRlmBPLNgiig aho FnhiDERdd8NUitR SIBAR kAGmayes: on said

ferromagnetic layer, conprising a nmaterial selected froma group consisting
of CoCrPt, Coft:;oCald wieedthe SdBeSmemekc@id®d3, form ng said ferromagnetic

and L hon Tof mi ng JaTSHIaTeRRAYCH ayeRAEbRSFRLPR G RO BF SCBPBO BU 11 om t he
group consi S‘raic%s%fg tf?é)%gﬁnt c@?’ﬂn’ the magnetic recording layer to thereby increase

the anisotropy. However, it is known that there arises a new problem that

sufficient recording cannot be achieved foliowing the increase in anisotropy.

Particularly, in a recording density range of 100Gbitinch? or more, the recording

capability of a magnetic head itself is extremely lowered foliowing track

narrowing and, therefore, it is necessary to improve the recording capability on



5a CoPd, FePt, CoPt3, and CoPd3 by sputtering in an argon gas atnosphere at
a gas pressure |lower than a gas pressure used when form ng said
ferromagnetic | ayer. Di scl osedsherein is a perpendi cul ar magnetic
recordi ng disk for use in perpendicul ar nagnetic recording, the

per pendthe maanctiagoatiing lage orld) wichiegkesohamaot moblewd by corrpri sing a

substr ferro netic |ayer founed on th bstrate granul ar
struct ’@b"%ﬁ’d’n@ ‘?#Egﬁf‘??@mdﬂv%g’loaé’m\é’ﬁ? |a(?(53ﬁm(]§ C}lyf&agaﬁ“%ﬁcaféf“}ﬁgdléh i con
(S), amgh ansoptitRet ﬂo%M@reasmgAﬁ@i r&@rdlﬂg dfeﬁﬁtﬁxcﬂfﬁﬁﬁh%di? hRyEN rafdlifmghng a
first layer containing cobalt (Co) or a second | ayer

cont ai mimngltmbctcadamgnw(tmt @mpgm mpgae@tip. DC noise, Dlegrddatied ihetheinmpli s a

Fer Fomatifit b R oa 4don vkl Skl Rehbts 'n%nspﬁ%ﬁm%%ﬁ%wand grai n

boundar ggsporti ons mainly made of the oxi de the silicon (Si), or the oxide

of silicon (Si). Di scl osed herein is a perpendi cul ar nmagnetic

recordi ng disk characterized in that the content of the silicon (Si) in the
f erromagnet i er % or nore. Di scl osed herein is a
perpend@{:‘u S%rgg%ﬁnegtdlgi)g%g%%d ing disk characterized in that the content of

the silicon [sSk)firsnadpeet HL 0BG, chirayierprosid&htdpdrpentihalfb magnetic
recording disk for use in perpendicular magnetic recording, said perpendicular magnetic
recording disk characterized by comprising a substrate, a soft magnetic layer of a material
selected from a group consisting of an Fe-based material and a Co-based material on said
substrate, a ferromagnetic layer on said soft magnetic layer, having a granular structure,
and comprising crystal grains mainly made of cobalt (Co) and grain boundary portions
mainly made of SiO», and a layer, on said ferromagnetic layer, comprising a material
selected from a group consisting of CoCrPt, CoPt, CoPd, FePt, CoPts;, and CoPds, the
content of Si0; in said ferromagnetic layer being 6at% or more.

In a second aspect of the invention, there is provided a method of manufacturing a
perpendicular magnetic recording disk for use in perpendicular magnetic recording and
having at least a soft magnetic layer of a material selected from a group consisting of an
Fe-based material and a Co-based material on a substrate and a magnetic recording layer
on said soft magnetic layer, said method characterized by, in a step of forming said
magnetic recording layer comprising, on said soft magnetic layer, a ferromagnetic layer
of a granular structure comprising SiO; between crystal grains containing cobalt (Co), the
content of the SiO» in said ferromagnetic layer being 6at% or more, and a stacked layer,
on said ferromagnetic layer, comprising a material selected from a group consisting of
CoCrPt, CoPt, CoPd, FePt, CoPt;, and CoPd;, forming said ferromagnetic layer on said
soft magnetic layer by sputiering in an argon gas atmosphere and then forming said

stacked layer comprising a material selected from the group consisting of CoCrPt, CoPt,



Di scl osed herein is a perpendi cul ar magnetic recordi ng di sk characterized
in that a spacer layer is provided between the ferronagnetic |ayer and the
stacked | ayer. Di scl osed hereip is a nethod of manufacturing a

per pendi cul ar magnetic recording disk for use in perpendicular magnetic

r ecor di GgPdafdPh avPngaat CoBhdty sputtmygsniao argwogasiatgodphyierat orgaapsahste r at e,
the nmethod characterized by, .in_a step .of. form n he magnetic recording

| ayer éSﬁﬁ?&@?ﬁé?s6W$?%%u§ﬂB@FP5?@Pn%€?§ﬁ?ﬁﬂﬁﬁﬂ@gf%“?%yer of a granul ar
structure copis@bMdGheddih! £OR (p|§'pl:n<ﬂEu1§1n B8 cOtectidin £ ONsK Sor BRL Ween

crystal grains containing cobalt (Co) and a stacked layer having a first
| ayer compenidivioty Qoagpetia Gooalihgy thad parpsadionidr | aypenettonteadmdingg sk | adi um

(Pd) or .platinu Pt), formng the ferronmagnetic | r ,Q trate by
Spu t erSTREIHZEh Oh gbieris R Lokt SERIRPRES st Brise MlhERuBaR | 2y er oy
sputt erjiRchd N cARuRF RACERS adl BRIARREENAdxide, GAfcoR(8DSHIF & bode b kilRtn a gas
pressure used when formng the ferromagnetic |ayer. ) In an

embodi niSik and testaekpdelaer %g%@@d dinngrel fgyemappticulszer and heysg a fwt layer
ferromagneti.c | a r e n_+&n t:e; ' : I ructure,
and con%%ﬁ%?%%‘ﬁﬁgéﬁégé?rgi(1%%ﬁﬁ?gr %E%?ﬁéﬁy%ﬁ%%gﬂgkggpﬁ%ggﬁ‘@%9?% and the
st ackedplh@yes (ftpr med on the ferromagnetic |ayer and having the first layer
containing Co or a Co alloy and_the second | ayer c,nt&ining,Pg_orI%.

As a Co- baseRispagrchireintnpaernsndicalennignetiferepiiendisn eiarectqriazd in that

partic I = JBGNEH! t.eri ki er abl e.
The Co ?é%ég@ﬁ%@ﬁ%%g?ﬁﬁggggﬁ al%ﬁ%?? n%terlaph% Q@%ﬁﬁﬁgﬁnéﬁgg%?ge force
Hc and gs@tioesaudsialyambdgetahe aeitle,ahe siiver 64), optheduddend sitagnétil.c field Fln to
be a small value |less than zero anﬂléw t herefore

,.resistance agai.nst therm
T uct uat i on PIAOSE NErds Seamidku GIRERTHS FRpIGPecak BRratriagdn Daini ch | s
t hus pr 1 i o/ 4 (Si) or an oxide
thereofE%ggﬁghggﬁgifggﬂ§¢ﬁg?he %%%?E'%?ﬁgﬁg?qigﬁfgﬁgﬁgged magneti c
mat eri al , SiDoclosétbhdrckes arpetpredicdlapxiagectieceningdisk blearsaeiasgan debtat grain
boundary portio of. .t he n tL.c crystal. grai to .edJuce the exchange
i nterac Gﬂntﬁ’étﬁr/@é sifipp @53‘%3‘?‘? ’%H8PV§?‘§}CI eéil%géiry‘ttﬁéljgt#ﬂ’jf reduci ng the
medi um noi se and inproving the SINratio in high density recording. Si my
be added to the CoPt-based or CoPt Cr-based magnetic material not only
al one, but also as an oxide or Si oxide such as 5i02. Wen Si is added as
the Si oxide such as Si02, the Si oxide is segregated at the grain
boundaries to reduce the nagnetic interaction between the crystal grains of
the magnetic recording |ayer, thereby reducing the nmedi um noi se and
inmproving the SINratio in high density recording. By adding Si or
the Si oxide to the CoPt-based or CoPtCr-based nagnetic naterial, the
crystal grain size can be reduced. However, there arises the probl emthat
when the adding anount of Si or the Si oxide is large, the crystal grains
becone too small, so that the thermal fluctuation increases. Therefore, for
exanpl e, the adding anount of the Si oxide is suppressed to 5at% or |ess
conventionally. Accordingly, there is inevitably alimt to the increase in
recording density. In contrast, in enbodinents of this invention, even if
t he adding amount of Si or the Si oxide is increased, the degradation of
thermal stability can be prevented by the ferronagnetic |ayer containing
the oxide, silicon (Si), or the silicon (Si) oxide and the stacked | ayer
formed on the ferromagnetic |ayer and having the first layer containing Co
or the Co alloy and the second | ayer containing Pd or Pt, thereby
contributing to increasing the recording density w thout causing the
degradation of thermal stability. In an enbodi ment, the
ferromagnetic | ayer has the crystal gains mainly made of Co and the grain
boundary portions mainly nade of the oxide, silicon (Si), or the silicon
(Si) oxide. It becones possible to magnetically shield between the
si ze-reduced crystal grains.



In an enbodi ment, the content of silicon (Si) in the ferromagnetic layer is
6at% or nore, and nore preferably 8at%to 15ar/o. 8 Wen the content of
silicon (Si) in the ferromagnetic layer is 6at/0 or nore, the SNis rapidly
i nproved. However, 8at%to 15at%is preferable for the follow ng reason.
When t he conDmsotosed Hexsim isreapei@anticutanenadrieit resbrding diskngharhetenizdil um noi se
is smal] gnd, further, the SIN.ratio,in high flPensit recordin not be

i mpr ove'd £3 CIREGET JaYPn 'S REC L #E OSYREN '%ﬁe r{q{gaéq) % y%rsgf&fgﬁ?er t han
15at % §hekdlayendi cul ar magnetic anisotropy starts to degrade and,

following it, there occurs the degradati on of thermal stability in high
density recobiicligedrhargn isnemestbedial roanufectsingFa perprndiawsr memeetic 10 to

an enboeneibe oK bR Perdofe e rdaneding P c e X Be fanci ar
struct um%gtﬁ@ﬁé ?écfﬂr%gﬂ%@f ?ﬂ rseﬁ@txétdﬂe,]g ﬂnﬁ] m@?hd&bﬁm&tﬁrh@d[@gmﬁ?bi stepr yst al
rains containin . e thickness o e ferromagnetic |l ayer is
grefera@ﬂ yoroing %wm@@saneﬁ)éstacamipg taygrr@@fgériaiﬂgsg% thenrpupstraieef ar abl e.
The st I | i ac fer net i.¢ r..t o t he
spacer (e didiedpiel ol ATy L R SERG S EhL of it B5T8R (5 e
f err omagihgdn ¢Si)aystiveanderysiad tgraing ¢ontainirgncobalt €8sy ameigaedtaziedd dayerxes of
the respective | ayers substantially in the sanme directjon. In the stacked

| ayer, 0ayaga figtdavey eonialmingh&o eap o gy @ @ose BygecoNtanipgr ms of

| ayer 1 CATRARELER) P YEITRYIE0, i RS AR b for B B Slbstiale Bt o0 e
al | oy t bespofterdmglirpah laagion graé Rdhoepherket ardhitesr foayergeihef stboeedfayeobgl t  ( Co)
or an alloy thereof and pl ati num . Since the alternate-| ayered filns
o o SR AN AT GBS AMSPhgln i & a5, PrasaUr e JB] ddeh i 1t he

st acked RegusRd-thd Rerdhbskagsgythereof is preferably 1 to 8nm
Desi rabpilé,?%gfetg n%?s prelf’gra%_l e.r Evgn vvhe% use i s nade of CoCrPt
cont ai ni ng aln angemiiadimentpfthet magoftic réoPding-ddter idoPdes al leasPdBeas a

material of the stacked |ayer instead of the. foregoing, nultilayer film the
i | o lesrreRahed e Bt en e saBsrdle, hafinen bR it bt B e eve

sui t abl goREIHARNAh GHidY, JIRIAEITIE of BRI B BBBR S eandAsE dizkRe@igfERNYE
coupling, it i's necessary to set a proper thickness ratio between the

f er r onatpigteidcon dfye ferspmaghetic layek @nd hapang dhe hirstHayeipenaining Q9 ekBess of
the ferpo netic,layer i.s.incr i ckness of the stacked |ayer is
increasgﬁﬁﬁﬁyaﬂﬁgﬁeﬁﬁgopﬂiﬁﬁﬁé§®%§&ﬂgﬁ%y§%égonagnetic | ayer is reduced, the
thi ckness of Atkhg ablkesd | Bghetis meturedfor@ingntHehderrbhaighbtickiges of the
ferromagnetic layer is A and the thickness of the exchange energy control

| ayer i Bamiculgriy § CoPtdbased Rrilrifribasgednagngticmaterialds piafgebis. Jheo 5.
Desi rab ' . - L :
o of o1 a5ty eS8 b BBICHERS ad bR WnEIhRH HRTS MibRIRRAGE (ol VB |2 o)
By proviaddngrt beuspacaragnayigatiort hevezzaihprogeacihgu plagnetib dicledin thide a

ferromagnetic | ayer and the stacked, | ayer ,can be suitabl trolled. As
the spas@all|valus ?/es’@stgaﬂsz%?é‘r\éiv dngreforgqesiztange @gaing %%%(%Eﬁ[qaé‘%r or a

Pt | aye ' : ; r e liayere | s in the
stac kedE?g?l)%ﬁﬁ{Htrﬁgecggnf’ raé%@hia%mg%é%%e%e \é\gﬁ{éﬁgb‘sgﬁggréﬁ%se?%@m sis

becaus e Biytcausingcam eldroant sughr 24 sitiedn 651 or aseoxide theaeef twdpposntired inn t er ns
of the condition of a facturing apparatus, .The thickness of the spacer
Cayer i BenraPkPasty oemr i pased ibrgBE malbisr sOf e WETaRE %0, 5 to b Snm
The ferromagnetic |ayer and the stacked | ayer are di sposed adjacent to each
ot her or through the spacer |ayer interposed therebetween and, in view of
HDI (Head Disk Interface), it is preferable to dispose the stacked |ayer
above the ferromagnetic |ayer as seen fromthe substrate. The ferronagnetic
| ayer is not limted to the single |ayer, but nay be conposed of a
plurality of layers. In this case, Co-based magnetic |ayers containing Si

or the Si oxide nmay be conbined with each other, or a Co-based magnetic

| ayer containing Si or the Si oxide and a Co-based magnetic | ayer
containing no Si or Si oxide may be conbined with each other. Note that it
is preferable to dispose the Co-based magnetic |ayer containing Si or the
Si oxide on the side adjacent to the stacked



10 layer. The perpendi cul ar magnetic recording |ayer according to an

enbodi nent of this invention is preferably formed by the sputtering nethod.
Particularly, the DC magnetron sputtering nethod is preferable because
uniformfilmformation is enabl ed. As recited in the above

enbodi nexitle thkeesoffcammbegsedregptadhabhdirainl boumdangeportione oxfr thien grdgmetic

conposed of .the ferro netic |l ayer and the stacked |ayer on, the bstrate,
[t 15 dEYPLSIENS dOEARCE Hee FPhaRiRABErCIPR R RN e BaBReicPes)
sput t T offind, Qhér%ya\*ea%ingaﬁe%%mWo%eagﬁid tim?hme\hg% fsu% @/Nh%ti%tiﬁgrh | ayer

by sputiering in the argdn gas atnosphere at pressure r than
t hat us@éensilyeredasdimgng $henderbreomalgrdt i thay€oPt-baseéd oreCad¥rpashat t he

f tic layer be f thi T L5 that the
ragnet | BogNEI " el et L P o RbHBE & PRYRIEan SEXAE AR O o der
to redupmdnhsi igR@idemaotheesianite 5UEH BESIOS! thersitdideis SreégateamntiRe

segregated in a uniformthickness between the magnetic cryStal grains
cont ai ngien beundariasctogedine Buw masnets interacgionthedween ithe cey/strd gedivay t hat

st acked 1080 PEE Fi RadBre” e Bbl P ER T MOY DS SF SR et B -
wal | s (mmgswqﬁg@ﬁh@ﬁﬁtﬁ@mﬁhﬁ@@aﬂp@gﬁts) anymhere by pinning force fron}the
magnetic grains of the ferromagnetic |ayer e. for allow ng the domain

wal I's to freBypdgingeSien thesSitddetq @Gt@@PtéaééﬁTagf&@ﬂtQﬁbaw megngbient to
the st , , il Se | t d_l t |

one oo CHESAIPA A, Hah P RAT RELRadbehel Mo lR g Hpplohueinet 1o
pr ef er aptapldrorthadwhgnshetddeinganadund of & drethipeSiadxide is lageekanphstali n t he

range of 1 to 10niTorr. On the other han the ferromagnetjc |layer is
g 1 %h%j i@?ra@gﬂy fer y

pr ef er aBIANS BEGRIAC 1P st &9 thaj thg t epleRINTaags. 3tMRrEF e oo nor e.

The per geffheul td ' dihs; cgr i i t of
this inventF%htﬁggﬂggﬂﬁégg?ﬂﬁﬁgfgggggoPﬁgeggr%gﬂﬂ?g%cgﬁaggggggﬁggsgcording
| ayer ocorveatisndlbt ratcerdinglyptiefrenaiigritbbly a/Bmitdathé inmeasmi rdcayding i n
addition thereto. In an enhodjnent of this invention, a soft magnetic |ayer
may be BFBU0AE ConIERG 1R SRS ol5 UBRPrREBe HE SURGRBTE e r ool
of the pespRdhsUbiabxiHBIEShE@a5880H REgtAebn dNtRPmaNRemMiiptanchbethis 11
invention, the soft nagnetic layer is not particularly imted as |ong as
it is nprgyepfedabpdbackeronrangtichayerezbntsiniag dhe toxidgneiticen §5hper tthes and,

for o AR (89 ShTE NN BRSeAR TR fed sBP B et R RfE o O O
pr ef er ahbyin§aheasira BRENIIEaiRNGPSA Yor &hsaly alibPan®angt sécdnduaydensi ty

(Bs) of 500enu/cc to 1920emu/cc. As a material of the soft magnetic |ayer,
there ce@ntBwing iy carPkdhpesiyd caalributiag toaincrasing dheaeepiding dsnsitiie | ke.

For ex , #ﬁg'ﬁﬁ@ . = oft magnetic material such as
FeTaC—gggégu%. o&, &1a g%%ﬁigﬁ$85ﬁa€%ﬁﬁﬁt3ed al | oy, FeCoB-based all oy,
or FeCo- baseth ahlaybodinfentbtretbrahagmetgniet/ec hast el alysslighairas mallaZr - based

all oy or CoNbZr-based all gy, an FeCo-based all oy soft magnetic nmaterial, or
t he 1i k@ade of Cojandhthegriaihawndapt PeRices; Mokl Mmafe phihg aKidrn&diEoBf t he
sof t t er i &; r : Lrahl to
200nm. G e SHEpR () BRI B HekopleR PdsCinle KOMBARoAT 8 Sepme

di f fi cuthe sipe-fedunca @ystabptadnsragnetic circuit between magnetic head -

per pendi cul af magneti¢c recording, layer - soft nmagnetic |ayer, while, when
T Bxceeds 1ROBMAMIIETEN.ahg DRI IEOTHS s 8 ETOBGNRI YA casos.
Fur t her gaMhep nidre €456 Bfe F0ORMMBIY BAS%,80118ascase where the sputtering film
formati on becomes difficul't. I'n an enbodi nent of this invention, a
nonmagneti ¢ underl ayer is preferably provided on the substrate for
orienting the crystals of the perpendicular magnetic recording |layer in a
direction perpendicular to the substrate surface. A Ti-based alloy is
preferable as a material of the nonmagnetic underl ayer. The Ti-based all oy
wel | serves to control crystal axes (c-axes) of the CoPt-based

per pendi cul ar magnetic recording |ayer having the hcp crystal structure to
be oriented in the perpendicular direction. As the nonmagnetic underl ayer
made of the Ti-based alloy, there can be cited, other than Ti, a Ti C-based
all oy, a TiCo-based alloy, or the |like. The thickness of such a nonnagnetic
underl ayer is preferably 2nmto 30nm Wen the thickness of the underl ayer
is less than 2nm the control of



12 the crystal axes of the perpendicular magnetic recording |layer is
insufficient, while, when it exceeds 30nm the size of the magnetic crystal
grains formng the perpendicul ar maggetic recording layer is enlarged to

i ncrease the noise, which is thus not preferable. In an enbodi ment of
t hi s i rivéeni tbe, contbart ofegiien csm ire kit mtrmaagm@a Eyeete6aBb orfroorecding r ol | i ng

t d f th ft th b te i f bl
e or Sy Taraaely Biprose s Homaes Balsh tp MBS liTRB o fe lBWRE! o mace,
the he%agant ﬁﬁ %é‘%@n@ntﬁé‘ﬁas'%%hﬁhr@ét% ¢ e st rdtugthg e MBaiugh ass for

t he substrate, ere can be cited an aluninosilicate glass, an
al umi ncrt:msesslsmett angd| Asthera tiso N rati gl high densitheetording pam@ btem the

| | le. Furth h
cryst a TR Bl b SRR e Wit RRGAERPR Fper Bl Widhr phous,
the subsigied ehé pelsdifEaly ﬁha@ﬂéﬁc @h.édﬁep9@érpé1waegﬂa@e83ndﬂt1@ltbvanghtem cal l'y

strengthened glass is used, the rigidity is hi gh, which is thus preferable.

In an ehsiprews tbe dagradatinrent tt@ﬁmat ﬁt;abétty trabé;hr degityeresotting 96 th&i n

surface the.s tr raf er r Ie nm or

less in" easﬁy"b%)@ B‘S‘%g ijc;ﬁ- ﬁj' r%g‘jt‘% gg%gceo aégg%tw%rmper p¥3nd| cul ar
magnet i srefereblediang 12ayer15atsofis forbeeprafetayer mpaanbempetin@ftsdrtiisso t hat
it is possible to forma suitable magnetlc circuit between nmagnetic head -

per pendnN¥@ntign, ﬁh@ﬁ@t@f@a%%? tayeg NegylBe araryet sirugives centayeg Storthe  1n an
enbodl ctje %erteﬁg Bet r'?tgﬁhe %%r;% %%rglrngfc‘?frﬁ’ghﬁgt@of Wé@ ?ka‘?@ggs' on

| ayer vveen t gub st rate nagneti c ormng the
adhesi chf thaYferromiabeetic lger tnplafénsdin20ive o udsd. rBEelra%ﬂyl thbea:sgr:i bf Bdgnet i c
| ayer can be inmproved and, therefore, it is possible to prevent stripping

of the YoAT IBREHBEEDE| ayer. As a material of the adhesion |ayer, use can be
made of, forg t t twcal use,

t he thi cknessﬁé(% t k%dalgxgtsﬂsgﬁﬂfagﬂfgt @c?éﬁ%rfgfrgﬁtaaglnéﬂggfﬁyﬁoﬂgrggﬁg&% In the
per pendspadeariaym‘gﬂneréhsetweenr dThg siasfkech@ymrtse*n’agdehfmﬁy @fupﬁe'd $oitheent i on,
it |speferabl grovdfea # a:lilvetla er on t he %”H cul ar
magnet i PRI ’ﬁglaV d Tpctigng, ii3ign Hh %ﬁstyt g@tginﬁ Z‘Tl’tiﬂﬂe ©1i'8€ possi bl e
to protgehebii® ﬁa%tsa&?o&énﬂah@ am@%brrre ik&dtioh! qmtﬁé%té@déﬂ%yé‘r 868 di ng
head flying over "the magneti C disk. As a material of fprotectlvelayer
for exagnging aee mmmb e:aupladt tsr eok othgrer in ée@nefOértbbl eromagneti¢ ckness

of the protect efe Iya nm,t.Q L1l S
preferaB‘P"E‘r fTB'a thﬁlgﬁr Flrgﬁ gﬁﬁgy%t?clé%&ﬁyeerde&rgﬁca{%tvg | ayer.
By provindidedoft Aifarhateriagared nmntsawpéob@tb(@é) onahelllveanetded amagnsiadurhead and
t he magnetic di sk can be suppressed so that the durability of the magnetic

di sk catPcBeana%prwédayaﬂt@d éiirﬁﬁtOé cphglt 6o} erean aliey ttmre%fgamcttp'@tmuwt)ex anpl e,
PFPE T
Cayor  Lensedfl MRBIRE Iglclel Tift RIAIAH Shcn RIS AR BuGh piinet UKy, O3 1 1

magnet i thel gydain Wétlewtmtdm treystackédmyatbas |berret:la<y@at Thadhitheegy thbaxeifi ve
| ayer be al so formed by the sputtering nethod. Partlc Iarly, the DC

nmagnet r’énp@&hapéquﬁa Who@e%atﬂb’egépa@l"’é *Eeﬁfﬁtﬁié lgni FYBMWheMUEBiFati on is
enabl edmaldﬁ 61’58 6&51‘?{ 'aeiaP Jn'ﬂ%f'm d] n,eg\f)p?bfpelljp EBFE”, met hod.

Furt her r| ca er | e erably r exa by the
di p coa€bPRd; ratetahmhteriai of the stacked aner instead of the foregoing multiiayer film,

the similar effect can be obtained.



Ef fect of the Invention Accordi ng to enbodi nents of this invention,
it Is possible to provide a perpendi cul ar nagnetic recordi ng di sk that can
contribute to increasing the recordigg density by inproving the SINratio
in high density recording wthout causing an increase in DC noise,

degr adati on Forthéxerinedrdst abi Achigve auitatieg pedadndiculam magretidi repocdipgbi i ty,

and a net hod, of manufacturing such, a disk. Best de for Carryi,ng Qut the
cnt | Biopertiss bEgthon PETATE S SR g MERESTATY 10 56 BAPEL IR st net | &
recor di ag;di ' h $ovdP Ve ' ' ' e

oo nioo baveBACRE TLRAniBNbH. Yaydh i IRNstabREPIAYAILLA (Bubphin the

i nvent i thickness aofstheuetromagnetic 1dyevhiscincesassdhdlsé dnickagsy ob the skskedmagnet i ¢

ayer clavir i kitee e oy Wi 12, o0y ahe 78 Ml e BPUREL L v

layer 8iheaficihdsuhifl that dthskdRlser I F6QURRViGIesh Aatacha! ecknedbsdrrage 1 in
the order naned. Hereinbelow, this invention will be described in detail by

g: vi ng @W@Sﬂt@{iﬁyfﬁdﬁﬁ@m ilhﬁethéb_ka\ﬁfﬁ‘ﬁ ek thq exchmpige energy control layerdfor phous
o oauc: Ao JrelicdofR Ig Bin e du "hitog AhdS oF RGs"YPhdlay FiG%Ts Moot

chem captafesibiendi Rengdbodiniriche $hedceyyabtairefargbly ovidied hetneagnet i c
gl ass substrate 1 in the formof a chemi cally strengthened gl ass disk. The

di sk di Heetesionpanatisiaverang! biegrslaeked ByghnBy Previdingethpesnacsiiavasdher t he
o253 SSRGS B0 EISH R R SE R AU R S aP BB L
and Ra §gtdisywcdnpales eAd thdusiadenlaysir angaisbréfbEraly made of, for example, a

Pd layer or a Pt layer depending on the stacked layer. When the Pd layer is used

in the stacked layer, the Pd layer is also used as the spacer layer. This is

because it is economically preferable fo use the same composition in terms of

the condition of a manufacturing apparatus. The thickness of the spacer layer is

preferably 2nm or less and desirably in the range of 0.5 to 1.5nm.

The ferromagnetic layer and the stacked layer are disposed adjacent to

each other or through the spacer layer interposed therebetween and, in view of

HDI (Head Disk Interface), it is preferable to dispose the stacked layer above the

ferromagnetic layer as seen from the substraie. The ferromagnetic layer is not

limited to the single layer, but may be composed of a plurality of layers. In this

case, Co-based magnetic layers containing Si or the Si oxide may be combined

with each other, or a Co-based magnetic layer containing Si or the Si oxide and a

Co-based magnetic layer containing no Si or Si oxide may be combined with

each other. Note that it is preferable to dispose the Co-based magnetic layer

containing Si or the Si oxide on the side adjacent to the stacked



Then, by the use of an evacuated filmform ng apparatus, an adhesion |ayer
2 and a soft magnetic layer 3 were forned in order on the obtained gl ass
substrate 1 in an Ar atnosphere accofgling to the DC nmagnetron sputtering
method. In this event, the adhesion layer 2 was fornmed by the use of a Ti
t ar get lagersThe peependiculaayagnetiviragordinchiayknessorgin@nan embedigmast her

hand, t ft tic,l 3 f d by th f,.a. t
ne to b i mYBPITo PEERY (rRaar S e Pt R Bt 108! havi ng
a thi Ckﬂ?@%a@ﬁe@@@%B}Jtte{in%metha_d‘% Siehsriabt BedAlscumirpefieh esthitionagnet i c

recording diSk thus finished wth the filmformation up to the soft
magnet igndtdg@r 3 was renoved fromthe filmfornm ng apparatus. The surface

roughness of ,th i endi .ar i ecord] LSk strate
Fini'shed wi (A (RGN i 7, REORE A Blerke B, frfREife alafdishile
measur egdabiefid eediriirignial/be coapesad viehe datloimagnatic fayrumidtiausfaaked shape
w th Rmax bei n&}é 1nm and Ra bei na%o. 48nm Further, 15 the nmagnetic

pr oper tliager on sybssateatteisndparahiador ampihes farspmaoneliaiaye; Tatee
Ma t t. i
S atg Esa? %\S%%% nﬁ';? is@u#t?ﬂﬁé olg n@ﬁﬁ}éte ;‘? Fm Hg\i('g gﬁnﬁé;%gwe(r?ﬁ%réa"?ﬁgﬁm % @ﬂ? ttgglee soft

magnet i stapkapédiydrelsy sputieengindend ayrgos gasdatnpspheea diicihcagaspyesdure
recordi ng | ayer are forned | ayer 3 havin snoot h

n the soft nmagnetj.c g t{}ae
sur f acelO¥Raeamthd %?&Wbﬁi‘?ﬁ@”@%’!sﬁﬁ?é?“? ASHEIBE Rt BeTeRP6aBhINASr | oss,
It is Sﬁﬁ'etf@Woﬁwéaq?feﬁqugﬁ B e E at @ﬁ%ﬁ?ﬁréﬁﬁrés?h@freégoﬁ\{saﬂ%ttﬁg
Ionary facing ty ilmf

si ngl e-waf er st pe ormng apparatus, a first
under | ayagndtc gramesiaadinuthdefdrepreagrdiic mykeraanmbgnditiitishegen @den tgpacer

| 6, tacked | e bon-b d . tecti | 8
fof med tesisPdBs ToR0 RLNGSE A Wed Tiont o L o bR eR i Seaistete b g 1o
: Eg 1PiCI ﬁ]ﬁiﬁ)}ﬁ{ Ik rRY b B (R h2Rfhetic crystal $Rairsh@ iR 8batfth&grdlgd with

rmation up to the soft magnetic Tayer 3, at first, the first
under | ayeundexiasadie ofnteasdripifonscedspay (Nit: theatsskeTalagsabeyfornad whjewg a

t hi ckness _of | Onm apd the secongd. . under| ayer 4b na f n Vi a
i Cknedss Bressifim JBF coRshBanarkPortack e BYehlp PR0Eed o R4 BAGRORANG, be
formed {mdrandor TikA HEmalty Walls Ninigyridigatiop ararsticsr psirds) Riywhe® 9§s
pressure of the Ar gas higher than that used when formng the | ower-I|ayer

si de Rupinping fersesfram thei eagagticgrainmobbeifappaasaetic layer, ie. faealowpdt he use

of & hal BeRnel e 8 HEbyTRAGe SGAT Ble RA TR nd Bk by mgasic | aver

5 havin ucture was fornmed to ess’ o nm The

conposi {d e efadkBe lhgegeind ris iwefaraiget toeforer thenegicked dayearyat Idw was
Co:62at% C:1 0 at% Pt:1 6at%, Si02:12at% , The, ferfﬁcém&%geti c,layer 5
was f or Reassyre forghat pureeser & Biis $eafrdhe statlad laypisqyglesrbly J0EPEE Péade of

Pd and hay i g Lhars 1d HembAcked | ayer 7
in the P@\f(#né}o gf ?ﬁ%g@@?qégég?%gﬂaﬂq‘%@%g I@geaﬁng was formed. CoB was
first fthemetherritanda the ferrofmagnaienl e, is thiefeealnly fBimed Dy sputbetinghabaa film
of 0.9nm Accordi n%lg/, t h]e total thickness of the stacked | ayer 6 was
1. 2nm 93gtemperature of 30miorr or more.
The perpendicular magnetic recording disk according to an embodiment of

this invention has at least the foregoing perpendicular magnetic recording layer

on the substrate and preferably has various functional layers in addition thereto.

In an embodiment of this invention, a soft magnetic layer may be provided on the

substrate for suitably adjusting a magnetic circuit of the perpendicular magnetic

recording layer. In an embodiment of this



The stacked |ayer 7 was formed at a gas pressure of 10nfTorr |ower than that
used when formng the ferromagnetic |ayer 5. Then, by the use of a
m xed gas containing 18vol % hydrogen;jn Ar and by sputtering a carbon
target, the carbon-based protective }ayer 8 made of hydrogenated carbon was
f or med. inTletidrhith& redtsmagneticiayar Bonetpadidulprigtiettad/es leyeas & wasade 5nm

Since the filmhardness s i oved_ in the, formof, hydrogenated carbon, it
o bossPbPeMESTBRER i BRRHGHGOR AT R EPEr eSS T PRGEPRhgal nst
an inp ngtyd f - r dC@u! de of
SR LAl S e N TR R R

t hi cknearsd ofore ipeeflecdlrly O11 1000 agrsteds. wartimen it preferably Tias @sgh magaetic

manuf act ur i prqcess as _described above, .t er pendi ¢ r negic

recor di P@pﬁﬂg@ ﬁqu'fai'iog' 'B?%'ﬁ%tfceﬁ% © &yégﬁéapgﬁ%mgaﬁqgéég@SUgﬁﬁ%sssof t he
obt ai negl RRERSNGH k! STt ARGABEE fayep BB BAn BeSditasan PRASAERINRYeridIea AFM i n
the sane manner and it was a snooth surface shape with Rrax being 4.53nm

and Ra Geihaged. metanial.Byr therikengFenhexapalse usesar bg made vhanstedkead| ayer 7,

t he surfagce roughness. Fk n [€,1 o] . S £ss is
Fur t hor P B b AT cat g e iR ERY et SFdaNR e B G " he
st ackedpAsieailoy, FEGER-Bhsed plloy il eCGo-bavettliegta Chata@d stsft atmynatiteri stics
and flyi n% characteristics are inproved so that the thickness of the

r

pr ot ect Materiadyichcan Gelakdiased. alloy or ColNpér-pasesh@liey.oan dre¢erdased

per pend] y =or gdi yer (the ferromagnetic layer 5, the
spacer %lg)yesfd’f%%gﬂgh% ﬁjegtgﬁﬁbg%fggllg@ér 7 will be collectively called the
per pendi cul ain pagMebodiniatosfdibig ihardionartick tthieksas®e of Hatd | sodpplagnetic
hereinafter) in _the obtained perpendi cyl ar etic recordi di sk was
anal yzeld@y8y/'& Reefaoky SQne fen 4 090sim ranch e Ealy e o, 2P8ney hédgs
(hexago, C cr C f: } i i on
per pend[:ég%ltg%ﬂfig) rﬁﬁbhﬁéklgsé(u%%%eﬁﬁ%r?%%,O%eaiﬂé%%gé%@ %CQFE%% 5in
t he obt miagadtiperipeaitdbetesn meagneticcheat or dermendickamawgnedicywedrdingdet ai |

by the 17 use,of a transm ssjon electron m cop TEM and it had a
o anu a8 1 St T1asnep R BRIy Tor T axoedhi DOTHI TIece Top SARC MULERRary
por t i ongheBdes @ rodighPéss ndveESed OFIRAchaiNGe R Sfcseha!1oAMSthefe the hep
crystal structure containing Co. It was found fromthis analysis that the

f er r omacass whereather sputigiinonititrefosmatine besgmes diffigulii de aof erabedim@rmfand t he
boundary.regi ons made of the non netic bodi of ut _ 2nm t.he ot her
pand. -t s EeBREn T poRiadrishe RRERATEL boreRiraby mhuRRdon Hi hueREPs o "

havi ng {dieo@drtitg Bie TrydteUBE theSHarpahdigsier iMagdeétd reddtdinge iaige iaf at he TEM
and it did not have a granular structure. This represents that the stacked

| ayer 7difeglion perpgodichiar e thrysebmsatasuriarey Acbrasedalloyiagrderalie B§.  That
5 b 3 AR ol blSefP IR 2R Mkl LRI ARORBLLE v S
| ayer T7cdritrdlsrgniaisaxiar @daididof the SoPtpasyd petgundididammbgaétididdorging ( Exanpl e
2) layer having the hcp crystal structure to be oriented in the perpendicular

direction. As the nonmagnetic underlayer made of the Ti-based alloy, there can

be cited, other than Ti, a TiCr-based alloy, a TiCo-based alloy, or the like. The

thickness of such a nonmagnetic underlayer is preferably 2nm fo 30nm. When

the thickness of the underlayer is less than 2nm, the control of



A perpendi cul ar magnetic recordi ng di sk was obtained in the sane manner as
in Exanple 1 except that the stacked layer 7 in Exanple 1 was changed to
alternate-layered filns of two cyclepzhof CoB and Pd (Exanple 2). The total
t hi ckness of the stacked layer 7 in the perpendicul ar nagnetic recording

di sk ofthehcrysek aralseofviise etpendidiier onagndtiat remordihgalaper premiufiidiant, magnet i c
recordi ng, | ayer |n the, ohtai ned perp icular magnetic recordi.ng,di sk was
anal yze‘ﬁﬁ‘!ﬁ/ hen & exgoeds %P%S?%%Zﬁe‘%ﬁgﬁ magnetq %&S{%Q@a _q’rgml?q t'_t"?‘le c-axis
of a hcpstBRARIRR FhaGhRerRBRdiRE )aydris eplarg bl Y6 liNER VB ThO HoRY, ehitih @
direction perpendicular to the disk surface. Further, a ferromagnetic |ayer
5 in the tls aoheefegrableendi cul ar nagnetic recording di sk was anal yzed in

detail by the use of the tr m ssion.electron m crose: nd it had
2 or anul ar ot o emeopnt A BRS nRveNen. SEhER tndhfeds TR AleRhnd ¥ ea fha
grai n besndaky, REr idoRfsiIliRBdmaghelit @hEmswef Qhéoécm?dnb?ﬁézﬁﬁffeﬁry&h@' grains
of the hcp crystal structure containing Co. 18 (Exanple 3) A

per pendsuhsitzate imnpiesenably mededifmgglabsk Siees bist deasgubsirateds sxpellepdimer as in

al T or nepeRt ey Shinger Fio,hOgy R OSSRl PESN sfe SlaSERRGR tYBRnBR" AT e 0 (1

t hi cknegiasof fdrhenest Aictdtd ayesre7 can bbe ched pandakimiavsitiegteeigiass; eaor di ng

di sk of this exanple was 6.0nm The orientation of a perpendi cul ar nmagnetic
r ecor di @Ymingkarosiicathe gEstaicn Sadpelipenaiesty & WegHER-| AMABELIFMRg 188 sk was
anal yze&upﬁnéﬁlﬁzaﬁ% bf’é’ﬁsq's]é)fré%? B!%n%%@ﬁdﬂrﬁﬁ'ﬂor AR SiBsE¥PERGstdizbfe C-axis
of a hop (‘hexagonal® cl ose- packed) crystal structure was oriented in a

di rect i glaspenpdrdisad. avWhan theesali slegsastid tyer isantdnphousa thiesubsteajrdsi c | ayer

5 in the gbtajned perpendicul ar neti.c recordin i sk s anal yzed in

et ai | BpREN/DadB0T LR SMCPAMH S Egn, Wikt f oI Bt teriat SB58 1t ha
a granuj.ar G Lo i 'n.,,ﬁ@ I . Wbl cgyl LY an jiemed t hat
grain b'gﬁlflstfgr’wggﬁclﬁ%}nfgkﬁngh’e 0 gflg tﬁlg%éjer%?%i%f oizr?ﬁn%% e&%%@%ngr@%}l‘tlgl grains
of the inepniiorystied sirfacet uoeghrmssaohithg Gwin (Soracs afi the Bubsphte 13

In Exanple 1, by the use of_a hard netic targgt de of . CoCr and 5102
( Co: 62aberEPI 6T (855 18 RBi Sso0 PoRY 9 Tess FoRPonRyREY LB & vas
formed gmostH Bigkaess @lp beten PeferRicUlf ddgictioveanriing ihyarer sbit a

car bon-based protective |layer 8 and a |ubricating |ayer 9 were forned

wi t hout miagnatindayers pae gve |s&f exonstamh dson thatais kiedpossjile . farc epsuitaiile poi nt ,

"’ Exarprane e e Phiee T BiIAAE. Aod SRS nidbilelf ASRE Engne o

recor di pgefl §5ﬁw§anm@$gy@d by the AFM and it was a surface shape w th Rmax
bei ng 6. 26nm and bei ng 0.48nm This is rougher as conpared with the

foregoi ng pelpéndiesiagimeal it s dReBItignngt ds sNse optieirraiie: P tREMsBacer
forr omm R TE e SSRPsh HE  sybsuBH SR ot BHGRBEISAT, Py Kung g ai ok
was anathez adhdslom heyef; tiy adhesion between the substrate and the soft magnetic

layer can be improved and, therefore, it is possible to prevent stripping of the soft

magnetic layer. As a material of the adhesion layer, use can be made of, for

example, a Ti-containing material. In terms of practical use, the thickness of the

adhesion layer is preferably set fo 1nm to 50nm. In the perpendicular magnetic

recording disk as per embodiment of this invention, it is preferable to provide a

protective layer on



19 diffraction nmethod and the c-axis of a hcp (hexagonal cl ose-packed)
crystal structure was oriented in a direction perpendicular to the disk
surface. Further, the ferronagnetic hayer 5 in the obtained perpendicul ar
magnetic recordi ng di sk was analyzed 1n detail by the use of the

t r ansmi hei parpehdictino magnetiosecpeir(glair. sy prdvidiag the preteotivay lager, itdg ur e.
Specifically, it was confirnmed at grain boundary portions made of S

oxi de veSIHIBRIOEEH S RUERSR ohi Vr%gﬁ@t'%fﬂl#r@mﬁ&bemg@%nc CPIRHRGr e

cont ai ng : (gpﬁp i e I a hard
rragneti'?:é]%jar o0 MR eﬁ{oe]?h{a%eﬁté%.: 7 arak??a%@%pgﬁh‘% pgt%:e%% y%)% T‘O‘fgr

f er r omagxatiple, laagerbdbi-vesed protediiveo layet hé ghafessblef Thanhickrespoftthes poi nt,
a perpendicyl ar,_magnetic recordi di sk, was obtained in the sane manner as
in Exan‘i’;rloée(‘Ll%'."‘;3'f‘f}313(9,\‘5r ?ipé‘?ffgéeltﬁ\ﬁ b 'f‘tn:gn"ﬁé? EfYli cul ar nagnetic recording | ayer

in the obtai pedoReERBISHIrder TRONGE iagubﬁ(%rr@hlagetdbﬁ'fhé‘@ﬁat@&ﬂ}e\’lé%r. by the
X-ray diffraction nethod and the c-axis of a og (hexagonal cl osé-packed)
¢

cryst al Bytprowdingethadsbaeating eyer, rebaasion distvean gbe peaghiatisl head endtbe di sk

sur face, . .. The static _magnetic,properties,.of .the obtaine

or pandinagnai fiskie ke suBaraes 19 Lt M S gt SR e AR ve
exanpl ese Weiigog¥@l Udlsedh vafdhial usre iy [LbGcalinl agfbra feplSankier PRP tracer.
Fig. 3 shows MH curves neasured by the VSM wherein the thickness of the

st acked(Resfugropplyeteahde dreferabler eabihaghisknass Hd e dubrigadings layar [i€oB/ Pd] n.
Ther ef = 4 A= : = le 3 =0
(Corpar aErr@ TR TP Y1 e ERAPRITAGS it hel o RoRe e BBt Eot on

r ever salindertdyeysthgr adhsdinw [apgnand ahéigbbclivh)laprdba S Biradddoby rtagnet i ¢
field (Hs) in an MH curve. That is, the magnetization reversal nucleus

pr oduci FRftiREgRetTethPrel qpéﬁmﬁﬁ"bﬂ athgurRy | BERONGHPDe SRYtErND MEted tihe axi s
of abscér%?@r%b%oﬁé QNG iRt AnPrdPRiafbn 8 ehgf&;%asq{?fs' go @féﬂgﬁfd?%% feggent of

a |line Showing saturation nmagnetization and a tangen obl'i que li ne.
On t he tishierlineatype fillefeating atetbod neenéiarctifa kibdichtis) ldyerds pROfenaisier i cal
value af a pojnt on the axis, of abscissas corresponding to a point of
interse{f’t“in@ﬁ’ exa ?’2?3%%\95‘1‘!3(986?‘”9 method. FromFig. 3, it is understood
that the magneti zation reversal nucl eus producing nagnetic field (Hn)

i ncreases while the saturation nmagnetic field (Hs) decreases due to the

i ncr easkefiect afihe knesdioof t he stacked |l ayer. This represents that the

thermal stability.is,inproved and, .simultaneously, recording is. facilitated
by forming t AEHHIIS RIS MRt Bf HS BYSP g 1 PESSIIF HIGVROVHE Fayer od
st ruct up&rpehdichfar! RIZgRERENRICLFAIhGYEEK Sthat RINSRBARBIHULANET inBredit (the Stacked
| ayer 7. Note that Hn decreases at n=5, which is considered to be due to

reduct i meordingicdenpap| ly impeiving dog (St fajiel ip Bigbvdensiy wegrdiagiwihawdsul ts of

per pondl AN AGHEPFESY clorid ngioites  SoBepef, SR pkErToL "ahill ceh ™ "

conpar agieyradesanii Rordiag eabhbiityl ahl @ rhetHvasf rabsoiadtgingadusess @kkHn val ues

Best Mode for Carrying Out the Invention
Fig. 1 shows one embodiment of a perpendicular magnetic recording disk
according to this invention. According to Fig. 1, the embodiment of the

perpendicular magnetic recording disk 10 of this invention has a sfructure in



(mnus values) that appear when applying an external magnetic field froma
pl us saturation nagnetic field to a mnus direction. [Table 1] Table 1 Ho
(0e) M/Ms .Hn (Oe) 01W (dB)
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which an adhesion layer 2, a soft magnetic layer 3, a first underlayer 4z, a
second underlayer 4b, a ferromagnetic layer 5, a spacer layer 6, & stacked layer
7. a carbon-based protective layer 8, and a lubricating layer § are provided on a
glass substrate 1 in the order namad. Hereinbelow, this invention will be
described in detail by giving examples and comparative examples.

(Example 1)

An amorphous aluminosilicate glass was molded info a disk shape by
direct press, thereby producing a glass disk. This glass disk was ground,
polished, and chemically strengthened in order, thereby obtaining a smooth
nonmagnetic giass substrate 1 in the form of a chemically strengthened glass
disk. The disk diameter was 85mm. The surface roughness of the main
surface of the giass substrate 1 was measured by an AFM (atomic force
micrescope) and it was a smooth surface shape with Rmax being 4.8nm and Ra
being 0.42nm. Rmax and Ra follow Japanese Industrial Standard (JIS}).

Then, by the use of an evacuated film forming apparatus, ar adhesion iayer 2
and a soft magnetic layer 3 were formed in order on the obtained glass
substrate 1 in an Ar atmaosphere according to the DC magnetron sputtering
method. In this event, the adf\esion layer 2 was formed by theuse ofa Tt
target so as to be a Ti layer having a thickness of 20nm.  On the other hand,
the soft magnetic layer 3 was formed by the use of a CoTaZr target so as to be
an amorphous CoTaZr (Co:88at%, Ta:7.0at%, Zr.4.8at%) layer having a
thickness of 200nm.

The substrate for a perpendicular magnetic recording disk thus finished
with the film formation up to the soft magnetic layer 3 was removed from the film
forming apparatus. The surface roughness of the abtained perpendicular
magnetic recording disk substrate finished with the film formation up to the soit
magnetic layer 3 was measured by the AFM in the same manner and it was a

smooth surface shape with Rmax being 5.1Tnm and Ra being 0.48nm. Further,



IN(DO) (dB) S/IN(MF) ' (dB) Exanple 13900 1.000 200 29.5 26.0 22.0
i5

the magnetic propertieé of the substrate were measured by a VSM (Vibrating
Sampie Magnetometer). As a result, the coercive force (He) was 2 Oe and the
saturation magnetic flux density was 810asmu/ce, thus showing suitabie soft
magnetic properties.  Since underlayers and a perpendicular magnetic
recording taver are formed on the soft magnetic layer 3 having the smooth
surface shape with Rmax being 5.5nm or less and/or Ra being 0.5nm or less, it
is suitable for reducing noise. Then, by the use of an evacuated single-wafer
stationary facing type film forming apparatus, a first underayer 4a, a second
underlayer 4b, a ferromagnetic layer 5, a spacer layer 6, a stacked laysr 7, and
a carbon-based protective layer 8 were formed in order on the obtained
substrate in an Ar atmosphere according to the DC magnetron sputtering
method.

On the substraie finished with the film formation up fo the soft magnetic
fayer 3, at first, the first underlayer 4a made of amorphous NiTa (Ni:45at%,
Ta:85at%) and having a thickness of 10nm and the second underlayer 4b made
of Ru and having a thickness of 30nm were formed. Herein, two layers each
made of Ru may be formed instead. That is, by forming the upper-layer side
Ru at a gas pressure of the Ar gas higher than that used when forming the
lower-layer side Ru, the crystal orientation can be improved.

Then, by the use of a hard magnetic target made of CoCrPt and SiO;,
the ferromagnetic layer 5 having a hcp crystal structure was formed to a
thickness of 15nm. The composiiion of the target for forming the ferromagnetic
fayer 5 was Co:62at%, Cr:10at%, Pi:16at%, Si0z:12at%.  The ferromagnetic
fayer 5 was formed at a gas pressure of 30mTotr.  Then, the spacer layer 6
made of Pd and having a thickness of 0.9nrm was formed. Further, the stacked
javer 7 in the form of aliernate-layered fiims of CoB and Pd was formed. CoB
was first formed into a fitm of 0.3nm and, thereon, Pd was formed into a film of

0.9nm. Accordingly, the fotal thickness of the stacked layer 6 was 1.2nm.



Exanpl e 24010 1.000174034.6 28.1 22.2 Exanple 33780 1.0001600 49.3 32.0
23.5
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The stacked iayer 7 was formed at a gas pressure of 10mTorr lower than that
usad when forming the ferromagnetic layer 5.

Then, by the use of a mixed gas containing 18vol% hydrogen in Ar and
by sputtering a carbon target, the carbon-based protective layer 8 made of
hydrogenated carbon was formed. The thickness of the carbon-based
protective layer 8 was 4.5nm.  Since the film hardness is improved in the form
of hydrogenated carbon, it is possible to protect the perpendicular magnetic
recording layer against an impact from a magnetic head. Thereafter, a
lubricating layer 9 made of PFPE (perfiuoropolyether) was formed by the dip
coating method. The thickness of the lubricating fayer 8 was Tnm.

Through the manufacturing process as described abovg, the
perpendicuiar magnetic recording disk of this example was cobtained. The
surface roughness of the obtained perpendicular magnetic recording disk was
measured by the AFM in the same manner and it was a smooth surface shape
with Rmax being 4.53nm and Ra being 0.40nm. By forming the spacer layer 8
and the stacked layer 7, the surface roughness Rmax and Ra are improved.
The surface roughness is further improved by increasing the number of cycles
of CoB and Pd of the stacked layer 7. This aiso provides a new effect that
glide characteristics and flying characteristics are improved so that the
thickness of the protective layer can be reduced.

The orientation of the perpendicular magnetic recording layer (the
ferromagnetic laver 5, the spacer layer 8, and the stacked tayer 7 will be
collectively called the perpendicuiar magnetic recording layer and the same
shall apply hereinafter) in the obtained perpendicular magnetic recording disk
was analyzed by the X-ray diffraction method and the c-axis of the hep
(hexagonal close-packed) crystal structure was oriented in a direction
perpendicuiar to the disk surface. Further, the ferromagnetic tayer 5 in the

obtained perpendicular magnetic recording disk was analyzed in detail by the



Conparative 2900 Exanple 1 1.000500 28.0 25.0 15.0 Conparativel. 3882
Exanple 2
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use of a transmission electron microscope (TEM) and it had a granular structure.
Specifically, it was confirmed that grain boundary portions made of Si oxide
were formed between crystal grains of the hep crystal structure containing Co.
it was found from this analysis that the ferromagnetic layer 5 was made of the
magnetic grains of about 8nm and the boundary regions made of the
nanmagnetic bodies of about 2nm.  On the other hand, the stacked layer 7
baing the layer above the ferromagnetic layer 5 having the granular structure
was analyzed in detail by the use of the TEM and it did not have a granular
structure. This represents that the stacked layer 7 has a structure being
substantially continuous magnetically. That is, this represents that the
magnetic grains of the ferromagnetic layer 5 of the granular structure are
magnetically couplad through the stacked layer 7. Itis considered that this
improves the thermal stability.

(Example 2)

A perpendicular magnetic recording disk was obtained in the same
manner as in Example 1 except that the stacked layer 7 in Example 1 was
changed to alternate-layered films of two cycles of CoB and Pd (Example 2).
The total thickness of the stacked layer 7 in the perpendicular magnetic
recording disk of this exampie was 2.4nm. The orientation of a perpendicular
magnetic recording fayer in the obtained perpendicular magnetic recording disk
was analyzed by the X-ray diffraction method and, like in Example 1, the c-axis
of a hep (hexagonal close-packed) crystal structure was oriented in a direction
parpendicular to the disk surface.  Further, a ferromagnetic layer 5 in the
obtained perpendicular magnetic recording disk was analyzed in detail by the
use of the transmission electron microscope (TEM) and it had a granuiar
structure like in Example 1. Specifically, it was confirmed that grain boundary
portions made of Si oxide were formed between crystal grains of the hep crystal

structure containing Co.



0.989100,27.4 24.2 1 21.5 It is understood from Table 1 that,
according to the perpendi cul ar nmagnetic recordi ng di sks of the exanpl es of
this invention, the magneti zation reversal nucleus producing nagnetic field
(Hn) neasured by the polar Kerr |oop tgacer increases by about 100 to 1600
oersteds (0Oe) as conpared with the conventional type perpendicul ar nagnetic
recordi ng disk as shown in Patent 21 Docunent 2 wherein, |ike Conparative
Exanpl e 2, the pgEpangiedl ar magnetic recording |ayer has the |ayered
structure of the ferromagnetic |layer 5, the spacer |ayer 6, and the stacked
layer 7 but the rhgweERECHIIHINEHE ACREI HekwansPlalgAIRING S8Mr Si oxi de.

Furt her, di 1ot i i
oroper {1 o, LSbLI U PIE b BRePt T eee aor e il T e Yasea by 1.5 to

2.1dB i n Exanphgdko aferBalelaybrédimisnf fxasple & CoBwhdid ExampRl3)9dB i n

Exanpl e 3 as conpared wi th Conparative Exanples 1 and 2. Further, S/ N(DC)

i s |argely iTimpragrticlyess cdtectacked Byen’ Bdafpeeendicglal megngdicodB i n Exanpl e
2, and 7.0 to 7.8dB jn _Exanple 3 as.conpared w th. Conparatiyv anples 1
and 2. Furt H‘E‘f‘?i‘&‘ﬁ atsk/ﬁf %SS%W%W%%S@S}T“Q ggBOf‘ﬁm@Oa%laeg Pérﬁ%f% in Exanpl e
2, and 2. Od%é%we@(_?%@}o%g?’ia s m&%m&bmé@@m@g&m R8I Edigk and
inproved by 7.0dB in Exanple 1, 7.2dB in anple 2, and 8.5dB in Exanple 3

as conpar ed wastanaQaap ay Htel X-ayBiiagice Methivb aedvile in Gxaraple dsktc-as measuri ng

error rates under the condjtion ere recordi ng density of .100Ghit/inch2
can be achi él?éd‘?pé??"iaﬁ‘brﬁ%&bﬁ%'ﬁ?g‘@\é}’g]%gﬁ&t% "t P e@fﬁéi’ﬁ%d\%‘g‘oﬁbt ai ned.

oo P CRRFEE S Al ST oL B £ g 0 onelL
| i ke Conpar ajbtaieedrappidciid nente®: recording disk was analyzed in detail by the
use of the transmission electron microscope (TEM) and it had a granular
structure like in Exampte 1. Specifically, it was confirmed that grain boundary
portions made of Si oxide were formed between crystal grains of the hep crystal
structure containing Co.
{Comparative txample 1)
in Example 1, by the use of a hard magnetic target made of CoCrPt and
Si0, (Co:82at%, Cr10at%, Pt16at%, Si0;:12at%), a ferromagnetic layer 5 was
formed to a thickness of 15nm.  Then, on this ferromagnetic layer &, a carbon-
based protective layer 8 and a lubricating layer 9 were formed without forming a
spacer laver 6 and a stacked layer 7. Except this point, a perpendicular
magnetic recording disk was obtained in the same manner as in Example 1.
The surface roughness of the obtained perpendicular magnetic recording disk
was measured by the AFM and it was a surface shape with Rmax being 6.26nm
and Ra being 0.48nm. This is rougher as compared with the foregoing
perpendicular magnetic recording disk formed with the spacer layer 8 and the
stacked laysr 7. Further, the orientation of the ferromagnetic layer 5 in the

obtained perpendicutar magnetic recording disk was anaiyzed by the X-ray



The el ectromagneti c conversion properties were neasured in the foll ow ng
manner. The neasurenent was carried out by the use of a RIVW anal yzer
(DECO) and a magnetic head for a perpendicul ar magnetic recordi ng system
havi ng a SPT el enent on the recordingiside and a GVR el enent on the
reproducing side. In this event, the flying height of the magnetic head was
10nm Measurenent nethods of S/IN(DC), S/IN(MF), and overwite property (O\V)
were as f ol hgwetion method dad\iednciakiatof a hopXiavagona coseipackedpoystay (1F) was
960kfci, SIN(DC) and S/N(MF) were neasured as S/ N ratios. SI,N?TEC%) was

cal cul ated Byugtaesvagiongnizd itasiipstiopmemegrioriapte PRk sUpasRi EWEP" nagneti ¢
recordi ng dium at 24F r.dj 2NSi i : Vi ng

medi um noi s eff?%?ﬂ‘%g C#ergggéﬂ{élg%rb%%g%gj é%p%@ré%lﬁéarﬁgﬁcr %ﬁg@‘@ﬁﬁ mes 1F by
the use of @x5RBSYFdHTh ABRIWICKe uS MM )avasissiah elebrdrechidpyssbpeor di ng a
carrier signal on the perpendicul ar magnetic recording medi um at 2F

recordi ng déREiN gndin8aks granulangiredien: obseaidety eah eTHBIGBa¥F 8 t he DC

frequency range,to the frequency range 1.2 tines 1F t f the
spect rum anipa??ﬂ’p ?’?Sh@?ge f)h%‘ G&‘\*?grv%f{? %WF@%@V?%P {ﬁ%aicﬁzE%Fé\J/gﬁh%y recor di ng
a carrier sihgé]@}ysgpstpmrg%%mgqg&ar magnetic recordi ng medi um at 24F
(40kfci) recordi'ng density, then overwiting a carrier at |IF recording

density (960kfci)(Ccandrathe®xama®ub)i ng a carrier reproduction output at the

o8 5 e P Rt PSR R
stability was. gual Lﬁt@g@)gg, bt & el [:9eEX @Rk Smaa (4 ReniBdbym havi ng the

alternate-layered filns five C es of CoB and Pd as the stacked | ayer
7) and Conpamsaii. vexEaamms poibt, Gtreepamdtiammaigh Buecoldamgsizkoers | ayer 6 and t he
stacked layer 7). The evaluation of the thermal stabili tfy was carried out
by recor di ngbairgdgndie $H"e AENRFETR EXa@PEK! andtHEeREEhF 4 mi ng a

repr oducti on _out put t » £ r ' L cor di ngly,
the. ther i REvaEE] et Bt By P R R o e
signal with bbgdhgRse vafs dniafRed by the X-rayfdiflactor mefodiaag tren-shiowi ng a

rel ati onshi p between an el apsed tine and a ratio to a reproduction out put

i medi at el y fabt(bexagend citisagpackei cosie! stetyreyastaieptedpxafPeP&io8 according to
this invention ar e PI ﬁtéfffd'%y %ggd the results of Conparative Exanple 1
are plotted WYPENIRYALIHTT P4, it is understood that the reproduction
out put weakens asThhglit FRALRPSESertids &M 6BBRIcAbetdtadRBaN@kySetdi sk of
Conparative Exanple 1 being the medium w thout the spacer |ayer 6 and the
st acked | ayemrcddinGrfigikhef tehaantpiasdindiconipgraiive exanpied Werfagvaluséed Bpr oduct i on

output hardl y Weakens I ahd4S ol Rel IS5 Blces ! 3% 14 dnbuls S 5GREL SNt 11
measured by the VSM, wherein the thickness of the stacked layer was changed
by increasing n in the multilayer fim [CoB/PdIn.  Therefore, n=1 (Example 1),
n=2 {Exampie 2), n=5 (Example 3}, and n=0 (Comparative Example 1). On the
other hand, Fig. 2 shows a magnetization reversal nucleus producing magnetic
field (Hn) and a saturation magnetic field (Hs) in an MM curve.  Thatis, the
magnetization reversal nucieus producing magnetic field (Hn) is a numerical
vaiue at 3 point on the axis of abscissas corresponding to a point of intersection
hetween a tangent of a line showing saturation magnetization and a tangent of

an oblique line.  On the other hand, the saturation magnetic field (Hs) is a



23 the case of the magnetic disk of Exanple 3 according to this invention.
Then, AHc was neasured in order to examne as to what caused the

i nprovenent in SN as descri bed above. AHc is a difference between a val ue
of Hat a half position of saturationzoagnetization Ms in a mnor |oop and
a value of Hat a half position of saturation magnetization Ms in a
hysteresis curve. A value standardized by Hc is used as an index for
observi ng dinsperisdi osiueki g peint o thefaxiscd a0écismgetiespquaigrs a Byntiohe use of
the value of AHc/Hc, it is possible to evaluate virtual grain uniformty
and nagnet i GtEISPEIONAf 8YSIBEISS 1AOPt he minor | oop represents a curve
describing a mn - | i N before
saturation. In F?ffg“"!“g%(%ﬁ 'gwg?@g‘wgﬁé@\?fééﬁlé’g T%&rﬁ%@ nggé&%dopt ed from
anong curvegréRpRahedingticese (Hvedcraags whik ithy safiratibmesgnetic field (Hsfig. 5, (a)
and Fig. 5, (b) respectively describe mnor |oops and hysteresis curves of
t he magnet i cledieekesadsdp dihigotessThnipikeass vé exangiee laveand Whe magnetic di sk

accordi ng to_ Exanpl of, this_Jlnvention , r .t h respect
to Conpar at i’%"_e%rﬁ%%ﬁgf“f t%rgﬁisﬁaﬁt ﬁlfi'sg@pé?ve?a&'}g{dg%@@? “%‘g@oﬁéggdm& t he ot her
hand, AHc/ Hos Wclifhidcaspeahink Chxapbhdoufar ShiuMatit Fedohding Byer(tbhav@ser educed to
0.15 and it has been found that the dispersion of coercive force of the

magnet i ¢ gr deyesetsirnuchee pbthededorhyorfetie fvaigd tthe searet @yel dyer tee and t he

stacked layer 7. |t is considered that this _caused the. SN 1o .be, excellent.
Bri ef Descri‘3_;5‘14‘8?‘113(’:‘{?r f‘h ‘%?5%? sde_[cﬁaﬁ‘?s_ ﬁ]n'|5$Wﬁf?%&‘é?ﬁf’lld%r?ﬁ?é)@t?u@nal vi ew
of a perpen%?é&ﬁiz?r{]‘iﬁ Z.t!Tﬁbiéel G BlieBil, SRR HL BlailRicAnes@aedi nent  of

this invention. i's a diagram showi ng a nmagneti zati on reversal
nucl eus pr odiigicngagregoetdperties @nd e(ddpmagrebtia coatarsiat iparperigreétiiec fiel d (Hs)
in an MH curve. [l_:i(ri]. 3] is a diagramof M curves in exanples and a
conpar at i ve RStegfsicelar magnetic recording disks of the respective examples and

comparative examples. Note that Table 1 shows absolute values of Hn values

(minus values) that appear when applying an external magnetic field from a plus

saturation magnetic field 1o a minus direction.

[Table 1]
Ho Hn | OM | SIN(DC) | SIN(MF) |
Table 1 ©e) | MM | oo | @B | (B) (dB)
Example 1 3800 1.000 | 200 29.5 26.0 22.0
Example 2 | 4010 1.000 | 1740 | 34.6 | 281 22.2
Example 3| 3780 | 1.000 1600 | 493 | 320 235
Comparalive | o900 | 1.000 | 500 | 280 | 250 | 150
L__Example 1 ‘
| Comparative | aper | 0989 | 100 | 274 | 242 21.5
Example 2 i

it is undersiood from Table 1 that, according to the perpendicuiar
magnetic recording disks of the examples of this invention, the magnetization
reversal nucieus producing magnetic fisld (Hn) measurad by the polar Kerr loop
tracer increases by about 100 to 1600 cersteds (Oe) as compared with the

conventional type perpendicular magnetic recording disk as shown in Patent



[Fig. 4]

JFig. 6]

I's a diagram showi ng a rel ationship between an el apsed tinme and a
ratio 24 to a reproduction output inmediately after recording. [Fig. 5]
di agranms descri bi ng m nor

S

| oops and hysteresis curves of a nmagnetic disk of
a conparative exanple and a magnetic disk according to this invention.
Is a diagram showi ng a relationship between a coercive force Hc

and a SNR when increasing the anount of Si02. Description of Synbols 1gl ass
substrat e 2amhasie Weyreih, Beofsmpagnet Bxanhsly 1 the perpendicutar magnatic

recording layer has the layered structure of the ferromagnetic layer 5, the
spacer layer 8, and the siacked layer 7 but the magnetic recording layer does
not contain Si or Sioxide. Further, accerding to the measurement of the
electromagnetic conversion properties, the overwrite properties (O/W) are
fargely improved by 1.5 to 2.1dB in Example 1, 8.6 {o 7.2dB in Exampie 2, and
21.3 to 21.9dB in Exampie 3 as compared with Comparative Examples 1 and 2.
Further, S/N(DC) is largely improved by 1.0 to 1.8dB in Example 1, 3.1 10 3.9dB
in Example 2, and 7.0 to 7.8dB in £xample 3 as compared with Comparative
Examples 1 and 2. Further, S/IN(MF) is improved by 0.6dB in Exampie 1,
0.7dB in Example 2, and 2.0dB in Example 3 as compared with Comparative
Example 2 and improved by 7.0dB in Example 1, 7.2dB in Example 2, and
8.5dB in Example 3 as compared with Comparative Example 1. Moreover, as
a result of measuring error rates under the conditions where a recording density
of 100Gbitinch® can be achieved, an improvemeant by about one to two digits
was obtained. This value represents that this invention can achieve a
recording density about two {o three fimes farger than that of the conventional
type mediums like Comparative Exampies 1 and 2.

The electromagnetic conversion properties were measured in the
following manner.
The measurement was carried out by the use of a RMW analyzer (DECO) and a
magnetic head for a perpendicular magnetic recording system having a SPT
alement on the recording side and a GMR element on the reproducing side. In
this event, the flying height of the magnetic head was 10nm.
Measurement methods of S/IN{DC), S/N(MF), and overwrite property (O/W)
were as follows.

Given that a maximum recording density (1F) was 980kfci, S/N(DC) and
SIN(MF) were measured as S/N ratios,  S/N(DC) was calculated by recording



4afirst underl ayer 4bsecond underl ayer 5ferromagnetic |ayer 6spacer |ayer
st acked | ayer 8carbon-based protective |layer 9l ubricating |ayer
10per pendi cul ar magneti c recordi ng di sk
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a carrier signal on the perpendicular magnetic recording medium at 24F
recording density (40kfci) and then observing medium noise from a DC
frequency range to a frequency range 1.2 times 1F by the use of a spectrum
“analyzer. S/N(MF) was calculated by recording a carrier signal on the
perpendicular magnetic recording medium at 2F recording density (480ki{ci) and
then observing medium noise from the DC freguency range to the frequency
range 1.2 times 1F by the use of the spectrum analyzer. Further, the overwrite
property was darived by recording a carrier signal on the parpendicutar
magnetic recording medium at 24F (40kici) recording density, then overwriting a
carrier at 1F recording density (960kfci), and then measuring a carrier |
reproduction output at the original 24F (4Ckfci) recording density and a
remaining reproduction output of a 12F carrier after the 1F overwriting.

Then, the tharmal stability was evaluated with respect io Example 3 (the
medium having the alternate-layered films of five cycles of CoB and Pd as the
stacked layer 7) and Comparative Exampie 1 (the medium without the spacer
layer 6 and the stacked layer 7). The evaiuation of the thermal stability was
carried out by recording a signal on the magnetic disk and then confuming a
reproduction output after the lapse of a predetermined time.  Accordingly, the
thermal stability was evaluated by measuring the decay rate of the signal with
the lapse of time.

Fig. 4 is a diagram showing a relationship between an elapsed time and
a ratio to a reproduction ouiput immediately after recording, wherein the results
of Exampie 3 according to this invention are plotted by © and the results of
Comparative Example 1 are plotted by . As shown in Fig. 4, it is understood
that the reproduction outpuf weakens as the time elapses in the case of the
magnetic disk of Comparative Example 1 being the medium without the spacer
layer 6 and the stacked layer 7.  On the other hand, it is understood that the

reproduction oufput hardly weakens and thus the thermal stability is excellent in



25 CLAI MVs: 1. A perpendicular magnetic recording disk for use in

per pendi cul ar magnetic recording, said perpendicul ar magnetic recording

di sk characterized by conprising a substrate, a soft nmagnetic |ayer of a
material selected froma group consisggng of an Fe-based nmaterial and a
Co- based material on said substrate, a ferromagnetic |ayer on said soft
magnetic | ayer, having a granular structure, and conprising crystal grains
mai nl y nmade t1f caehitie h&metianidk of Bkamble Bnetanyirpastthigmvemidm| y made of Si 02,
and a layer, on said ferromagnetic |ayer, conprising a material selected
from a group consThan Alcoes cresmed taier taopRiinaPic Wigs pessediRfl CoPd3, the

content of Si02 in said. ferro neti c | ayer. bei. eat %.or I 2. A

per pendi cul APPIH N t%gr[\leac,so"’{e(ﬁ‘E‘T!ﬁ%dcﬁbsol\fe‘ac%lg? 8i an%iﬁggn%ﬁ %‘lahr{f']eitﬁrgé{ Weacteri zed
in that a spacef - ay®osiish 6Cdedalidrombgndit ot 10onsh Sliddigopfard £d | ayer and a
Pt layer is provided between said ferromagnetic |ayer and said | ayer

conpri si ng tvaeemiteatisdialioebéer etsaturation magoeizairrcdast shisigrasts ©oGr Pt, CoPt,
CoPd, FePt, CoPt3, and CoPd3. . A et hod of manufacturing a

per pendi cul ef‘r"%ﬁ@?%%di?@g@f 'dF B sgr SR af"‘dgg?dgf@r ?%eﬁ"é?%‘g‘ﬁ%‘?{é’ﬁr‘g nmagnet i c
recording and-nayifo.ak Magﬁéﬂo @mﬁgf e BYNBLIE A%l AT REke i al sel ected
froma group consisting of an Fe-based material and a Co-based material on
as gbst rﬁt S gmﬁsib@ tmgqﬂe&t'ﬁ&gﬂueb@am unfotrafyerndonageid usib:frmitpr?qlc%@&in_c | ayer,
e oo B B e e gesitiae mak R ALReRE 4y e
ferromagneti ek . Qf ur e € kS 0 S bet ween crystal
grai ns cont arﬁ%g#nﬁeég?:i%@é? ? © ?%[g;%%kﬁgé%éér#@ént %oﬁgﬁéé)gﬂgg:@nsnggi d

f err omagnet i gyetaedihed aicgiobRidgionoamong eurvas thpgastiycieadridealyepluraii®6 on said
ferromagnetic |ayer, conprising a material selected froma group consisting
of CoCrPt, GHHiMesCoPd, FePt, CoPt3, and CoPds, forming said ferromagnetic

| ayer on said soft. magneti ¢l ] ri i gas at nosphere
and then form ng Egging @fs‘&ﬂi@a%3@%&%%@3%‘@?%@9’3 %?@P%ﬁ%@el ected fromthe
group consi SiystGedié cGRbd Hithe FREHeticEidacchrftlg to @t FhratR s Gafd1 by
sputtering in an argon gas atnobsphere at a gas pressure |lower than a gas
pressur e useghdihemdoetid digk seiodifeior oreayhe b iof thistipegntion.  AHc/Hc was

chserved with respect to Comparative Example 1 shown in Fig. &, (a) and it was

0.26. On the other hand, AHc/He with respect o Example 3 shown in Fig. &,

(b) was reduced to 0.15 and it has been found that the dispersion of coercive

force of the magnetic grains can be reduced by forming the spacer layer € and

the stacked layer 7. 1t is considered that this caused the SN fo be excellent.

Brief Description of the Drawings

[Fig. 1] is an exemplary sectional view of a perpendicutar magnetic recording
disk according io one embodiment of this invention.

[Fig. 21is a diagram showing a magnetization reversal nucleus producing
magnetic field {Hn) and a saturation magnetic field (Hs) in an MH curve.
[Fig. 3] is a diagram of MH curves in exampies and a comparative example.

[Fig. 4] is a diagram showing a refationship between an elapsed time and a rafio



27 PERPENDI CULAR MAGNETI C RECORDI NG DI SK AND MANUFACTURI NG METHOD THEREOF
ABSTRACT To provide a perpendi cul ar magnetic recording di sk that can
contribute to increasing the recording density by inproving the S/INratio
in high density recording wthout caug&ng an increase in DC noise,
degradation in thermal stability, and degradation in recording capability,
and a net hod of manufacturing such a disk. A magnetic disk 10 for
use in per pengispabducticmoueit ionreaatsldaie reasrday. | east a magneti c recordi ng

| ayer on a substrate 1. The nmagnetic, recordi n% | ayer is ?og{)osed of a

f er r omagnet 091 Byediegaps desyPARUNERT SPPHRPEMESREAR SHIERGT 3MA% B8 (Si) or an

oxi de of siljcaon (S t I L.NS: ~(Co), a

st acked Iayng%?fﬁ e?nkargg\’éfl\l&?a&&% é@e?%%ﬁ? g?ﬁﬁsﬁg%og%gé %bgt P %g@g?[oé Co all oy
and a secongri 3eJ 3 eRRkA Bhdtandatdiastingib HRe)ed a pleativaiome Pt hnd and a spacer
| ayer 6 interposed between the ferromagnetic |ayer 5 and the stacked |ayer
7. After folMFhghehiacfeerinefeggeedcof 8ker 5 on the substrate 1 by sputtering
in an argon gas atnosphere, the stacked layer 7 is formed by sputtering in
the argon gas atnosphere at a gas pressure |ower than that used when

forming the JRERAMRIRS HEokayer 5. Fig. 1

1 glass subsirate

2 adhesion layar

3 soft magnetic layer

43 first underiayer

4b second underiayer

5 ferromagnetic layer

6 spacer layer

7 stacked layer

8 carbon-based protective layer
9 jubricating layer

10 nerpendicular magnetic recording disk
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CLAIMS:
1. A perpendicular magnefic recording disk for use in perpendicuiar
magnetic recording, said perpendicular magnetic recording disk characterized
by comprising a substrate, a soft magnetic ayer of a material selecled from a
group consisting of an Fe-based material and a Co-based material on said
substrate, a ferromagnetic layer on said soft magnetic layer, having a granular
structure, and comprising crystal grains mainty made of cobalt (Co) and grain
boundary portions mainly made of Si04, and a layer, on said ferromagnetic
layer, comprising a material selected from a group consisting of CoCrPt, CoPt,

CoPd, FePt, CoPts, and CoPds, the content of SiO- in said ferromagnetic layer

being 8at% or more.

2. A perpendicular magnetic recording disk according to claim 1,
characierized in that a spacer layer selected from a group consisting of a Pd
layer and a Pt layer is provided between said ferromagnetic layer and said layer
comprising the material selected from the group consisting of CoCrPt, CoPt,

CoPd, FePt, CoPty, and CoPds.

3. A method of manufacturing a perpendicular magnetic recording disk for
use in perpendicular magnetic recording and having at least a soft magnetic
layer of a material selected from a group consisting of an Fe-based material and
a Co-based material on a subsirate and a magnetic recording layer on said soft
magnetic layer, said meathod characterized by,

in a step of forming said magnetic recording laysr comprising,
on said soft magnetic layer, a ferromagnetic layer of a granular structure
comprising SiO; between crystal grains containing cobalt (Co), the content of

the SiOy in said ferromagnetic layer being 8at% or more, and a stacked layer,
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on said ferromagnetic layer, comprising a material selected from a group
consisting of CoCrPt, CoPt, CoPd, FePt, CoPts, and CoPda, forming said
ferromagnetic layer on said soft magnetic layer by sputiering in an argon gas
atmosphere and then forming said stacked layer comprising a material selected
from the group consisting of CoCrPt, CoPt, CoPd, FePt, CoPts, and CoPds by
sputtering in an argon gas atmoesphere at a gas pressure lower than a gas

pressure used when forming said ferromagnetic layer.



