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DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
AND PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
5MANUFACTURI NG METHOD Techni cal Field [0001] This
invention relates to a perpendi cul ar nmagnetic
recordi ng nmedi um 10 adapted to be nmounted in a HDD
(hard disk drive) or the |like and to a nethod of
manuf act uri ng the perpendi cul ar magneti c recordi ng

medi um Background Art bg%‘ﬁéﬁri ous information
recordi ng techni ques hav e vel oped foll ow ng

the increase in volune of information processing in
recent years. Particularly, the recording density of

HDDs UPERPENE|ICBIAR MAGNEPIFIRET GRONGAUEDIGH RRBN
increasing nore and nore. In order to achieve the

hi gh r ecCBERRENDHIISLAR MAGNEFHINRECORDMNGIMEDUSE! i N
a HDD or the like, it is necessary 20 to reduce the
size of magnetic AMABRBIAQrARMNGTMERHID a mai n
recording |layer serving to record information
signals, and further, to reduce the thickness of the

| ayer. F ver, in the case of conventionally
“%%%W%ﬂgﬁg i zed magnetic disks of the in-plane

nagnsbb@11ecording type (also called the |ongitudina

magnet ecording type or the horizontal magnetic

r ecorﬁ%iggn\yé’rﬁ&' refiite€td ‘ﬁ?}‘é%erﬁficﬁl?rﬁn%@h%ﬁé’?%éo?@igigr}gedium

si ze of ‘magnetic Crys gr'ai ns, er f1s

aﬁméé‘% fd th@r:it@E'infd H@%@r@eis@?tﬁ%p'gpﬁgb WRLERd ¥'8 method of

ermal stability of recorded signa

manufacturing the perpendicular magnetic recording medium.

Background Art

[0002]

Various information recording techniques have been developed
following the increase in volume of information processing in recent years.
Particularly, the recording density of HDDs using the magnetic recording
technique has been increasing more and more. In order to achieve the high
recording density in a magnetic disk for use in a HDD or the like, it is necessary
to reduce the size of magnetic crystal grains forming a main recording layer
serving to record information signals, and further, to reduce the thickness of the
layer. However, in the case of conventionally commercialized magnetic disks
of the in-plane magnetic recording type (also called the longitudinal magnetic
recording type or the horizontal magnetic recording type), as a result of the
reduction in size of magnetic crystal grains, there has arisen a so-called thermal
fluctuation phenomenon where the thermal stability of recorded signals is
degraded due to superparamagnetism so that the recorded signals are lost,

which has thus become an impeding factor for the increase in recording density
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degraded due to superparanmagneti smso that the
recorded signals are |ost, which has thus becone an

i npedi ng factor for the increase in recording density
2 of the magnetic disks. [0003] Particularly in
recent years, the informatiom recording capacity
exceedi ng 120GB has been required per, for exanple,
2.5-inch HDD magnetic 5disk. In order to achi eve such

i nf or At i recordi ng capacity, the information
°f@€8?8§ﬂ§ﬁa8ﬁg?ty exceedi ng 200Ghit/inch2 is
requi ~1l N order to achieve such an information
]
recording density, there have been proposed nagnetic

di skspgficuigyRarreessi fadrar theBsRehkion REIEindLdpgety
I nstead of the above-nentioned in-plane nmagnetic

exes3iny NA0GROeas bBEAVSGlired per, for dxaniple, Z.8sacloHDM enagnetic
per pendi cul ar magnetic recordi ng type, as different

diskonin beler ds ecbieverrichrarpinforenategret o ing capatiitygthe
_type, the easy magnetization axis of a,min recording
infeiyrationsrega)ding s¢nsity prceadies2eaGhi/inchiiis sequited. In order to
perpendi cul ar to a surface of a substrate, thereby
aﬁ*ﬂ'@\é‘% SHERH @ndﬂfoé'&'@tl'f)n ISC‘PfﬁﬁlQe‘#?riSétlyi HeEe PAYALLSB n{@posed
each. .ot her. conpared with the in-plane magnetic
TRogG i Re PR LraHROlPts MReBEEIuPs BRgred gthe
> ) [ tuati on phenonmenon
abffe pilionbB Bt B BbPHs oI e ebor di ng
densil't@OM[ 0005] 20In order to obtain high thernal
stability and excellent recording characteristics in

such ragBeeldse ofitBK pepderidiculBEMRORES RIdIBANSE £ different
recording type, there have been proposed conposite

fromathe, casealf the irtpEEe peaynetidreiokding tysh, the €asy magnetization
Non- Pat ent Docunent 1), a stacked nedium (e.g.

akie of Banamt reDouling faye? )is adpdtedl 10ape adentechin @ ¢jrection
p(la\lr%ghsgu?anrtto goguur?aecné ofsg ’sug)gtrate, thereby preventing adjacent
magnetizations from facing each other. As compared with the in-plane
magnetic recording type, the perpendicular magnetic recording type can
suppress the thermal fluctuation phenomenon and thus is suitable for increasing
the recording density.

[0005]

fn order to obtain high thermal stability and excellent recording
characteristics in such magnetic disks of the perpendicular magnetic recording
type, there have been proposed composite media, such as a CGC
perpendicular medium (e.g. Non-Patent Document 1)}, a stacked medium (e.g.
Non-Patent Document 2), and a Cap medium (e.g. Non-Patent Document 3), in
which a recording layer is formed by two or more layers.
Non-Patent Document 1: Y. Sonobe et al., IEEE Trans. Magn, vol. 37,

1667-1670 (2001)

Non-Patent Document 2: B.N. Piramanayagam, et. al., I[EEE Trans. Magn,
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25 which a recording layer is formed by two-or nore

| ayers. Non-Patent Docunent 1: Y. Sonobe et al., |EEE
Trans. Magn, vol. 37, 1667-1670 (2001) Non- Pat ent
Docunment 2: B.N. Piramanayagam et. al., |EEE Trans.
Magn, 3 vol. 41, 3190-3192 (2005) Non- Pat ent
Docunent 3: B. A Acharya, et. al., |EEE Trans. Magn,
vol . 41, 3145-3147 (2005) 5Di sclosure of the

I nvention Probl em tgobhet1Sgheed1ap (ng5} nvent i on
[ 0006] Also in the case of the perpendicul ar

Noaegffatent Doeooredit 3g  iBedi Achandyat be ape B dirand. dagn, vol. 41,
magneti c recording type, like in the case of the

i n-pl ane magnetic 16146ei1diM@EO0MSYi um the increase in
recording density of the magnetic disk is mainly

based on whether or not the noise in a nmagnetization

t i ti [ f [ di | ayer can be

Djsiitt O heeMGRtPRer or not the SIN ratio (S gnal 10
' ' [ d. For reducing suc

Pﬁ%%%@ﬁ??%%séwgﬁﬁaﬁgﬁhﬂgﬁaﬁgbion noi se, neasures are

consiq@@bg to inprove the crystal orientation of the
15 main recording layer, to magnetically isolate

cryst Alsodh %ﬁé‘éasé‘%@tH@péﬁf@h@%Lﬂﬁ%ﬁéﬂéﬁ@ecgfrcﬂhg nﬁ’%&iﬁm of the

and the magni tude of magnetic interaction. a

pémeadidafartroagmsticcaserding tyms ikeinthaleass bythefintdigne magnetic
medium it is desirable to equalize and reduce the

recoydinaimeytiamn the ineréase inaecaiding deosity olgtheayegnatiddisk is
further, to provide a segregated state where _
maidy basediPniveipiber er pel/ibeancige il asnagnetizatior triaoaitiop region of
a main recording layer can be reduced, i.e. whether or not the S/N ratio (Signal
to Noise ratio) can be improved. For reducing such magnetization transition
region noise, measures are considered to improve the crystal orientation of the
main recording layer, to magnetically isolate crystal grains, and to reduce the
crystal grain size and the magnitude of magnetic interaction. That is, in order
to increase the recording density of the medium, it is desirable to equalize and
reduce the crystal grain size in the main recording layer and, further, to provide
a'segregated state where individual magnetic crystal grains are magnetically
separated and thus the magnetic interaction is small.

[0007]

The reduction in crystal grain size and the decrease in magnetic
interaction described above are achieved using a two-layer structure of a
granular layer as the main recording layer and a continuous layer.

CoCrPt-SiO; or CoCrPt-TiOs is used as the main recording layer. This aims to
reduce the magnetic grain size by a high-Ar sputtering process and,

simultaneously, to segregate SiO» or TiO» at the grain boundaries to thereby

reduce the magnetic interaction between the magnetic grains of the main



20separated and thus the nmagnetic interaction is

smal | . [0007] The reduction in crystal grain
size and the decrease in nmagnetic interaction

descri bed above are achieved ysing a two-Iayer
structure of a granular layer as the main recording

| ayer and a continuous |ayer. 25CoCrPt-Si 02 or

Cb%%ﬁt-TiOZ is used as the nmain_recording layer. This
BCREING aYeHucHE? HECRRRSRT0gcaiTiP spo@epytad Al g-ospin
eousl fo se

S e Rl AT A Sl
RGBS Sy KPR 500, BT Oy IO

grai ns” of

A T regated at the grain boundaries
r%{:?rgé%d hse[tyérys?)g%eggai n size and the magni tude of
t he rrq@mg}i c interaction. Therefore, by increasing
Si02 or Ti02, the SINratio in high recording density
IS | morowedthEPABBY, the thermal SabitityearRt el edxness &Meriting are
thermal stability and the easiness of witing are
impprveddy/ ingrdasimeetiss thgeknre stdfitiek carsmuaistiinger to slightly increase
continuous layer to slightly increase the nmagnetic
thetragaetic oneastiondeyehamgsuatoubbtbetencn thiee meEgreticgrains of the
grains of the main recording |ayer. The continuous .
May epcqrding lawetn fiihapertindausdayerieadhim g (aaydiayy recording

r .and adapted to

2 Ry am S e ol P 200 Sl 2,
B A RN TN AT A

nucl ea
oS3 S, AR BEPE Ryt een,

rdedPhRte, AndARET NIt PrertiBe | Akghe écﬂhﬂmu%u%ggﬁ?@ﬁ LiSe can be

recordi ng medi um havi ng such a structure, t ,
mexiehsnie skanpiée NG GoT it e T dT PR §iin bR ehdrpgn et inCthe magnetic
grains of the magnetic |layer through the continuous
rdcayding nedieneiaving stich 4 stredtnes shotxtchengeotduplingus given
| ayer is increased, there arises a problemthat the
betwaer theimagmefic amieascttha oagaktc iayeditiiftughl thetaontinuous layer.

i nprove the track density. [0009] | Enbodi ment s
Hevevee ibe daiskness ehthegs bt daver inbseased. deeieanings a

i um havin rei nfarcing | ayer  be n.a nmain
oBBEE Bt MpeR HRame b S L TG aaTpve dhe track
dé?%?tgi ble to inprove the SIN ratio of the magnetic

recordi ng nmediumand to reduce the wite fringing by

t he qgwog]onfi guration. 5 [0010]

Embodiments of the present invention provide a magnetic recording
medium having a reinforcing layer between a main recording layer and a
continuous layer so that it is possible fo improve the S/N ratio of the magnetic

recording medium and to reduce the write fringing by the new configuration.

Means for Solving the Problem



According to an aspect of this invention, there is

provi ded a perpendi cul ar magneti c recordi ng nmedi um
conprising, over a substrate, a main recording |ayer
having a granul ar structure n which magnetic grains

are grown in a columar shape, a continuous |ayer
magnetically continuous in an in-plane direction, and

a rei@@ﬂﬁcing | ayer that enhances nagnetic coupling

bet ween the main recording | ayer and the continuous

| ayer, wherein the reinforcing |ayer has a granul ar
structure and a saturation magnetization Ms of the

rei Aceding td ayeispkst &t talkeihvétam, megréwFﬂi\ﬂidw a perpendicular
magneti zatjon Ms of the nain recording |ayer. Herein,
mﬁagetwaﬁeﬁowé&amdﬂﬁn CRYENiSINgh 8vele? SHbFLEALRR MBjR FeCoifiRg layer
" . “ ] Lot

S R UapSFubEHT Ty TP S e rh e Ly P 2 €umnar
shapgnacontityas Ingeronagmeiioady ehotinioug in apdn-pianesditgdtion, and a

08Ok 1 LSRN E s, B tocoran

layesi afdrtbe ngntiayeus ilayar e adeseinHiveersdnforome tayidhehas a granular

at ur ati,on netization t reinfarcing |l aye
R Shi paton arsue RalSn Bls B 6 kg )y 1< Hiher than
a BERratfor FRigPeEgattih M of Ihe kngimsrRbrdif® 18RI &I Ghe main
| ayer increases so that the wite fringing (erase )
reGRTEing) layei: ey siaforcimg fayesr and theeCqnditupes Ryer ey ey fggmed in

' gnetic recording nmediumis
| thkrtﬁdé}ed\%?‘ﬂf’éoﬁ%ﬁ?lratéfa

I npr oved. The saturation magneti zati on
of the reinforcing layer is enhanced by the granul ar
structure. By formng, for exanple, a Co-Ti02 film as
the reinforcing layer, high saturation magnetization

can B0Hdhi eved. [0013] The saturation
magneti zation Ms of the reinforgcing |ayer, na | so .be
hi ghdVneiniie sHErton TRENEBRRIHLITT Ity Bt yerds smaller
Th atyrati on magneti.zati on of i [
gl et et el ECTRng gt J b EGH CThenof SR rp@¥ as the
nOsSsi b ' r y t i i
Bt R SRR B 306 e Bt Rchhep il e ation
maAhABARGH RRAGS tjh?\é rlé;]rﬁer&ﬁgué%r%sehrghegtﬁaiﬁﬁha%vm@tmam
gneti zation of the reihforcing’l ayer to be
redtHg Moby tHe BEST istiranolbose thé thibendm of theceinfirogg layer
| ayer” and the continuous |ayer. [0015] The
indrBasHNEs thanfthd heite diimding ¢ napd aigéh) deyedsesbnhharefore, the
|l ess, preferably 2nmor |less. The reinfprcing'layer
rediediomedersity tof the pegERdiollrowagpatic segerdignaegium is improved.
However, if the thickness exceeds a predeterm ned
val u)01tdle BER decreases as in the case where the
saturation magneti zatjon

is I.ow Therefore, .b

T ThRG AWTOR rop s oo dbF Hl EBoyarerds Fanagged by the

BER can bhe maintained. I0016 The. t hj -
I L C TR Oy S oo Opduh BB Feforcing
B B R o R e Tarer doscr i bed

abovgypfyt al so the thickness of the continuous

| ayer. By also limting the continuous |ayer as _

descrhbegtabavye mayssidsion BERT thardefonsngtajienedyraise be

stably. [0017]
higher than that of the continuous layer.

[0014]



The reinforcing | ayer may be such that a nonmagnetic
substance is segregated between magnetic grains
containing at least Co. Using Co, it is possible to
easi |y obtain high saturati o nagnetization Ms. The
reinforcing layer is required to have a hcp crystal
structure and it is possible to alternatively use

CoFe,., CoNi r the 0 . . The
el nTBF ciyaPay cPaansyEEor, 80 1Bt eloreips, la" Brybe i to be
rélatively? Bigh. Tihiesefbie, DeRapesilsie o eobaain ddtde BER by not setting the
segregat ed around magneti c ralns formed by 'ﬁe i

Y Bigh and by

S?@F@ﬂ%‘r@?ﬁ”%@ﬁ@%@? &e C%Pttﬁ‘t“'QHEI gyerde Pﬁd{’lﬂeéeﬁﬁi’(ﬁ
sgt@fng ?hé Qéﬁ?ﬁlon hag@k3lion of the reﬂfBﬁ:zrﬁg?la?fano%é‘%léM higher

be such that a nonmagnetic substance is
tfm@heg%péﬂ%bmmemﬂ&mﬂeﬁ@@ tiergprdipheus leyRy at
| east CoCrPt. This makes it possible to obtain high
saturation magnetization Ms and to inprove the SIN
rati 0. For obtaining high saturation magnetization,
|5[88:H$Lerabl e that the ratio of Cr contained in
the r rcing layer be smaller than that of Cr

cont : i . 0 20]
o RSB PEREOLA B! AAFEe $0%8PLses, appipravny
) s [ 3 :
A el kb s v
thiokhes@ctHewebyr, ﬁﬂ”tﬂe%i&khéé@éﬁcée%ﬁéeé Védéﬂ@#ﬁmé@@ﬁﬁ]é"%e BER
the S/IN ratio. [0021] P hi ckness of
daceeadas @s ingtHeayese Wwheps &fe%aibfatldmnﬂaghﬁﬁzairod |§$§wt h”ﬂherefore,
of the continuous layer. This makes It possible to
bypiroipeg Itye Shitkness ae deagited above, exaclerBBR dahebe maintained.
conti nuous |l ayer. [0022] Accordi ng to anot her
aspec[@ob@} this invention, t'here i s provided a

perp uI ar etic recor medi um conpri si ng
over B%?‘ﬁé?é’gn'ée RENtD i hgay Beet OHBA s sa PBreferably

AN TR G R TG A o
.aycé?rlﬁa'SEHBé?& alb%)ésr élsg e {?ﬁcl@r{bs%c&f tﬂ%} cBRtm ous layer. By also

exchange- coupl e e magneti c grains to eac

linfiely the' (%rﬁfrﬂfo@'sﬁg¥éraé’§8e§d?ﬂ§edem %%c%ﬂ;ﬁnliftclag be

coupl ing between the main recordlng l'ayer

mantinatleisse lsttsty., wherein the reinforcing layer has a
granul ar structure and a saturation magneti zation M
of tfE¥®H%Ainforcing |layer is higher than a saturation
magneti zation Ms of the main recording |ayer. [0023]
Accor Bermginforchithmyeagpche efich that 2 nonmagnetic substance is

segregated between magnetic grains containing at least Co. Using Co, it is
possible to easily obtain high saturation magnetization Ms. The reinforcing
fayer ié required to have a hcp crystal structure and it is possible to alternatively
use CoFe, CoNi, or the like.

[0018]

The reinforcing layer may be one of Co-TiO,, Co-SiO,, and Co-Cry0s.
This Is because since an oxide is segregated around magnetic grains formed by

Co to form grain boundaries, a granular structure made of Co is formed.



8 this invention, there is provided a nethod of

manuf acturing a perpendi cul ar nmagneti c recordi ng
medi um having at | east a main recording | ayer, a
reinforcing layer, and a cont{nuous layer in this

order over a substrate, conprising: form ng,

as the main recording |ayer, a ferromagnetic |ayer

W th gpmrgnul ar structure in which a nonmagnetic
substance’i s segregated between nagnetic grains

cont aiThNnginkdrclreasl/cf A3l Be 668N that a nonmagh&idduikta®e is
the reinforcing layer, a ferromagnetic layer with a
sguayaied betwastt nvagnietic whaich cantemnggnéta st Gaddt anThis makes
is se?regated bet ween magneti c grains containing at
itIpsssible whabtain Mgh sdutdiat raagattinadithdis magrietimpatieothe S/N
Ms of the reinforcing layer is higher than a )
rafigr urkar ok inegnioh Aafiretonenagnatizatingi ihis piederabligthat the ratio

er;, and . . formng the continuous | ayer so as .

ot §Y itk s reea ABLSST Al PP Y Cr contained i
tﬁg rect}onkﬁéog%é% The above-nenti oned

coﬁfﬁhéﬁ?& # pl anati on thereof based on the
techngﬁgb]idea of the perpendicul ar magnetic

recordi ng  medi um can al so be applied to a nethod of

manuf g ' ' j
e Wik h@ r@%rf&%m?ﬁ{ %ﬁrlei[a{js OL'%%?&}%H}M MHeRELIbP@ss that

medi um Effect of the | nve

ofAReahdinnecbriivdRA&reThs rAbkas MaMReHIE td 86894Ed e magnetic
medi um of this invention, a reinforcing layer is

inperaeiicredy bied verihwoumlianer etibodi rglucethea®t aitio.
continuous layer so that it is possible to inprove
the JOMZ2ihti o of the magnetic recordi ng nmedium and to
reduce the wite fringing by the new configuration.
Ther efitg thicknessofdbs spibfaciig ByRr Bvreeralvtong time or less that

i mprovenent jn recording density, 9 [0026 ) )
Oﬁiﬁg contindoys er i ohaie e ERARSHRE fqnércsqeﬂ]u&hﬁ@te the mpgnetic

. perpendi cul ar netic recordi ng nmedi um

m%ra&t% ?%H%\e W'ﬁaﬂmsslﬂéﬁ%ng nmeasur ed val ues of the
recorgbgg] track 5 wdth and BER with respect to
chang'[e rm filmthickness. -

‘According fo ancther aspect of this invention, there is providéd a
perpendicutar magnetic recording medium comprising, over a substrate, a main
recording layer having a granuiar structure in which a nonmagnetic substance is
segregated between columnar magnetic grains, a continuous layer for giving an
action to exchange-couple the magnetic grains to each other, and a reinforcing
layer that enhances magnetic coupling between the main recording layer and the
continuous layer, wherein the reinforcing layer has a granular structure and a
saturation magnetization Ms of the reinforcing layer is higher than a saturation

magnetization Ms of the main recording layer.

[0023]

According to other aspect of



Fig. 3 is a diagramshow ng change in BER with
respect to the recording track w dth. Fig. 4
is a diagram showi ng the rel ationship between the
filmthickness and the normaligzed wite fringing
amount . 10Fig. 5 shows the relationship between the
thi ckness of a reinforcing |ayer and the nornmalized

R0 YR BF G P ONelS et T B or B ngasbinine peoaslcular
i A A AT
i?%@%ﬂ?%ﬁ%&@u@@g%%ﬂg tlhig%eraerlgvdérr% snljbosrt%tg,gcérfa}gﬁsr,iﬂg:

forming, as the main recording layer, a ferromagnetic fayer with a
granular structure in which a nonmagnetic substance is segregated between
magnetic grains containing at least cobalt (Co);

forming, as the reinforcing layer, a ferromagnetic layer with a granular
structure in which a nonmagnetic substance is segregated between magnetic
grains containing at least cobalt (Co) so that a saturation magnetization Ms of
the reinforcing layer is higher than a saturation magnetization Ms of the main
recording layer; and

forming the continuous layer so as to be magnetically continuous in an

“in-plane direction.

[0024]

The above-mentioned components and explanation thereof based on
the technical idea of the perpendicular magnetic recording medium can also be

applied to a method of manufacturing such a perpendicular magnetic recording

medium.

Effect of the Invention

[0025]

According to embodiments of a magnetic recording medium of this
invention, a reinforcing layer is provided between a main recording layer and a
continuous layer so that it is possible to improve the S/N ratio of the magnetic
recording medium and to reduce the write fringing by the new configuration.
Therefore, it is possible to achieve a further improvement in recording density.

Brief Description of the Drawings



10

15

20

25

25128medi um protective [ ayer 130l ubricating | ayer
Best Mode for Carrying Qut the Invention 10 [0028]
Her ei nbel ow, a preferred enbodi nent of this invention
will be described in detail with reference to the
acconpanying draw ngs. In thigs specification and the
drawi ngs, the sane synbols are assigned to conponents
havi ng 5substantially the same functions and
Strucﬁﬂfﬁi’ thereby omtting redundant descri ption.

[ 0029 @ gneti c Recording Medium 100) Fig. 1 is a

. Loy . .
oo e BRP VP DBy oy 36 W5 WSl & pggpendiutar
%Ei@iré‘&)rﬁﬁwgrweai bodi ment. The magnetic recording
n

ium 100 c be formed by a substrate (disk

subst Ft ©)is Blflagin 8AB&FPechadrid vdldes af ﬂn@frbcordingltrack
magnetic | ayer 114, an orientation control |ayer 116,

witith andeB ERyeith ddspechiv cnarle ihdearthitRAesa mai n
recording |layer 122, a reinforcing |ayer (pinning
| ayerfigl 24s axdiagratm showind ehangelipd ER withdiesgect to the
protective |ayer 128, 15and a lubricating [ayer 130.
recording track width.
Fig. 4 is a diagram showing the relationship between the film thickness
and the normalized write fringing amount.
Fig. 5 shows the relationship between the thickness of a reinforcing

layer and the normalized write fringing amount.

Description of Symbols
[0027]
100 perpendicutar magnetic recording medium
110 disk substrate
112 adhesive layer
114 soft magnetic layer
116 orientation control layer
118 underlayer
120 onset layer
122 main recording layer
124 reinforcing layer
126 continuous layer
128 medium protective layer

130 fubricating layer

Best Mode for Carrying Out the Invention
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[0030] First, an anorphous alumnosilicate glass is
nol ded into a di sk shape by direct press, thereby
produci ng a glass disk. This glass disk is ground,
pol i shed, and chemi cally strengthened in sequence,

t hereby obtaining the 20snmoofd nonmagneti c substrate
(hereinafter referred to as a "di sk substrate") 110
in the formof a chemcally strengthened gl ass di sk.
Sinceﬁgg%fthness and high rigidity are obtained, the
al um icate glass makes it possible to stably

red Ucﬁe@ﬁb«%aﬁ gg{r%ﬁ%@%ﬁlggﬂ @?&{{{tio‘f 't’t%ni?ﬁr{n)séntggﬁ v&ig?{)igr}gagcribed

hei gh a mgn er, 0SSl

irCdal Withi 1eferbhéé % the %&nﬁﬁém BraWin é‘,enﬂnctf\‘rlé %%(?céﬁcation

i
25strengt hening the alum nosi’licate grass.

afy & dradviiRgslithk sainddBYabolisSarel f¥sigeeanilcomforghts hBeng
surface roughness of a nmain surface of the disk

sishdtantizilyethé Banvafuntbiansiaad shyuchmed\Rve(edyosmittifgprezindant
m croscope) and it was a snooth surface shape with
deparption. 4. 8nm and Ra of 0.42nm Rmax and Ra 11
foll ow Japanese I ndustrial Standard (JIS). [0031]
Usi ngl0849%vacuated filmform ng apparatus, the |ayers

T A I

b 110 i AL h b
oo 6 1 A B AL L
Bl Pl SR o3RI TBEERALACT 1 agnonc

rd®FdiAY médlukf1O® cah bedBARbY ke Qlibstité disk Slibsfrate) 110, an
formation, it is also preferable to use a

adheuiletayal a1 2f 4 oitheadgRdaie lappatat, 4s. orldetsticided vl 1dyee 116,
structures and 10manutfacturing nethods of the

an esgedayearel 18aparanset ldyebd 20ea enaibedcording layer 122, a reinforcing

layer (pinning layer) 124, a continuous layer 126, a medium protective layer 128,

and a lubricating layer 130.

[0030]

First, an amorphous aluminosilicate glass is molded into a disk shape
by direct press, thereby producing a glass disk. This glass disk is ground,
polished, and chemically strengthened in sequence, thereby obtaining the
smooth nonmagnetic substrate (hereinafter referred to as a "disk substrate™)
110 in the form of a chemically strengthened glass disk. Since smoothness
and high rigidity are obtained, the aluminosilicate glass makes it possible to
stably reduce the magnetic spacing, particulary the flying height of a magnetic
head. Further, it is possibie to obtain high rigidity and strength by chemically
strengthening the aluminosilicate glass. In this event, the disk diameter is, for
example, 65mm. The surface roughness of a main surface of the disk

substrate 110 was measured by an AFM (atomic force microscope) and it was a

smooth surface shape with Rmax of 4.8nm and Ra of 0.42nm. Rmax and Ra
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[0032] The adhesive |layer 112 is forned using a
Ti-alloy target so as to be a Ti-alloy layer of | Onm
By form ng the adhesive |ayer 112, the adhesion

bet ween the di sk substrate 110 and the soft nagnetic
| ayer 114 can be 15 inprovedqfnd, therefore, it is
possi ble to prevent stripping of the soft magnetic

| ayer 114. As a material of the adhesive |layer 112,

e be e_.af r,.e e, a Ti-containing
f‘ﬂ%f“’eﬁaén.es?qa‘glé?tﬁ@r %fpngﬁgifﬂ@iu use, the thickness of
t he aﬁyogaﬁrve | ayer is preferably set to Inmto 50nm

[ 0033 he soft magnetic layer 114 is forned by

| Nt er paipignsh ay é@ﬁf@@'ﬁﬁﬁgﬁn%ﬁg%%gﬁ M@ﬁhé%ﬁkr@?ﬁo‘f‘ﬁ% a

first sofgt magnetic | ay a second sof

alBENes Ik 3y o I eostihdsustiaydaves AfeGormed in sequence on the
(antiferro-nmagnetic exchange coupling). Wth this

obainfddydisR stbstrateatieini srahr aimelphecd bersDOf mhhretsod tputtering
magnetic | ayer 114 can be aligned along a nmagnetic
mﬁlwﬂ (ﬂn@@mm the miedaumn pyotwbti\re laiygh 128 ¢utcaingdday @ Siviaimethod.
possi bl e to reduce noi se generated fromthe

Taeﬁaﬁﬁﬁghedubﬂqaayeﬂa&lem Eébléégré@ed ke agéip seating method. In

(oSS RaP I, O W BB Tao | ESp Praferalif fo use a

S'r‘g%wa%ﬂ@“ §F%bé§%£%?3%%36#%§5@§%& e SR EHdsand

n%ﬁﬂfe?crturjl ethc;(?s %‘I#ﬁ% o§ &il\/{%ﬁ%&%@%ﬂ@e és%pﬁéon of

e orl |on control Payer has a unc
pr ot embp,g? the soft magnetic layer 114 and a function
of facilitating alignment of the orientation of

ScrysTiae aghasing |9fertng |Qm@iﬂﬁécﬁuﬁh?h1ﬁ -alibyarget so as to be a

orientation control layer 116 is formed using N Wor
TiNalicy [hgeni ofgl Cnrh.c c Bgtforoingribe adhesive layer 112, the adhesion
between the disk substrate 110 and the soft magnetic layer 114 can be
improved and, therefore, it is possible to prevent stripping of the soft magnetic
layer 114. As a material of the adhesive layer 112, use may be made of, for
example, a Ti-containing material. [n terms of practical use, the thickness of
the adhesive layer is preferably set to 1nm to 50nm.

[0033]

The soft magnetic layer 114 is formed by interposing a nonmagnetic
spacer layer 114b between a first soft magnetic layer 114a and a second soft
magnetic layer 114c so as to have AFC (antiferro-magnetic exchange coupling).
With this configuration, magnetization directions of the soft magnetic layer 114
can be aligned along a magnetic path (magnetic circuit) with high accuracy so
that it is possible to reduce noise generated from the soft magnetic layer 114
because the perpendicular component of magnetization is extremely reduced.

Specifically, the composition of the first soft magnetic layer 114a and the second

soft magnetic layer 114¢ is CoFeTaZr and the composition of the spacer layer
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[ 0035] The underl ayer 118 has a two-I| ayer
structure made of Ru. By form ng a second underl ayer
118b on the upper |ayer side at an Ar gas pressure

hi gher 10than that used when formng a first

under | ayer 118a on the | owerq4ayer side, the crystal
orientation can be inproved. [0036] The onset
| ayer 120 is a nonmagnetic granular |layer. By form ng

€. non net.ic granular layer on a hcp crystal
1i‘ﬂ? l?gtgﬁ:(&ﬁla?”'tj ~under | ayer 118 and 15 growi ng a

granutgﬁ]rmh ayer of the main recording |ayer 122

t her eoh,” the onset |ayer 120 has a function of

: _ ) | _ _
Sorti he BehbRicHRARE! fyBE 316HAL o @Efiol bOBPting the sof
ma@yigfic _ia%r:1s4mﬂnﬁﬁibﬁ_o¢@é& litatifeg ngliérﬁ}%ﬁi of%%hﬁierﬂi}?étram of

i
recording layer 122 is, in this enbodinent, a single

crysgingtaias bayer undiélayrdranuifae @ientstion entris |dyee 1M8iis
recordi ng |layer, use can be made of CoCrPt-Cr203,
fobmedRisiig) 0V @odiRPthalir@Ra for strindufd. ke. A plurality of
oxi des nmay be contained in such a naterial. As a
speciﬁoioé5£xanpl e, using a hard magnetic target made

25 ox e UpFRGRYCTaH LR ATV TS T chBR Aagpeer Bu. - By forming
a %ﬁgg ; pﬁ&g@@gﬁ&g%@@u;i;ng%)tééjr;ﬁge? fgb%& méf@ssi ;{{8%3%%'higher
th{aﬁﬁﬂ?t Bgec?%ghg&hr}aﬁﬁsa fi%?ﬁaﬁ%@%'};él?g@g{hggﬁ@gf ﬁa@%ﬂside, the

orm ng recor

i Blic@ ] KOl ri(;)()_j‘inaratioof about 9:1
cr?@ng(%lg %%g %%aeg' négpnggnétl C substance is segregated

ar oun@oiBp nmagnetic substance to formgrain
boundari es and nmagnetic grains forma col umar
gr anuTlae oatetlalar €20 e senmagnetic gramdaniayar. e By forming the

epitaxially grown continuously fromthe granul ar
nenmaghetiegenuidrdayersen alhaparystal structure of the underlayer 118 and
growing a granular layer of the main recording layer 122 thereon, the onset
layer 120 has a function of separating the magnetic granular tayer from an initial
stage (buildup). The composition of the onset layer 120 is nonmagnetic
CoCr-SiOs.

[0037]

The main recording layer 122 is, in this embodiment, a single magnetic
layer with a granular structure. As the main recording layer, use can be made
of CoCrPt-Cr,03, CoCrPt-SiOy, CoCrPt-TiO», or the like. A plurality of oxides
may be contained in such a material. As a specific example, using a hard
magnetic target made of CoCrPt containing silicon oxide {SiO2) or titanium
oxide (TiO») as an example of a nonmagnetic substance, a hcp crystal structure
of 11nm is formed. The main recording layer can be suitably set in a range of

20nm or less. The composition of the target for forming the main recording

layer 122 contains CoCrPt and SiO2 (or TiOg) in a ratio of about 9:1 (mol%).
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5[ 0038] The main recording |layer 122 is not limted
to the single |ayer, but may be in the formof two

| ayers. When form ng a main recording | ayer by two

| ayers, it is possible to formdifferent |ayers by,
for exanple, meking differenjgthe contents of an

oxi de or the conpositions of OXIdeS from each ot her.
For 10 exanpl e, an oxide of one layer may be Si02 to
hnprove t he separabil.t andk§ﬂ§0X|de of the other

Qe TiRg A SHDBIENGE 7 FEIGHS rechPongrnl %Jebstance to
nvers har act rist | uI ar | t he
e bR bt sl oy AR5 s mens opbjag structure,

TH%%%QH@FF@ Qﬁ]@' lpﬂgklgllyéﬁw ﬁgt[lrluﬂg ﬁ@?ggﬂg rﬁ&r’iﬁﬂar

s@@ctmé(Sﬂth'erBr%e‘Pwye@r both of two Iayers of a 15main
recordi ng layer. [0039] Using a hard nagnetic

t ar geoozgyle of Co, CoPt, or CoCr containing silicon

oxide (Si02) or titaniumoxide (Ti02) as an exanple

of a hoamanetcardingbleyant?? id het Imgited tr thierginglayayerl2dt may
with a hcp crystal structure of, for exanple, 20 2nm

bé & ther e, ofttwerlapsrsas ¥Vhen fayming asndinaecordinglayes by two

of the main_recording |ayer 122. The reinforcing

laygige it I&@@Ss@lqﬂ%ﬂ%wﬁff reghAYEFS Prder axamAts: gnaking different the

odsants) Ao AR Has ReTPe P aRAL okies g e3riclier “For
N R R e e——
0)?8&%'? %Stﬂeﬂ erriay b&qld)ﬁ‘ﬁaﬁﬁﬁl%vbhﬁe EREHSY&yritic conversion

tO I NCr ease e saturation

chierabRlrished (ﬁﬁhl&@larlﬁ%é@ymﬁﬁo)oén@ g aiﬁﬁ‘étﬁﬁ’été@rrbombmlng them,

magnetization Ms is carried out by increasing t

it HombsEblead oBtainzemairmhecdaditg aﬁyeirmalsr&@l@cﬁthztﬂﬁalraxrtemucss
smal | and by increasing the content of the oxide such

Fasher aaunaiityood aed¢sTmad)benmered inéo sae or avthoof two layers of a
magneti zation Ms is 14 |large. By increasing the
mahreserdiog layes. oxide in this manner, it is possi bl e
to achieve a reduction in crystal grain size and thus
to ndfPewl t he I\/bW(Magnetl c core Wdth). [0040] 5In

this eiradi rent o thend el erahn%r @Y Lofd: E3c %Bhing
silicon oxide (SiOy) or titanium oxide (TiO2) as an example of a nonmagnetic
substance, the reinforcing layer 124 with a hcp crystal structure of, for example,
2nm is formed, thereby assisting magnetization reversal of the main recording
layer 122. The reinforcing layer 124 is preferably 5nm or less and more
preferably 2nm or less. Also in the reinforcing layer 124, by forming magnetic
grains into a granular structure as described above, it is possible to increase the
magnetic coupling with the main recording layer 122, to increase the coercive
force He, and to increase the saturation magnetization Ms. Adjustment of the
saturation magnetization Ms is carried out by increasing the content of Co when

the saturation magnetization Ms is small and by increasing the content of the

oxide such as titanium oxide (TiO2) when the saturation magnetization Ms is
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saturation magnetization Ms thereof becones higher
than those of the main recording |ayer 122 and the

| at er - descri bed conti nuous | ayer 126. For exanpl e,
when the saturation magneti zation Ms of the main
recording |ayer (CoCrPt-Ti02)4is 400 to 500enu/cc and
the saturation magnetization of the 10 conti nuous

| ayer (CoCrPt-B) is about 300 to 400emu/cc, excell ent

B B SR Bt f LB D MG s possie
SRR RO el DR SLA Ale TBARF L QB Bragnene

cér%%dtﬁie and dividing, by the volune of each film a
val ue of the saturation nmagnetization neasured using
a VSM!O@ibPr ating 15 Sanple Magnetoneter). The

di ff erence between the saturation magnetization M of

t he rgi thisos@bbairhaye theldnfarghg kgtr 0D4 tidforrRidiso that the
recordi ng layer 122 or the continuous |ayer 126 is

sauedtenainhyn@tsinn e tberaobbecorh89 Aidhdrithaméose of the main
conti nuous | ayer 126, the ma%net ismcontinues in an

recorging hayez 0 2@ ard thelatertdedesbed sonhiwalss laxgei 26.26Fomgxample,
the continuous | ayer, use can be made of, for

wBRB AN é?tuaafgﬁafmmgn@ftizm MSB;ffth?? 3P r@?@din%féye"rgle
@%ﬁﬁ@%‘g’%@s@ﬂ% SRR RdBY Faiialion fdiietSpfn by e
_ . N (o f .
BT HETTA TR 8o Bl BEE Al BER can be
oE@H@dabymsé‘thQ tN@%Q’fUTbti(iﬁji‘ ﬁxd{?ﬁ%ﬂé‘ﬁtm StPEleMfolcAPhydl®, for
IS a protectrve l'ayer for protecting the main

eX£RPlkdBDehYE. T84 Sat0ratRh tEPASHzRbnaVIsREAd derived by
head. Since, in general, carbon fornmed into a film by

stabling HaceViimnert hafladsssibtratey edd idividinhrbh éielnelsseasf each film,
conpared with that by the sputtering nmethod, it is

a pebsi dfl the tsatypatior anagrsdizatiom messoret ngingay ¥6M QAdbrading
effectively against the inpact fromthe nmagnetic o

Saswie l\/[agmaﬁqmet‘er). The difference between the saturation magnetization

Ms of the reinforcing layer 124 and that of the main recording layer 122 or the

continuous layer 126 is preferably 200emu/cc or more.

[0041]

In the continuous layer 126, the magnetism continues in an in-plane
direction of the continuous layer 126. As the continuous layer, use can be
made of, for example, a CoCrPt or CoCrP1B fitm or the like. The thickness of
the continuous layer 126 is preferably 10nm or less and more preferably 5nm or
less.

[0042]

The medium protective layer 128 is formed by film formation of carbon
by the CVD method while maintaining a vacuum. The medium protective layer

128 is a protective layer for protecting the main recording layer 122 from an

impact of a magnetic head. Since, in general, carbon formed into a film by the
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5The lubricating layer 130 is formed of PFPE
(perfluoropol yether) by the dip coating nethod. The

t hi ckness of the lubricating layer 130 is about 1nm
The perfl uoropol yether has a straight chain structure
to thereby exhibit proper luptication perfornmance for
a magnetic di sk and, because of having hydroxyl
groups (OH) as end groups, it can exhibit high

R PP UBT Pl b OSSR B RR oy ne
SRR R8s BT lodt 8 S PREGPG 58° 22 oo
oFERRA BB BT ot AR Fagaprn | aver by (vo

reinfgmm@pg | ayer 124 15has the magneti sm and
contributes to recording of signals. Therefore, in
one VTewjubrhatingilayar3ong fomyed oflRAPEApealsropelyether) by the
regarded as one of recording |layers. Incidentally, as
digezatingedetiiody e Therthmkdess pbthedhbesaingiayemnpd @ iseammit 1nm.
in SINratio and the reduction in wite fringing in
The ppoiussopeyether hesenstraight ghain shibeiise &0 thereby exdibidgroper
densjty, the continuous |ayer,K 126 | rovi ded to
lugaipalicn Besomgca iy feReNelit disk@do Reray&hahiyaving hydroxyl
coupl ing) between th ranul.ar, magnetic grains of th
aflieR (PRIl ralins: 1t ey XL SR REMeRneb fetfngahos W
' Lt [ Lpcrease the thickness
m%ﬁgFL%ﬂ%8%#¥EU§8§RF§€g$%§@§£%Xépto enhance the

satur@bhgg magneti zation Ms of the continuous |ayer
or the recording |ayer. However, the thickness

dependenss, HHetbeptRICRRNEEgIvOH R Bnbffetents bebgbéy proving the
sensitive and thus it is extrenely difficult to

refifoeding &ayee d2r e ineth i3 ¢mbedienarfianddooningla n@if tecording layer
accurately control the thickness of the continuous
by twedyers(artheae layera)he Astdescribed abbve Hbegeindoreinguleyer 124
| ayer is increased or if the saturation magnetization
hags ther megBetgRENFUeRIEPaipsItoiracARgRiesignals nc dhergiore, in one
in the in-plane directi

ViPH eSO TG FORE | P AR B gBIRBIEHI Sane AL FaietaBg lavers
SR R L AR T o o
AU LR L B et o
inEﬁ%s%’ il rE@rdthPaB8SiHE RS Eortihuichs 1! 26 iEdvled to generate

er these citcunst'ances, the present inventors have

theQHagnéhaintdrastion @éxmﬁnig@rbdmﬂﬁ@t herakeanth&yrahulanhmaghetic

surface | ayer of the recording layer is sufficient

gains efnthamaingetbrdiey theng eFooamanuindind dehaogei couptisg, it is
ccl)nas)i/c(ieerreéztg ’incarggse the thickness of the continuous layer 126 and to
enhance the saturation magnetization Ms of the continuous layer or the
recording layer. However, the thickness dependence of the exchange coupling
is highly sensitive and thus it is extremely difficult to obtain a desired-magnitude
exchange coupling (to accurately control the thickness of the continuous layer).
Further, if the thickness of the continuous layer is increased or if the saturation

magnetization Ms of the continuous layer is enhanced, since the magnetic
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10have conpl eted the invention of this application.
That is, the reinforcing layer 124 ains to enhance
the saturation nmagnetization Ms of the surface | ayer
of the main recording |ayer, but does not aimto hold
a signal. As a structure ref{gcting this aim the
reinforcing |ayer 124 has the saturation

magneti zati on Ms higher than that of the main

I ol o TS Al 82805
o BRc ABSRTT EE B G
rEA T Lk B0 S5, e B o

s&UratRTSmagAetiZatiofAvIBIoR &S AlordiRB MRS id BRRaAESH TRE §/N ratio
preferably 2nmor |ess. Thus, the thickness of the

deeentos ohilge hiyods, 124 is preferably 1/4 tines or |ess
that of the main recording |ayer 122. Concerning the

t hi ckit@4s] of the reinforcing layer 124 with respect

to the continuous |ayer 126, the thjickness of the ]
cont i Hogektheageircunsiances, icep@sept nyaRtoss hpwe sounshthat high

ST pShaEiforih o3 s et ) Birseardive e
SR SPB BT SRl ST aing T e S S AT 126, anc
"B EARR Rt bl F ARt hel i, i hliproria aver

1%{?%%’&). Qﬁ@%rzés%’ﬁf(é S5y igﬁﬁggﬁ@t&aﬁaﬁ Ms meaélﬁfdc\é%yer of the

Exanp Herei n, an anorphous

mairHfcaedihh ISdireb i dses MeSaifPlodesd andigna. diasla sthagerdy
di rect press, thereby producing a glass disk. This

refleating this kimpathegemfodinglalyes h24 haankde shematier magnetization Ms
strengt hened in sequence, thereby obtaining a snooth

higbantgmehatotihekmsinoecpeding ilayer H@2farthe obntinuous layer 126 and
chem cal ly strengthened gl ass di sk. The gl ass

prefeyablydias adlindhigkgessich nmagnetic di sk substrate

havi n[%046]

Concerning the thickness of the reinforcing layer 124 with respect to the
main recording layer 122, the thickness of the reinforcing layer 124 can be set
in a range in which the main recording layer 122 is 20nm or less, and is
preferably 5nm or less and more preferably 2nm or less.  Thus, the thickness
of the reinforcing layer 124 is preferably 1/4 times or less that of the main
recording layer 122. Concerning the thickness of the reinforcing layer 124 with
respect to the continuous layer 126, the thickness of the continuous layer 126 is
preferably 10nm or less and more preferably 5nm or less and the thickness of
the reinforcing layer 124 is preferably 5nm or less and more preferably 2nm or
less. Thus, the thickness of the reinforcing layer 124 is preferably one time or
less that of the continuous layer 126.

[0047]
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10 a dianeter of 65mm an inner dianeter of 20mm and
a di sk thickness of 0.635nm Herein, the surface
roughness of the obtained glass substrate was
nmeasured by an AFM (atom c force m croscope) and it
was confirnmed to be a snoothysurface with Rrax of
2.18nm and Ra of 0.18nm Rmax and Ra fol |l ow Japanese
I ndustrial Standard (JI'S). 15[ 0049] Then,

i ttering filmformpg tus, t .
achost g RagleR. WEderagiiengss ohfi BRPEAIaG vl e desggbed

bk BeBLYSE 258 Gbweifs Rl ecor di np | ayer | 122
wer e @ﬁ@fd in sequence on the disk substrate 110 by
DC magnetron sputtering. 20[ 0050] First, the

adhes@%rﬂlﬁéqq 112 was fornmed using a OTi target so
as to be a CTi layer of |Ohm [0051] Then, the soft

magnef eeeih 2ate mokieu L8l ridd4lioe ¢lds3rwas madeginto 25disk
FeCoTaZr target so as to be anorphous FeCoTaZr |ayers
slfpel3ndirectampest theetly. prasiuting = glcedidkay drhid gilss disk was
between the soft magnetic |ayers 11l4a and 114c, a Ru
grogpdr pelishedmend chestealty sistngihenerlin saqpence| hesely oligining a
Then, on the soft rra%neti c layer 114, the orjientation
srpepthy PnmMagRetic disk spbsvate iRd feym Rf s\chepcally strengthened

OS5k THECREoE SRS TR B gadapr ek G ipSrSignaving
a LYE%teP b BERMNAPTRY Sartd @ or 2aamt-arld & BAAnMAg: 98P
pressure for Ru Tayer 0 e “under ["ayer :

0%8%5@@ og’gﬁetiﬁ,nﬁl%tsdr@é%rro@léﬁné’gs & lﬁ@rﬁﬁgﬁgg Qfiass substrate was

e main recording layer 1

meastifdd-ty 87 AP eatoplioferee imigrdsevee) ard it waconfirmed to be a

conti nuous |ayer 126, and the nedi um protective |ayer

srha@8thverrea deowitie RRrnax sERUSnoeand GEHS] 0. TBemMmiRmax and Ra follow
recordi ng layer 122 of 15nm having a hcp crystal
Japraneseundudifalhd@ntlard&dSusi ng a hard magnetic target
made of CoCrPt-Ti 02. Further, the reinforcing |ayer
124 dAB4Phe continuous |ayer 126 were forned using a
Co-Ti 02 tar(T;jet and a .CoCy Pt B target, respﬁcti el %2/(
Her ei e HSTRGA SRHESENG Il fIMIBY APBPEHE thaypddneshig layer 112,

SR ERBBNEe e B e o Endhyer 1
thE SHREE TVEE 1081 SKASSS FtilPEéording layer 122 were formed in sequence
on the disk substrate 110 by DC magnetron sputtering.

[0050]

First, the adhesive laver 112 was formed using a CrTi target so as to be
a CrTi layer of 10nm.

[0051]

Then, the soft magnetic layers 114a and 114¢ were formed using a
FeCoTaZr target so as to be amorphous FeCoTaZr layers of 30nm, respectively.
As the spacer layer 114b between the soft magnetic layers 114a and 114¢, a Ru
layer of 2nm was formed using a Ru target.

[0052]
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15nmeasured. The neasurenent results wll be described
in detail using Fig. 2. [0054] Next to the
conti nuous | ayer 126, the medi um protective |ayer 128
made of hydrogenat ed carbon was forned by the CvD

met hod. Because of bei ng nadgegof hydrogenated carbon,
the filmhardness is inproved and thus it 20is

possi ble to protect the perpendicular main recording

I_I_ﬁg(ne’r Tﬁgg &‘Eh}qag%fé a(ﬁtegfg (iz?yrg_[gdga ngct)rii_é:nt%g%gbo&t%ﬁgy](er 116 of

178 badE TR e bk Bort A1 8F Bof e R dfiosgoss of

i f
WD S0 g ARSI FPRE A S CHRIELE, £ R Bl oy
1809VESPE, filhPfdrRfifig Ibg r&E Rr Fk@)é%ﬁér%%@%ﬁ@&%?gﬂwb:

i nstead of the Co- reinforcing’layer 1

6i0Hkinessnsedlt 14y 1281 s MERMTEatia e Col245imas tHehaagekcbating
0, 1.0, 1.2, 1.5, 2.0, 3.0, and 5.0nm [0057] 5The

layec 628 ioh GaCrpt-dide,i thg reinéorainigdayert 1224 tbé cohnumadi layer 126,
t hus obtained were eval uated by using a RNV anal yzer
aa@ thexmedgnetiretasdive laertiz8 wenedernded in aequenpset i ¢

recordi ng. type having a SPT el enent on the recording

si de B983h G\R el enent on the reproduci ng side and by

5oL e i e P2 Y B SRE Svsii rcture
was formed using a hard magnetic target made of CoCrPt-TiO,. Further, the
reinforcing layer 124 and the continuous layer 126 were formed using a Co-TiO-»
target and a CoCrPtB target, respectively. Herein, the thickness of the
reinforcing layer 124 was changed fo 0, 1.0, 1.2, 1.5, 2.0, 3.0, and 5.0nm and
the recording track width and BER for the respective thicknesses were
measured. The measurement results will be described in detail using Fig. 2.

[0054]

Next to the continuous layer 126, the medium protective layer 128
made of hydrogenated carbon was formed by the CVD method. Because of
being made of hydrogenated carbon, the film hardness is improved and thus it
is possible to protect the perpendicular main recording layer against an impact
from a magnetic head.

[0055]

Then, the lubricating layer 130 made of PFPE (perfluoropolyether) was
formed by the dip coating method. The thickness of the lubricating layer 130
was Tnm.

[0056]

(Comparative Example of Example 1)

In the same film structure as in Example 1 described above, a
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1010nm [0058] Fig. 2 shows neasured val ues of the
recording track width (MW WMagnetic Wite Wdth) and
BER with respect to change in filmthickness and Fig.
3 shows change in BER with respect to the recording
track wdth in Fig. 2. 15 Hed§ the sanples of the
above-nenti oned Exanple 1 an Corrpar ative Exanpl e
wer e measured under a condition capabl e of achieving

10 it/inch2. Fi 3.sho relatiye track width .
CPRer Ba SONaLAY RS SiF KR aT{E08 CERe ERarDs TRMTRING fayer
125 RT@?'&*“ a‘?s'%?%“rf%fe?@le SRt as s b ondhgea18 0, 1.0, 1.2, 15,

g%@la‘:ﬁd g. 3, in the sanples (CoCr-Ti 02) of the
npdar at’i ve xanpl e, since the saturation
magnefoozation Ms is small, the BER decreases as the

t hi ckness” of the reinforcing |ayer increases, while,

i n t hehe asquremglreprdd g offaraxturigties &f thel meeid thes obtained
saturation magnetization is high, as the thickness 25

wereeezlgeted IhhesiBER RAN analyreecinbyg nfagnetiz hiept ef tiadout
0.4 in a region where the thickness of the

pergient wutdrimgagestir recordingntyire hageg alJPT eéernenton the recording
t hi ckness of the sanple (Co-Ti02) of Exanple 1 is

sifa@anda MR ¢lereskan i‘i‘ﬁrfeﬁrﬁgﬁc'ﬂﬂ é'd@o@fﬁ% by @eftmgct@em@cordlng

f t di nedi d
I G BRIy T B8 RV Berdhain e edrAahelighea was
@ﬁ]hl ckness of about 5nm [ 0060] In Fig. 3,
is ideal to inprove the BER whil e maintaining

(V\/Itf]?@% ]:hangl ng) the track width. Therefore, since
? can sharply increase

Fig. 2 shows measured values of the recording track width (MWW:
Magnetic Write Width) and BER with respect to change in film thickness and Fig.
3 shows change in BER with respect 10 the recording track width in Fig. 2.
Herein, the samples of the above-mentioned Example 1 and Comparative
Example were measured under a condition capable of achieving 100Gbit/inch?.
Fig. 3 shows relative track width increase width AMWW and relative BER
change width ABER using as a reference a track width when no reinforcing
layer is included.

[0059]

For example, in Fig. 3, in the samples (CoCr-TiO,) of the Comparative
Example, since the saturation magnetization Ms is small, the BER decreases as
the thickness of the reinforcing layer increases, while, in the samples (Co-TiOy)
of Example 1, since the saturation magnetization is high, as the thickness
increases, the BER is improved by, for example, about 0.4 in a region where the
thickness of the reinforcing layer is 2nm or less. If the film thickness of the
sample (Co-TiQ») of Example 1 is increased to exceed 2nm, then the coercive

force Hc of the recording medium decreases. However, it is understood that
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5 the BER w t hout changi ng AMAW so nmuch when the film
t hi ckness of the sanple is 2nmor less, it can be
said to be close to the ideal state. [0061]

Cal cul ation using the LLG (Landau-Lifschitz-G | bert)
equation was al so performed fy changing the
saturation nmagnetization Ms of the reinforcing | ayer
10 124 and, also in the results thereof, it was

RCRE déQﬁ%lﬁ@f@?@”ﬁfg?t oL densii Ve

si mul E(waé??usl y the BER was inproved, i.e. the S/N

ratio i mproved. [0062] (Exanple 2) 15The BER
d heikél
depenfBsRnaNAe P H b RKOBER Ahid MefEiA1Gi

Ché\@g:ﬁ rﬂl'erlkt%kswio%( erTﬁ@t@foHéOQiﬁ% Example 1 d;érgshép%ﬁ%ase
the relati onshi p between McW and BER obt ai ned

thBAER withddtehERgHgeRsvVef sé reichomfém Ui ’@N’c&(neé@@f the
using the basic structure 20 shown in Exanple 1.
s#mpiE is, 2rither MW itscanhze saichtofbet dese kriheddaal dtateck
width MAWand the wite fringing (erase width). In
this B@&11, the thickness of the main recording |ayer

22 RS S e TEGSL Lot S s o

pieie By Shahfigudne Relana i eudhn NG Hbe chirfieng faver
155%{{8%%&5%%‘7&) Fésu?t@qhgrreotmf @E%%nhexpegiat 3%%?&6 magnetization

ough™an "I nprovemnent

déﬁ‘eﬁfﬁﬁ%%érﬁﬁ%yv the t%lc?(%rbgg V\ﬁ@l‘ﬂ deT;'F@é cf’é’u‘?d sif\Btaneously the

cont’i nuous I ayer is sef to | Onmor |ess,
BErRelas #Apdovedli.c. the S/N ratio was lmproved.
[0062]
(Example 2)

The BER depends on not only the thickness of the reinforcing layer 124
described above, but also the thickness of the continuous layer 126.

[0063] |

Fig. 4 shows the relationship between McW and BER obtained by
changing the thickness of the continuous layer 126 using the basic structure
shown in Example 1. Herein, the McW is the sum of the recording track width
MWW and the write fringing (erase width). In this event, the thickness of the
main recording layer 122 was 12nm.

[0064]

Referring to Fig. 4, when the thickness of the continuous layer is 5nm or
less, it is possible to obtain a sharp improvement in BER with respect to an
increase in McW. In a region where the thickness is 5nm or more and 10nm or
less, although an improvement in BER is expected, an increase in McW is also

induced. Therefore, the continuous layer 126 is set to 10nm or less, preferably
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5nmor |ess. [0065] From Exanple 1 and
Exanpl e 2 descri bed above, when the reinforcing | ayer
124 is 2nmor |less and the continuous |ayer 126 is
5nmor less, the effect 5 of the reinforcing |ayer
124 becones |arge so that thg; BER can be inproved
whi |l e suppressing an increase in McW [0066] (Exanple
3) In this enbodi ment, when Co-Ti02 is
I nser as the reinforcing layer 10124, there is
5@W§glé§%ibited an effect that the erase width is also
redUC@@G LOO67] Fig. 5 shows the relationship between
the thickness of the reinforcing |layer 124 and the

nor ' | fEddgl i - i
mﬁ#ﬁ@)&%@il@ 1 ésr?dqgké‘ﬂlpﬂﬁ?H@%g&&%%‘%%&%eremfommg

According to g. In arange in

laper PRA 2hinadr (889 BAY itk LORBRMILY IBgerEZB 18 Gr deRsS the effect
not decrease, if the thickness of the reinforcing

of thgerini@tirigsiayer | 24 bedomekdamer stathar e BERhgamMbe improved
amount, i.e. the erase wi dth, decreases w thout
whitgisupgressicigaaymareaBER.MIWe results of this
qualitatively agree with the LLG cal cul ation results.
[0068086According to the perpendicul ar magnetic
recor@ n%] qe%iéum 100 descri bed above, the reinforcing
| ayer\F¥INR'€ S3r ovi ded between the main recording

! ayerln]tﬁ?s %ﬁﬁﬁ%ﬁ&\)@?ﬂh%ﬂ?&lﬁd a%‘l:glrl (%T%Gqég tﬁg]?aetinijo&iti@ layer

possi ble"t B

1 Lflﬁgﬁéu‘édi%%fé@éxﬁ%ﬁggitah%ﬁe%‘? &ﬂ Y PR \Hfa‘tt#%oal% edifed.

educe the write ngi ng the new configuration.
Thergbogp] it is possible 25 to achieve a further
i nprovenent in recording density.
Fig. 5 shows the relationship between the thickness of the reinforcing

layer 124 and the normalized write fringing amount ((McW-MWW)/MWW).
According to Fig. 5, in a range in which Hc of the perpendicular magnetic
recording medium 100 does not decrease, if the thickness of the reinforcing
layer 124 is increased, the normalized fringing amount, i.e. the erase width,
decreases without causing a change in BER. The results of this qualitatively
agree with the LL.G calculation resuits.

[0068]

According to the perpendicular magnetic recording medium 100
described above, the reinforcing layer 124 is provided between the main
recording layer 122 and the continuous layer 126 so that it is possible to
improve the S/N ratio of the perpendicular magnetic recording medium 100 and
to reduce the write fringing by the new configuration. Therefore, it is possible
to achieve a further improvement in recording density.

[0069]

While the preferred embodiment of this invention has been described

with reference to the accompanying drawings, it is needless to say that this
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[ 0069] Wil e the preferred enbodi nent of this
i nvention has been described with reference to the
acconmpanying drawings, it is needless to say that
this 22 inventionis not limted thereto. It is
apparent that a person skillggl in the art can think
of various changes and nodifications in the category
described in clainms and it is understood that those

R PRl b Rl e
criayiet PP ahdndibat dRuficslels PERGEMb Gy Elpscribge in
clehs %hdtiﬂe ridRs138d 16 oLl Alral) BRHAPES el Bhnical

er pendi cul ar magnetic recording

séap dfhis inventidn. A perpendi cul ar magnetic recording
medi um conpri sing, over a substrate, a main recording
| ayer having a granul ar structure in which 5magnetic
grains are grown in a columar shape, a continuous

Indagtrial Amgheabilitsl | y conti nuous in an in-plane
direction, and a reinforcing |ayer that enhances
magnell0é0toupl i ng bet ween the main recording | ayer

and the continpuous |ayer, wherein: . ) _
This%nvention is app igable to a perpendicular magnetic recording

medium adapted to be mounted in a HDD or the like and to a method of

manufacturing the perpendicular magnetic recording medium.
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the reinforcing |layer has a granular structure and a

saturation 10magneti zation Ms of the reinforcing

| ayer is higher than a saturation magnetization M of

the main recording | ayer. 2. A perpendi cul ar

magneti c recording nediun1acgérding to claim1,

wherein the saturation nmagnetization Ms of the

reinforcing layer is higher than a saturation

magneti zati on of the conti@uAlidSl ayer. 153. A

per pendi cul ar magnetic recordi ng medi um according to

claim1l, wherein the reinforcing |ayer has a

thicknesi of 5nm or |ess. . . 4. A perpendicul ar

magnet i c REEBRRAIRYIRERANATIGIEEPEINMedium somprising, over a
rei.n the.reinfqrci er has a higkness_of 2nm

%‘%&ft@g,_a main fecording Iggglqﬁ‘ VIRG AHARY @ SHH CHEg AR ihéch

D i . : , wher oi h
S G e
PeheBeiRaabas ITRRTREd BFRUSLD 8T breps over e

dasarkcsthagmarscAlpltiétivebA%Be main recording Ia?er And the
per pendi cul ar magnetic recordi ng nmedi um accofding to

drdinoodis [aveerwherdile mai n recording layer, the
reinforcing |ayer, and the continuous |ayer 25are

f or nelthei neinfbiicihplager hasex griahalss shsithume @nd a saturatiorB.
A perpendi cul ar magnetic recordi ng nedi um accor di ng
megnefizatiamMs i éhe reinfareingdayeros dighprithgra sasufationed

by segregating. a nonmagnetic substance between
mﬁﬁ@ﬁ%‘?ﬁ“@ §i02§h%mﬂ'ﬁirﬁ??f§'r§1|ab/@%1st Co. 24

9. A ergendi cul.ar, magneti.c recordi n%Hmadi um
n

accorti ng PEPTIUFHAB MAAMEHIEROQHEY PAKER Achgrding & claim 1,
whrdth e B8y PlHonbo ez ity 1RO iﬁ%?ﬁ%éﬁ%\zﬁr is higher than a

per pendicul aF magneti c recor

s MEghZHBhBrthe WRFIRLALS Agef €1 nforcing | ayer

is formed by segregating a nonmagnetic 5 substance

bet wekn ARgRRridiclbAhyreaBraétdtdMg medluprstctRfifidto claim 1,
wherein the reinforcing layer has a thickness of 5nm or less.

4. A perpendicular magnetic recdrding medium according to claim 1,
wherein the reinforcing layer has a thickness of 2nm or less.

5. Aperpendicular magnetic recording medium according to claim 1,
wherein the continuous layer has a thickness of 10nm or less.

6. A perpendicular magnetic recording medium according to claim 1,
wherein the continuous layer has a thickness of 5nm or less.

7. Aperpendicular magnetic recording medium according to claim 1,
wherein the main recording layer, the reinforcing layer, and the continuous layer
are formed in this order over the substrate.

8. A perpendicular magnetic recording medium according to claim 1,
wherein the reinforcing layer is formed by segregating a nonmagnetic

substance between magnetic grains containing at least Co.
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11. A perpendi cul ar magnetic recordi ng nmedi um

according to claim1l, wherein the reinforcing | ayer

has a thickness which is 1/4 times or |ess that of

the main recording | ayer. 12. A

per pendi cul ar magnetic recor%ﬂng medi um according to
claim1, 10wherein the reinforcing |ayer has a

t hi ckness which is one tinme or less that of the

cont i AuoAspdragedicular magnetick83corlime meighncidcarding to claim 8,
magnetic recordi ng nmedi um conprising, over a
whebsin tle evintoroimgriayede ey o efy@o-Tidy, Gig-Si0gr amliCarCraOs.
structure in which a nonna?netlc substance is

segr e@@t el H%Pﬁé@ﬁu@blm icragasing mpdimeccarding to claim 1,
5cant.i nuqu r far  qgi V|c£g an action to )
WagEHR Ieg ‘F'Q ﬂDéerriﬁ ﬁlsﬁgF?&%t'Bgé’aEﬁmﬁﬁ%?t]C

s B5tiafid G B Cm’%‘%ﬁﬁﬁg Gk’ FhoBRARGT ?%%Si“oiﬁ{b’?t ne

cont ' Ouﬁgle?&{dl fr rg?ne ic recording mtegﬁlur e ?@%@Erﬁ {&%1aim 1,

Iayer anu ure an a Sa

wﬁ@ﬂﬂﬂl’qé ALihIRRCING | rtﬂh% 4 il RS mch@g thtémﬁg 09 &Y that of

than a saturation Omagnetl zat 1 on

theataindiecgrdiny &iyer. 14. A nethod of
manuf acturing a perpendi cul ar nmagneti c recordi ng

medi uhz. hakipegpanditelas tagnetic mecedarglinedilmpecording to claim 1,
rei.nforcing layer, and a continuous |layer in this
whekgi theyeainfereinpdayeithas a thighriassnghich os nhedimeer leke that of
mai n recording |ayer, a ferronmagnetic layer with a 25
thgGomliNdPUE{3Y§Et ure in whi ch a nonmagnetic subst ance

::azfﬁ%e?étpggpz%%lmgpm% ell %3'(5; rrgggn%gcgq?t@%Bmp?I mg, overga
SRS b Ll AP b P
nTrAGAFS L S BBORE gl B R BB,

cdrRigelis Zaldr a8r dirkf anh BetiGretNERERATNR- i:é\)’;ﬂé thé rﬁHg@J%ﬁE grains to

than a saturation magnetization M of
edchcother, gd ayeinforeing layer that enhandey ﬂﬂilaggeﬁ@@ouphng between

conti nuous |l ayer so as to be magnetically continuous
themain récordina tayedianddhe @mentinuous layer, wherein:

the reinforcing layer has a granular structure and a saturation
magnetization Ms of the reinforcing layer is higher than a saturation
magnetization Ms of the main recording layer.

14. A method of manufacturing a perpendicular magnetic recording
medium having at least a main recording layer, a reinforcing layer, and a
continuous layer in this order over a substrate, comprising:

forming, as the main recording layer, a ferromagnetic layer with a
granular structure in which a nonmagnetic substance is segregated between
magnetic grains containing at least cobalt (Co};

forming, as the reinforcing layer, a ferromagnetic layer with a granular

structure in which a nonmagnetic substance is segregated between magnetic



26 ABSTRACT [ PROBLEMS] To provide a reinforcing |ayer

between a main recording |ayer and a conti nuous | ayer

so as to inprove the SINratio of a nmagnetic

recordi ng 5nmedi um and reduce,the wite fringing

effect by the new configuratfon. [ MEANS FOR SOLVI NG

PROBLEMS] A perpendi cul ar magneti c recordi ng nedi um

(100) includes a substrate (110), and a main
gradrocatitagingyatieasti e alt (o)esathat ai saduiatipe madidtizatianMs of

a continuous |ayer (126) which are overlaid in this
therrgsforsing lewes isbighar thanmhsatusatinromeigngtiraticer Meif4he main

has a granul ar structure. 10The saturation
reCREHRY fREYi B Ms of the reinforcing |ayer (124) is

P'eggfféfrh&%n@tﬁgforﬁﬁgggjgﬁéy%ﬁ sréa snw%t tljg ?nta{g%rétigg.ﬂh} ggnt%or&s in an

in-plane direction.



