DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
MANUFACTURI NG METHOD Technical Field [0001]

This invention relates to a nethod of manufacturing a
per pendi cul ar magnetic recordi ng nmedi um adapted to be
nmounted in a perpendi cul ar magnetic recording type
HDD (hard disk drive) or the Iike. Background Art

[ 0002] ~ Various information recording

t echni ques have been devel oped follow ng the i ncr ease
in volunme of information processing in recent years.
Particularly, the areal recording density of HDDs
usi ng the magnetic recoPBPRE! R@@%h|que has been

i ncreasing at an annual rate of about 100% Recently,
the information recording capacity exceedi ng 100GB
has been peARERFACBEARMAGNETT FROTHDINGIMEDIGRIAP! ed
for use in a HDD or t li1ke. In order to satisfy
such a requir ement MANUFAC TURINGSMEYHOD real i ze an

i nformati on recordi ng density exceedi ng
200Ghits/inch2. In order to achieve the high
recordlng @en5|ty in a magnetic disk for use in a HDD
oreqhrical g i s necessary to reduce the size of
nagnetlﬁxﬁ?ystal grains formng a magnetic recording
| ayer gerv ng to record information signals, and

. furt herthid iavdridt eglatebeo timeathaesismariutadiariigy perpendicular
However, in the case of conventionally comercialized
na@geatmemrding roddiurh @dapleg teihe Mmesgiestn @ pegeandinulyg

pe (also calledt ong etic recording
tmﬁé”%tlc refRyd WSrW%'ﬁBg’I L‘ 1%?%5’9?8 tgHgF‘?Tg type), as a
result of the reduction in size of magnetic crystal
grains, there has arisen a so-called thernal
f BHGigididgott 2 phenomenon where the thermal stability
of recorded signals is degraded due to
super pgo@Ofdgneti sm so that the recorded signals are

| ost, which has thus b di ng f
the | noERNE AR FA R SAET BP o e R e e

following the increase in volume of information processing in recent years.

Particularly, the areal recording density of HDDs using the magnelic recording
technique has been increasing at an annual rate of about 100%. Recently, the
information recording capacity exceeding 100GB has been required per -
2.5-inch magnetic disk adapted for use in a HDD or the like. 1n order to satisfy
such a requirement, it is necéssary to realize an information recording density
exceeding 200Gbits/inch®.  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
m@m%mw@g@mmMMgmmwam@mMmmemmmwmmm
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

mag‘netic crystal grains; there has arisen a so-called thermal fluctuation



di sks. [0003] In order to solve this inpeding
factor, magnetic di sks of the perpendicul ar magnetic
recordi ng type have been proposed in recent years. In
the case of the perpendi cul ar magnetic recording
“type, as different fromthe case of the in-plane
magneti c recordi ng type, the easy nmagnetization axis
of a magnetic recording |ay is adjusted so as to be
oriented in a direction perpendicular to the surface
of a substrate. As conpared with the in-plane
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" (Patent Document 1) discloses a technique about a
péskzendi cul ar magnetic recordi ng nmedi um havi ng an
adhesive | ayer, a soft magnetic |ayer, a seed | ayer,
an undmoal/er a perpendi cul ar nagnetic recording
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ied tot magnetic recordi'ng | ayer by

f abdut %@peﬁaeﬁidﬂﬁlﬁﬂ et racoptitdimstiamt fiavingf aroadtesive layer, a
Tecording head and returning to the recordi ng head
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Patent Document 1: ~ Japanese Unexamined Patent Application
Publication (JP-A) No. 2005-285275
Patent Document 2:  United States Patent No. 6468670 Specification

Disclosure of the Invention



- arapply acsirmlnnmt:c &g

As a technique for reducing WATE, it is said to be
inportant to nake negative a reversed domain

nucl eati on nmagnetic field (Hn) of a magnetic
recording |ayer and further to nmake | arge an absol ute
val ue thereof. In order to obtain a high (absolute
value is large) Hn, there has been proposed a CGCC
(Coupl ed Granul ar Continuous) nmediumwith a thin film
(continuous |ayer), that exhtbits a high

per pendi cul ar magneti c ani sotropy, forned above or

bel ow a magnetic recording layer having a granul ar
sthreldemte be Spdeddy taeywent¥d i n Patent Docunent 2.

[ 0006] However, even if the configuration of

t he CGdOH@ﬂlun1|s S|nply enpl oyed for a perpendicul ar
magnet | g hECAhdy WP&gﬁ’ﬂ OPBEunﬁém hs hg'té(anih‘t‘xbtls héndlhal n

a sufficient reverse omal n nuc eation rragnetl C

f |eﬁ1(§$tbyEBIWHei’@h asftisdgnetic ysr BQOGvideet Isdlewls r(l@)enc récording
[ 0007 Enbodi ments of this invention aimt ,

s dayeenrmjpempn@@mlémamlcge@(dm madiyn ge that a high recordmg

b sidugace fids afbiEasy h‘é R SR L LA BhRe o
nlﬁ?éeq%gll% BanTRABR fr&m e%k&dmg r@ad%nmﬂﬁ{mgttortﬁg%cmsg

aperpedcu netic recording nedi um
h@ﬂéhﬂ ¢hro@tethedoRt netié Biye Yoift thegneiguratibraytes podsitde to
magneti ¢ recordi ng lgyer havi ng a granul ar structure,
rto haedaiging tiarlgbupainpe adpakape magnetic

magneti c ani sotro Means for Sol vj thePoh y
(BB aciacont (agka inases eiionediRy, Liste blikard SBRER o
PRORES i AEA REAIELHAAE), @%sﬁém&se iRl PEctden

turing o enbodi nents of this
| veRtAtRN i¢ RsCHRr 36aal mﬁ@eb)tﬁnh@ gloueld agrazk sabjected to writing.
magnetic |ayer formng step of formng a soft
nﬁgwmroble Ireig artioulerly acalizedrimadormat whgraotdiacans aeksi aig

r forn1n step of formn net| recordi ng.

I&i;@? tp gachef gr@,eaﬁ?ﬂggrregqrp@gt(@pgtyggﬂ‘gﬂ -upper | ayer
of Sald[éﬁ t magnetic |layer, a continuous |ayer
form ng p of form ng a continuous |ayer having a
per pendhg ghachrigR@Nsi ieluding PATEDRYs 8id anbe pisdrtanticatiake
or a |lower |ayer of said nagnetic recording |ayer,
amégativesmtdvarsestdomant nimdeation gnagnetiel fisith(Hobel Iﬁéﬁﬂﬂiy

.fg;gafsmmez@ag%@%v?osﬁawwa@&%@%ﬁa[@a@?&g%

e AR R s
t *tgbﬁ 0lb& CRARMACESh 1R UBSS) PRstil S Wit tRIIALEentne e Ky, that

Ium manuf acturing nethod characterized by
C axpibits amigheperpéndiciarmeagretic apisptrdpy farmgd sbeye of below a
form ng a soft magnetic | ayer over a sub

ere@é%wlqafar mw&aséﬂ%a‘%@‘wﬁ B 3%%56%'“ Patent
%ane% recor di ng | ayer having a granular structure
0 gn oxi de and an alloy including at |east

cobalt moosn upper |ayer of said soft magnetic | ayer,
an exchange energy control |ayer form ng step of
f or m ngHaweesrChangethesentiguraiinm ofdhe Cakemepinyy iagiraply

gfe;rgﬁgggggl £ RowE g UeE M aOna R I Sdna i & BT obtain
an ?H%fﬁ%eerﬂ 5%:\@9%-{& fg&ng h nna%f:&gmﬂﬂﬁﬁ@ fr\é[a] Hr‘?ﬂwta‘f“sﬁ'l%ﬂegy

ange ener ayer 1n sard
ewkam@é}ggegg (ogntrol Iayer form ng step for
i mprovi ng a val ue of a reversed domai n nucl eati on
magnetic field, said heating step is performsd in a
tenperature range of 150C to 24OC

In order to



4a [ 0009] The substrate is preferably a gl ass

that is excellent in heat resistance. As the gl ass

for the substrate, an anorphous glass or a

crystallized gl ass can be used and, for exanple,

there can be cited an alum nosilicate glass, an

al um noborosilicate gl ass, % soda |inme glass, or the

i ke. Anong them the alumhosilicate glass is

preferable. When the soft nmagnetic layer is 5

anor phous, the substrate is preferably the anorphous

gId@ 07lit is preferable to use a chem cal l'y

str [

[ oo%?éd?ﬁ@ﬁg gl_tl_lﬂi ﬁlgf%?c?(ﬁﬁéhzﬁrtggg F:] égdsd% Hlet@ atdl 94?:1( to provide a
pmemﬂﬁabene@nﬂheegud@gmaﬂeumSMpu%ﬁenaehyﬂﬁdﬂwmpw1@séyemumce
a reversed omam nu r?ee%onl hag elt i tl:\é? eadmgé/ e‘}l reeoré(m layer in a

I'ng suc% AL ace et we g a4y
perp@ﬂﬁ:ﬁl&d inGaghaic rﬂﬁgﬂhﬁg ineedfuRe bavlhg) @VéI&V@IbStfﬁtﬁ (afsbﬁ magnetle layer,
nefic |ayer he set constant so that .
the ﬂ@%@‘?%l r&“’cf%‘ﬂ &Yﬁf ] ?&@Plélahﬁtﬁﬁé*{r?»canéuar%ﬁ‘i“%“o% faé’ﬁrglﬁ“’mg a
highB&paldiGildieadnetiPafip@Rgycul ar magnetic recording
| ayer - soft nmagnetic layer. [0011] The
respective |layers over the substrate are preferably
@gq% i ng nethod. Wien the |ayers are
Nh%% lQM?tlcng%Fi by a DC magnetron sputtering
met[RoeR] unlforn1f|In1fornation IS enabled However,
inter roduct i vit

f the
or AP aEY 40 9 dRE A PSRRI probeim § GFREAGovlar magnetic
recdf&h@@ﬁédilirﬁ)(ﬂia&hfacturmg method according to embodiments of this invention is

characterized by including a soft magnetic layer forming step of forming a soft magnetic
layer over a substrate, a magnetic recording layer forming step of forming a magnetic
recording layer having a granular structure as an upper layer of said soft magnetic iayer, a
continuous layer forming step of forfning a continuous layer having a perpendicular
rhagnetieanisotropy as an upper layer or a lower layer of said magnetic recording layer,
and a heating step of heating a medium, obtained by forming said continuous layer in said
continuous layer forming step, for improving a value of a reversed domain nucleation
- magnetic field Hn.

[OOOSa]

According to an aspect of the present invention, there is provided a perpendicular magnetic

recording medium manufacturmg method characterized by comprising a soft magnetic layer

forming step of forming a soft magpetic layer over a substrate, a magnetic recording layer forming

step of forming a magnetic recording layer having a granular structure made of an oxide and an

alloy including at least cobalt as an upper layer of said soft magnetic layer, an exchange energy

control layer forming step of forming an exchange energy control layer having a perpendicular

magnetic anisotropy as an upper layer or.a lower layer of said magnetic recording layer, and a

heating step of heating a medium, obtained by forming said exchange energy control layer in said

exchange energy control layer forming step, for improving a value of a reversed domain nucleation

magnetic field, said heating step is performed in a temperature range of 150°C to 240°C.



The soft magnetic layer is not particularly limted
as long as it is forned of a magnetic body that
exhibits the soft nagnetic properties and, for
exanpl e, use can be nade of an Fe-based soft nmagnetic
mat eri al such as FeTaC-based al |l oy, FeTaN- based
al |l oy, FeN -based all oy, FeCo%_based al l oy, or
FeCo- based al |l oy, a Co-based $8ft magnetic material
such as CoTaZr-based all oy or CoNoZr-based all oy, an
FeCo- based al |l oy soft magnetic material, or the I|ike.
[ 0089l Further, the soft magnetic |ayer
pr efﬁé'?c@s%‘ate pa% %iab'h; § oJRINGE <G Qélféﬁﬁfntﬁ’ea?regﬁﬁ%é ¥ the glass for the
force 80 oersteds and nore preferably
sub@trz(li anoank@ploers gled r aﬁmysttaihzed glass paebe nadl gndhé@f gemple, there can be
mte& an %llfr@i%?}é cjatfp l%gsgrﬁrtl Y1 mo to%s?%:ét%%krags? sodzf.ﬁlme g ass or the hke Among
theinhihe lkhasifosdlicatendlass of premﬂmmnltm@ﬁ magnptiefageabl y
Snmto 1000nm and nore preferably 20nmto 6 150nm
When it is less than 5nm there is a case where it
beconmes difficult to forma suitable nmagnetic circuit
t hrough nagneti c head - perpendi cul ar magnetic
recording | ayer - soft magnetic layer, while, when it -
- exceeds 1000nm there is a case where the surface
roughness increases. Further, when it exceeds 1000nm
there is a case where the sputtering filmformation
becones [ 0014] The magnetic recording layer is
preferably formed of CoCrPt and a nonnagnetic
subst ance. The nonmagneti c substance may be any
substance as long as it is a substance that can form
grain boundary portions around nmagnetic grains so as
to suppress or block the exchange interaction between
the magnetic grains and that is a nonmagnetic
subst ance not solid-soluble to cobalt (Co). For
exanple, silicon oxide (SiOx), chromum (Cr),
chrom um oxide (Cr02), titanium oxide (1102),
zi rconi um oxi de (Zr02), and tantal um oxi de (Ta205)
can be cited as exanples. The content of Si02 is
preferably 3nmol % to 20nol % and nore preferably 5nmol %
to 12nol % The thickness of the nmagnetic recording
| ayer is preferably 3nmor nore and nore preferably
7nmto 15nm [0015] The continuous | ayer is
preferably fornmed by stacking an exchange energy
control layer in the formof alternate |ayers of CoB
and Pd or Pt and a coupling control |ayer nade of Pd
or Pt and serving to couple the exchange energy
control layer to the magnetic recording |ayer.
However, the exchange energy control layer is
intended to inprove the reversed domai n nucl eation
magnetic field Hh and, if Hn can be inproved, the
exchange energy control layer is not necessarily in
the formof the nmultilayer film Further, since the
magneti c effect does not change, the exchange energy
control |ayer can be di sposed above or bel ow t he
magnetic recording | ayer. Wen the exchange



-7 energy control layer is fornmed above the nmagnetic
recording | ayer, the magnetic-recording |ayer, the
coupling control layer, and the exchange energy
control layer may be stacked in the order nanmed from
bel ow, while, when the exchange energy control |ayer
is formed bel ow the magnetic recording |ayer, the
exchange energy contr ol IayeE, the coupling contro

| ayer, and the magnetic recotding |ayer may be
stacked in the order named from bel ow. [00161

=R R G R HE K TR TR
bt ai ned by f ' ' | . - h '
T

vacuum@mén air unless the surface of the nediumis
cont ani na éd. The heating tenperature is preferably

about 1B surtac@40Qmeds ofphe mianubafdop chtheasubstra209C,
it is possible to achieve the bal ance beéé/}eea tggS
epefeEbly WM pelapeindtnak a8 AONY) ordass in fta dRIEH BYJB-ofBY
- const ant ality. Effect of th v ' ]t
oL phbansBR aiee Gt E2pk oy @ hddnetc
p ' I ' RhA IbB G EMNstiMt sb thalt & is possible to
pgé(gﬁ@ﬂg%ﬁe%wgsﬁééﬁ%ﬁﬁ a revgrseg do?mi n 5 POSS! :
nygheatiebamagestiocitiietrdokdh maghdtihheat e pemendicalat he
WATE characteristics without |argely changing the
exnagnetig ravardinglayer i $9f praedis Yehi t hout degradi ng t he
nmass prfe)%gllﬁt ivity). Brief Description of the Draw ngs
[ 0018] - Fig. 1 is a diagramfor explaining the
confi gusald | ' qh& ShiRiralPEra e dierdbBCRFEsdEY a
di sk aci@ér gé%ﬁg&{vg%aﬁr??%ﬁgégdi rrel#lt .raFi g. %g [ {c, a di agrgym
f @iputerigaheinbd. -anmen taolapérs mre foimed paitioglatihby a DC

magnetron sputtering method, uniform fiim formation is enabled. However, in

terms of the mass productivity, it is also preferabte to use aﬁ in-line type film
forming method. _

[o012] 7

The soft magnetic layer is not particularly limited as long as it is formed ’
of a magnetic body that exhibits the soft magnetic properties and, for example,
use can -be m'ade of an Fe-based soft magnetic material such as FeTaC-based
alloy, FeTaN-based alloy, FeNi-based alioy, FeCoB-based alloy, or FeCo-based
alloy, a Go-based soft magnetié'materia! such as CoTaZr-based alloy or
CoNbZr-based alloy, an FeCo-based alloy soft magnetic haferial, or the like.

[0013] ’

Further, the soft magnetic layer preferably has as its magnetic property
a coercive force (Hc) of 0.01 to 80 oersteds and more preferably 0.01 to 50
oersteds. Further, it preferably has as its magnetic property a saturation
magnetic flux density (Bs) of 500emu/cc to 1820emu/cc.  The thickness of the

soft magnetic layer is preferably 5nm to 1000nm and more preferably 20nm to



B perpendi cul ar magnetic recording disk of Fig. 1.
Fig. 3 is a diagramshow ng changes in nagnetic
"properties due to heating in a heating step of Fig.
2. _ Fig. 4 is a diagram show ng the

rel ati onshi p between the heating tenperature and the
reversed domein nucleation magnetic field.

Fig. 5is a diagramfor explaining the configuration
of a perpendi cul ar magnetic €ecording di sk

(per pendi cul ar magnetic recordlng medi um accordlng
to a second enbodi nent. Fig. 61is

sholimg han @e%lepﬁ thﬁgd:_ﬁ@l dkarais @ CW@T@ ,lté)aeca@gs %Eﬂ cult to

"Fbir P e SRS R SR,

l %%Eetlc recording layer - soft magnetic layer, while, when it exceeds 1000nm,
there is a case where the surface roughness increases. .Further, when it
éxceeds 1000nm, there is a case where the sputtering film formation becomes
difficult.

[0014]

The magnetic recording laye'r is preferably formed of CoCrPtand a
nonmagnetic substance. The nonm'ag netic substance may be any subsiance
as long as it is a substance that can form grain boundary portions around
magnetic grains so as to suppress or block the exchange interaction between
the magnetic grains and that is a nonmagnetic substance not solid-soluble to
cobalt (Co). For example, silicon oxide (SiOx), chromium (Cr), chromium oxide
(CrO,), titanium oxide (TiOz), zirconium oxide {ZrO;), and tantalum oxide
(TazOs) can be cited as examples. The content of Si0; is preferably 3moi% to
20mol% and more preferably 5mol% to 12mol%. The thickness of the
magnetic recording layer is preferably 3nm or-more and more preferably 7nm to
15nm.

[0015]

The continuous layer is preferably formed by stacking an exchange
energy control layer in the form of alternate layers 6f CoB and Pd or Ptand a
coupling control layer made of Pd or Pt and serving to couple the exchange
energy control layer to the magnétic recording layer. However, the exchange
energy control layer is intended o improve the reversed domain nucleation
magnetic field Hn and, if Hn can bé improved, the exchange energy control

_ layer is not necessarily in the form of the multiiayer film. Further, since the

| magnetic effect does not change, the exchange energy control layer carn be

- disposed above or below the magnetic recording layer. When the exchange



4orientation control |ayer 5underlayer 6granul ar

| ayer (magnetic recording |ayer) 7continubus |.ayer
- 8nmedi um protective layer 9l ubricating |ayer
10coupling control |ayer 1llexchange energy contro

| ayer 23soft magnetic |layer 23afirst soft nmagnetic
| ayer 23bspacer | ayer 23csecond soft magnetic |ayer

7

energy control layer is formed above the magnetic recording layer, the magnetic
recording layer, the coupling control layer, and the exchange energy cbnfrot
layer may be stacked in the order named from below, while, when the exchange

- energy control layer 'is formed below the magnetic recording layer, the
exchange energy control layer, the coupling control layer, and the magnetic
recording layer may be stacked in the order named from below.

[0016] . S
The heating step is preferably carried out using a thermostatic bath
{heating system) to heat the medium obtained by forming the cantinuous layer.

' Such heating of the medium may be pérforméd gither in vacuum or in air unless
the surface of the medium is contaminated. The 'heating temperature is |
preferably about 150°C to 240°C and, particularly at about 200°C, it is possible
to achiéve the balance between the easiness of temperature control and the

assurance of constant quality.

Effect of the Invention

[0017]

According to this invention, with respect to a perpendicular magnetic
recording medium, it is possible to easily enhance a reversed domain
nucleation magnetic fie{d Hn and thus to improve the WATE characteristics
without fargely changxing the existing manufacturing process (without degradihg

the mass productivity).

Brief Description of the Drawings

[0018]

Fig. 1 is a diagram for explaining the configuration of a perpendicular
magnetic recording disk according to an embodiment.

Fig. 2 is a diagram for explaining a method of rﬁanufacturing the



9 25underl ayer 25afirst underl ayer 25bsecond
under | ayer 27onset |ayer 29auxiliary recording |ayer
Si di sk substrate formng step S3soft magnetic |ayer
form ng step 56granul ar |ayer form ng step (magnetic.
recording | ayer form ng step) 57coupling contro
| ayer form ng step.

perpendicular magnetic recording disk of Fig. 1.

Fig. 3 is a diagram showing changes in magnetic properties due to
heating in a heating step of Fig. 2. '

Fig. 4 is a diagram showing the relationship between the heating
terhperature and the reversed domain nucleation magnetic field.

Fig. 5 is a diagram for explaining the configuration of a perpendicular
magnetic récording disk (perpendicular magnetic recording medium) according
to a second embodiment.

Fig. 6 is a diagram showing changes in magnetostatic propérties due fo

heating ina heating step.

Description of Symbols

[0019]

—_

disk substrate
adhesive layer
soft magnetic layer
| orientation control layer
underlayer
granular layer {(magnetic recordlng layer}
continudus layer

medium protective layer

© W ~ & 4 W N

lubricating layer

-t
[

coupling control layer

exchange energy control layer

e
—

soft magnetic layer

[AY)
IRY

23a first soft magnetic layer
23b  spacer layer

23c  second soft magnetic layer



(continuous layer form ng step) S8exchange energy
control layer formng step (conti nuous | ayer
form ng step) 59heating step Best Mdde for Carrying
Qut the Invention [0020] [First Enbodi nent] A
first enbodi ment of a perpendicul ar magnetic

recordi ng nmedi um according to this invention wll be
described with reference to the drawings. Fig. 1 is a
di agram for expl aining the c®nfiguration of a

per pendi cul ar magnetic recordi ng di sk (perpendicul ar
magneti c recordi ng nmedi un) according to the first
efbodi mewkrlayeirg. 2 is a flowhart for explaining a
met hod of manufacturing the perpendi cul ar nagnetic

r 88dr difiig} udde’ayeEi g. 3 is a di agram show ng changes

i pn.agnetic jes due to heating in a heating
s?gtb a%?&"?-ﬁ’ EME’ZE‘%‘J a di agram show ng the

relati qahigydtet ween the heating tenperature and the
reversed domai n nucl eation magnetic field Hn.

Nager i caixiliasi reesrdgiguayeri n t he fol | owi ng enbodi nent

are onLa{ exanpl es for facilitating the understanding
oB1t hi HiskighosHete PRI & are not intended to Iinit

grﬁig‘spiep% nt%%tigﬂy%g%ﬂﬂﬁé?t% se stated. [0021]

gnhe rrecordi ng di sk shown in

Ficg. 12(5@%5‘1;5 fgrﬁhggtegubstrate 1, an adhesive

| ayer a soft magnetic layer 3, an orientation

cont r ol (Mzayetic lecomiinglagaribayiag sS®p) a granul ar | ayer
(magnetic r_'ecordi_ni_:] Iafyer) 6, a conti-nuous |ayer 7, a
m&di um puptirgeni®l BYIPTBNSSIRP a | ubricating | ayer 9.

The continuous | a 7. nposed of a coupling
cont r ol (ICPQ%OUi@%Eﬁ?@WgZS}%ﬁange energy control |ayer
1k exchange energy control layer forming step

(continuous layer forming step)

59 heating step

Best Mode for Carrying Out the Invention

| (0020] '
[First Embodiment} 7

A first embodiment of a perpendicular magnetic recording medium

according to this invention inII be described with reference to the drawings.
Fig. 1 is a diagram for explaining the configuration of a perpendicular magnetic
recording disk (perpendicufar magnetic recording medium} according to the first
embodiment, Fig. 2 is a flowchart for explaining a method of manufacturing the
perpendicular magnetic recording disk, Fig. 3is a diagram showing changes in
magnetic properties due to heating in a heating step, and Fig. 4is a diagram'
showing the relationship between the heating temperature and the reversed
domain nucleation magnetic field Hn. Numerical values given in the following

embodiment are only examples for facilitating the understanding of this



[0022] For manufacturing this perpendicul ar
magnetic recording disk, at first in a disk substrate
form ng step (31), an anorphous alum nosilicate gl ass
was nol ded into a di sk shape by direct press, thereby
produci ng a glass di sk having a dianmeter of 65mm (2.5
inches). This glass disk was ground, polished, and
chenically strengthened in sequence, thereby
obt ai ni ng the snooth nonmagnttic di sk substrate 1 in.
the formof a chem cally strengthened gl ass disk
(step Si: Described as "Si" in Fig. 2. The sanme shal
appleptitreard asf iad intgndetite fimitifia dveringimessotogrwigecstated.
mai n surface of the disk substrate 1 was neasured by
an AFM 088blni ¢ force microscope) and it was a snooth

surfaceysha iy } 2 .
e ol peppltbd Hanisdodtih 8RR sifwRin g2k Gofprises a
( HisRsubk®R33] an adhesivedaiére, asoveapiatiehyei 8.l atmtangn
apparatus, the layers fromthe adhesive layer 2 to

t enteinhyendoas uhdereyeis veegrentiler lager (nagseliprenedingayeid, a

obt ai ned di sk_substrate 1 in an Ar atnosphere a
TRRBAIGYR GE7: SMATHBIARSIVR BYEDS S DBt ayere. The

. Then,, i nt i at e. : ol :

oroptrdls ger aif eutpeoel T RiBhpl e Mo P Gonance
jqur tective | 8 f d b

g%} net”ﬁg'ﬁa@?'llgms%f. eghle:r/:af%;er th\galsub?ir(r:rgti n)é

|l ayer 9[opsag} formed by a dip coating nmethod (step 11
S11). Hereinbel ow, the structures_and,spﬁébﬁic_ _—
manuf actor naguiaeitHegibisrerpendiculansardnelie Fgcayuipg digk gt firstin
be described., [ 0024 | i Ve

b, GE75DE ehORE Yonssru iR A B Bl vas
U%@ge@deBa ?aték%}ﬁab@bg flre@Orats, tharddy prodlicindl 4 gidsd ai¥khaving
of nm By formng the adhesive |ayer 2, the

adhgisineter peeSeen2thiackissk Bhibglsatisk taamgdouride paiished, and

magnetic |ayer 3 can be inproved and, therefore it
i s:grqgmllbB@emgﬁh@mﬁ@rsﬂmwp@ew@y@ﬁﬂaﬂ%@ gwrsmopliynet i ¢

i tnelc oy G e P 3 B end s
?“.2@6'9{1 dgﬂég s1:-hdsefitdd & "BF CtigCal THSsanidenditipplyRSGingxer.).

sive layer 1s preferably set to Inmto 50nm

[ OfraBdurface roughhBsd biehs ofdin setacetof thel digikesubktratei ngast ep
(53), the soft magnetic layer 3 was fornmed using a
Comedaurechbyyar AEM @ipreip fosee BlicrasRoPhEsIt Eé#éﬁmqogy%?ﬁace

OfshSagg rEith Rmax of 3.0nm and Ra of 0.25nm. RBmax and Ra follow Japanese
Industrial Standard (.HS). |
[0023]

* Using an evacuated film forming apparatus, the layers from the
adhesive layer 2 to the continuous layer 7 were formed in sequence on the
obtained disk substrate 1 in an Ar atmosphere by— a DC magnetron sputtering
method (step S2 to step $8). Then, an intermediate prod&ct {medium)
obtained in step S8 was heated in a thermostatic bath (step S9) and then the
medium protective layer 8 was formed by a CVD method (step S10).

Thereafter, the lubricating layer 9 was formed by a dip coating method (step



[ 0026] In the orientation control |ayer
formng step (34), the orientation control |ayer 4
was formed using a Ta target so as to be an anor phous
Ta | ayer having a thickness of 3nm In the underl ayer
formng step (S5), a Ru layer having a thickness of
20nm was fornmed as the underlayer 5. The underl ayer 5
may be in the formof two | ayers nade of Ru. By

form ng Ru on the upper Iaye1 side at an Ar gas
pressure higher than that used when formng Ru on the
| ower |ayer side, the crystal orjentation can be

i 8ptov ebreiflgIaw] the structurelmndispegjiiamanaieciugye methndsioh e
step (S6), usi nfg a har.g magneti c target made of
cirePestivglayess MR 9es¢M88%npl e of a nonmagneti c

subst aﬂﬁ&z the granular layer 6 with an hcp crystal
struct (Jf | Ohm was formed. The nonnmagnetic

subst angendRahdfveanyersolnhgses (88), thermihasive tayes?2 avas

substance that 12 can formgrain boundarfy portions
afarmed usigresTiratlog tarpetsosas tadetaolislipy lyasoiolOng). o By fermaing

FALENGE LRI S T
bal t..(Co)., i i i ' ven
CORghbu 8§ 5L R RS ok P roen

( TRpird! of SsaHinaghelR 14y%r 82) As andatbadltohthenadnesive layer 2,
(%g@gg?c{:gﬁmébdgm& ?ed as@;rzxanplses. [ 0028] In the

c agplcambe coatieras] fot axampie ot Tiregtainiepmessrial. tIpéerms of
coupling control |ayer 10 s. fornmed by a.Pd | I
TREBR IS redBRkess of ipaneave oL FerRY 3 1 T o
I%er instead of the Pd | ayer. The thickness of the

c Bfﬂi'ng control layer 10 is preferably 2nm or |ess
and rmr[ﬁggg]efer ably 0.5 to 1.5nm [0029] I'n

t he exchange energy control |ayer formng step (S8),

t he exclnahgeote meaggyticlapenrfotmihagiep ($3), the sait magnatiglayer 3

- of alternately |ayered filnms of CoB and Pd S
£ orasdenmea winda CaTagaiarast 88 850 FhanOmaEs adar aygref
exchange energy control layer 11 is preferably 1 to
8 ghd nore preferably 3 to 6nm Using Pt instead of
Pd, theg@§g ange energy control layer 11 may be
y

f or med alternately lamnating CoB and Pt. [0030] _
In the orientation control layer forming step (S4), the orientation control

layer 4 was formed using' a Ta target so as to be an amorphous Ta layer having
éthickness of 3nm. In the underlayer forming step (S5), a Ru layer having a
_%hickness of 20nm was formed as the underlayer 5.  The underlayer 5 may be
in the form of iwo layers made of Ru. By forming Ru on the upper layer side at
an Ar gas pressure higher than that used when forming Ru on the lower layer
side, the crystal orientation can be improved.

[0027] 7

In the granular layer forming step (S6), using a hard mégnetic target
made of CoCrPt and SiO. as an example of a nonmagnetic substance, the
granular layer 6 with an hcp crystal structure of 10nm was formed. The

nonmagnetic substance may be any substance as long as it is a substance that



In the heating step (S9), the internedi ate product
obtai ned after the formation of the exchange energy
-control layer 11 was heated in the thernostatic bath
at a predeterm ned tenperature for a predeterm ned
time. In this event, the heating tenperature is set

to a tenperature approxi mately higher than 100C and

| ower than 250C, which is lower than that in a

general annealing treatnent Jaand is preferably set to
about 150C to 240C. [0031] R Subsequently, in

t he nedi um protective |layer formng step (8102, t he
medi (oTmgreindoung@y Ipattions 8rayad Magneiel SRS $Q @ 1o suppress of
formati.on of carbon by .the CVD nethod while .
AR A1 A0 BATASHO He oA B B A S 8

! ipﬁmaégetﬁrsﬁkﬁﬁﬁéé’ ﬁ?t! N&5oli .t@E:&?é?lC(Uoﬁ‘.g & xample, silicon
p en

icul"ar nmagnhetic recording layer from an I npact

- OfoxRe TBEE LdhforhieRtl(CriichReniumbxipen Er@Y), titaaiumooxideo(Titag,
into a filmby the CVD nmethod is inproved in film
haircovées oaisledSriphrand tantakim gde Gy-4) 628 patoited ppgxamples.
nmethod, it is possible to protect the perpendicul ar
magnet i 802%8cor di ng | ayer nore effectively against the

I mpact frpomith [ - _
| ubrica ﬂﬁ%#t&@gﬁ?@ﬁh %gp&?@g}g(%éﬁ@)’t Scﬁﬂ%’r"?é%f' ﬁ%!g'ﬁyerﬂ
. qlb%dasgfoi’fﬁéd 4 'Fﬂ%lda)fgr. PRREcdupend toriodReby e Be be fymed by
the.dip coati'ng nethod. The thickness of the

| et laydr iimsieddenidne Bdilayeabdine thinkmess @O 889 coupling conjgot lgyer

- respect to the perpendi cul ar tig.r rding disk

- melRUs Beaferally 2p( eHess @i%@B?%@g@?%’g\sb-%ﬁ?g%O@shom t he
measur epept, resul ts obtained by a Kerr effect

rreasuri@ é\]pparat us. Fig. 3 shows, as exanples, the

magnet i G yq5 QRGN 8 eneRfyHoRRE! 14)r Ptaing diep [88)! ineGxehae

and the nagnetic properties obtained not through the
heletgy:optredaydredtis imgthe éorpest altamatalnlayéredtidas piigoB and Pd
step: 200C). As is clear fromthe sanme fi %%Jr e, t ne

s langlevast foanes atalowdhrgas SEgSsHER: o ribe tipiNess Pf i exchange
~applyin he heat .tr , 1

el Pl PPN Bl o

H 855 PIMRSich@bBPA, thE @Relnge energy control layer 11 may be formed by
. alternately Iaminating CoB and Pt. -

[0030]

In the heating step (S9), the intermediate product obtained after the
formation of the exchange energy control Jayer 11 was heated in the _
thermostatic bath at a predetermined temperature for a predetermined time.  in
this event, the heating temperature is set to a temperature approximately higher
than 100°C and lower than 250°C, which is lower than that in a general
annealing treatment, and is preferably set to about 150°C to 240°C.

[0031] |

Subsequently, in the medium protective layer forming step (S10), the

medium protective layer 8 was formed by film formation of carbon by the CVD

method while maintaining a vacuum. The medium protective layer 8 is a



Fig. 4 shows, in the formof a graph, the

rel ati onshi p between the heating tenperature and the
reversed domdi n nucl eation magnetic field Hn by

changi ng the heating tenperature from50C to 250C

using the . thernostatic bath. As shown in the figure,

it is seen that the value of Hn exhibits the heating

t enper at ure dependence and is largely inproved when

the heating tenperature is abbut 150C to 240C,

particul arly around 230C. Since the value of Hn is

rapi dly reduced when the heating tenperature exceeds

2 peulzctive: layey fdyeretectingdhe eetpepdiculphmagnats resorgdiogilaxer Kgm

t he bal ance between the easiness of 14 t

C ORUPEAC 248 MARDSHE DA U TLGNE A oL My fim by
‘manu t. r. ' [ I NG| [ y . -
SOrs B PR EoR BRRRS <Rl i ARARGS & SRfRE) A TRebAte

[ 3B3Rring method,t i @séibleagpiotert frig mirp@dmidreaynetit resording
heating step was perforned i medi ately after form ng

t heyee xona aifiectiealy ragpinstihe iropadt fpevthe magretiebead. not
limted to this sequence, the sanme effect can be

obt ai nel¥0B3l appl ying the heat treatment after formng

L e RS 450 i B O8] B R 0l ettas

9, or o ong or mat on o

t a¥ Qip cohti d. [ Sacamickness
Eggrggéﬁhm% @RATGYopphRtHe?) byl 1Y @ip dobting GRB. [

ment | second enbodi nent of a
peif frendbrinakiag layegfdd alout éomr di ng medi um according to
~this invention will be described with reference to

the dralPBdls. Fig. 5 is a diagramfor ‘explaining the

. > o b
Gk (pRbesthett B RaRadlcft: RegPRIEb by ¢! "0
: a%&fﬁé&&eﬂ%ﬁl‘i@fcﬁ@ﬁ&ﬁ@stﬁﬁ@%. eyhowa Msh MicBsurBmiefit @sults

di'agram sho g chahges 1 n nmagnetostatic properties
dumtdised®p4 Keg difecembastring gppartus. Thig. 8 shewsyasaxamples,

are assigned to those portions of which description .

ovee magseticpiopaties Rbiaingd st aly theihealing fise §nAdhg Magnetic

t hpercr)p?ebr?{esoégtgitnjeg fof t)t(w%uagﬂ%é Rgatltna%Eeepo(ﬁeat&r%%%erature in the
heating step: 200°C). As is clear from the same figure, the slope of a

' hystefesis’ loop becomes steeper by applying the heat treatment, so that the

absolute value of a reversed domain nucleation magnetic field Hn becomes
larger. '
[0034]

-Fig. 4 shows, in the form of a graph, the relationship between the
heating temperature and the reversed domain nucleation magnetic field Hn by
changing the heating temperature from 50°C to 250°C using the thermostatic
bath. As shown in the figure, it is seen that the value of Hn exhibits the 'heating
temperature dependence and is largely improved when the heating temperature
is about 150°C to 240°C, particularly around 230°C.  Since the value of Hn is
rapidly reduced when the heating temperature exceeds 230°C, it may be very

effective, in terms of achieving the balance between the easiness of -



The perpendi cul ar magnetic recording,disk’shomn in

- Fig. 5 conprises a disk substrate 1, a soft magnetic

| ayer 23, an orientation control |ayer 4, an
~under | ayer 25, an onset |ayer 27, a granular |ayer 6
(magnetic recording |layer), an auxiliary recording

| ayer 29, a nedium protective |ayer 8, and a

| ubricating layer 9. [0038] The soft magnetic |ayer
23 is formed by interposing H‘nonnagnetic 15 spacer

| ayer 23b between a first soft nagnetic |ayer 23a and
a second soft magnetic |ayer 23c so as to have AFC -
( aerhpdreturecoramphand theeaasheange otennslanhgyalityit mapyiagture
configuration, magnetizatio irectigns of. the first
s GetPeRtigHar F@GF%%PC%H’H‘WH%‘E}% gx seting gﬁsh%'aﬂ Jemperatiire to
I can be aligned antiparallel to each other with
h?éﬁ&%%%ﬁ?%cy, so that it is possible to reduce noise
gener atgfadyr om t he soft magnetic layer 23.
‘Specificall'y, the conposition of the first soft

magnet i o thajceegdtaiimhembbdiment thechesting siepgvas pasfarmper
23c can be CoTaZr, (cobalt-tantal um zirconiu

Comamaiely Bl ApTTING B1P.CEAEME RO CIHPLRYE The However, not

conpositjon of the .S F i

( RAR 1 (o oty BERE eli@ian BERpienedt by appiving the hoat
lfﬁé%fméhtfé]?tér f%rrfl#tg%é RiRdRin ProRiched l'a?& 8 hiee R@titating layer 9, or
magneti c layer 23 and a function of facilitating
aldrggrmend aofont e afier tetfatmalion of therexshangegeneirgscasiirol lager
under |l ayer .25. The orientation control |ayer 4 can be

a Mayer of Pt (plati.nun), MN (nickel-tungsten), or

Ni Cr (n{ %gll -chromium having an fcc structure.

[ 0040] 0 The underl ayer 25 has a two-1|ayer

st rEnbRfiGeRfy RU. By formng a second underiayer
2 %Bg&nnldtlﬁg uppgrﬁl ayer side at an Ar gas pressure

hi gher ARasordd@rhbogimenidferpdrpemdicutar mdgnetc renodéng sedium

25a on the lower |ayer side, the crystal orientation

aratcoldingde this inveatiorowill begieseibedyyity reterence tdhe) raminas,

! alyig.rS ig aC [Qgrgr% f%ir gypllatlir%?is ?I%Jesclzc}/nﬁigtm{igrx/ gfd da perpendicular magnetic
recording disk {perpendicular magnetic recording medium) according to the
second embodiment and Fig. 6 is a diagram showing changes in magnetostatic '
properties due to heating in a heating step. The same symbols are assigned

to those portions of which description overlaps that of the foregoing first
embodiment, thereby Qﬁlitting explanatio‘h thereof.
t0037] '
The perpéndicular magnetic recording disk shown in Fig. 5 comprises a
disk substrate 1, a soft magnetic layer 23, an orientation control layer 4, an
underlayér 25, an onset layer 27, & granu[ar layer 6 (mag-netic recording layer),

an auxiliary recording layer 29, a medium protecti\-ze Iayér 8, and a lubricating
layer 9.
[0038]

The soft magnetic layer 23 is formed by interposing a nonmagnetic



[ 0041] The onset. | ayer 27 is a nonmagnetic
granul ar 1ayer. By form ng the nonnmagnetic granul ar

| ayer on an hcp crystal structure of the underl ayer
25 and grow ng the granular [ayer 6 thereon, the
nonmagneti c granul ar | ayer has a function of
separating the magnetic granular layer 6 from an
initial stage (buildup). The conposition of the onset
llayer 27 is nonmagnetic CoCrRu-Si 02 (8i02: silicon
oxide). 16 [0042] Using a hard nmagneti ¢ target
made of CoCrPt (cobalt-chrom umplatinun) and

t et layenadtdestyEe0 2 )ird ebfi gragnatiniaey e andsgRroad 68ft

the granular layer 6 with an &gg c?%%tatk St Lucture i
weRgheniarer 436643 10 have Afrfydaniigye- pe CRAG aql%coup ing).
~ layer, 29 (gontinuqus | i i L .

| UGt Gk kg0 Bk} e ok b
pﬁﬁc{g HalCUh@EofRAGREN Clafét c%ﬁ%’é%\!}\?med Aeabyef oreatn othen
exchange energy control layer. Wth this '
C @ith ih?hféﬁ:hmﬂy, dortharitlistpoesibledo retkicaingise generaiad from the soft
recordi ng characteristics and the | own

c magacioRyet % o Sppciipalyghasamapsiior g irsf poft magnetic layer
i bl t dd hjigh th : tAd i st
b 235 nao s sacpas o Haghdid B SrrtahgR B o0 SLaTe
PR AEd At i | Tposi tion
O et AL Aobnfuft) o EorgTazYEsoatihotafialiPkRonium). - The

t REmbBsifiEt bliRe @padeitayen2Bh istiy {ruteniuai)ng | ayer 29 was
heated in a thernostatic bath at a predeterm ned
t enper aP0B8¥ for a predeternmined tine. In this event,

Ll ey R i 05k 4 b e

{ABSLE LSRR o oA g segtparion o

24:%{ai grains of the underlayer 25. The orientation control fayer 4canbea
layer of Pt {platinum), NiW {nickel-tungsten), or NiCr {nickei-chramium) having
an fcc structure.

[0040]

The underlayer 25 has a twa-layer structure made of Ru. By forming a
second underiayer 25b on the upper layer side at an Ar gas pressure higher
than that used when forming a first underlayer 25a an the lower layer side, the
crystal orientation and the separation of magneﬁc grains of the granular layer 6 -
can be simultaneously imbroved. '

[0041]

The onset layer 27 is a nonmagnetic’: granutar layer. By forming the
nonmagnetic granular layer on an hep crystal structure of the underlayer 25 and
growing the granular layer 6 thereon, the nonmagnetic granular layer has a
function of separating the magnetic granular layer 6 from an initial stage

(buildup). The composition of the onset layer 27 is nonmagnetic CoCrRu-Si0O;

(SiQ,: siticon oxide).



[ 0045] Like in the foregoing first enbodi nent,
the nmedi.um protective layer 8 and the |lubricating
| ayer ‘9 were forned on the auxiliary recording | ayer
29. Through the manufacturing steps descri bed above,
t he perpendi cul ar magnetic recordi ng nmedi um was
obt ai ned. [0046] - The magnetostatic properties
of the obtai ned perpendi cul ar. magnetic recordi ng di sk
were eval uated using a Pol ar'®err effect measuring
apparatus. The results thereof are shown in Fig. 6
and Table 1. In Fig. 6 and Table 1, 17 Heat
Treat nd0042} as an Exanpl e represents a case subjected
nt 2 as.an

to a heating step at 210C, Heat [Treat _
Exanpléu$@bP@§6hgggﬁaEﬁ§@9EWB %Eiéﬁe#%ea heating step
b A ) FT8ESE bt oo pinagoor
Sts8Rstahdd, iHieyrhh@bF lBy@Blwitthen habbgstalRrictureavastiedsed.
(representing the intensity of a magnetic field).
[ Tabl e [@p43]Hc [0e] Hn
The auxiliary recording layer 29 (continuous layer) is a thin film tormed
~onthe granular layer 6 and exhibiting a high perpendicular magnetlic anisotropy,
thereby forminé an exchange energy control fayer. With this configuration, in
addition to the high-density recording‘ characteristics and the low-noise
" characteristics of the granular layer 6, it is possible to add high thermal
. fluctuation resistance of the auxiliary recording layer 29.  The composition of
the auxiliary recording layer 29 is CoCrPtB.

[0044]

An intermediate product obtained after the formation of the auxiliary
recording layer 29 was heated in a thermostatic bath ata predetermined
temperature for a predetermined time.  In this event, the heating temperature is
settoa temperat‘ure approximately higher than 100°C and fower than 250°C,

, which is lower than that in a general annealing treatment, and is preferably set
to about 150°C to 240°C.

[0045]

Like in the foregoing first embodiment, the medium protective layer 8
and the lubricating layer 9 were formed on the auxiliary recording layer 29.
Through the manufacturing steps described above, the perpendicular magnetic

' récording medium was obtained. '
[0046] _
The mégnetostatic properties of {he cbtained perpendicul_ar magnetic

recording disk were evaluated using a Polar Kerr effect measuring apparatus.

The results thereof are shdwn in Fig. 6 and Table 1. 1In Fig. 6 and Table 1,



[Ce] No Heat Treatnent 6046 -1484 Heat Treatnent 1
6089 -1528 Heat Treatnent 2 5143 -2677 [0047]

17

Heat Treatment 1 as an Example represents a case subjected {o a healing step
at 210°C, HeatATreatment 2 as an Example represents a case subjected to é
heating step at 240°C, and No Heat Treatment as a Comparative Example
represents a case subjected to no heating step. In the figure and the table, Oe

is persteds (representing the intensity of a magnetic field).

[Table 1]
He Hn
[Oe] [Oe]
No Heat Treatment 6046 -1484
Heat Treatment 1 6089 -1528
" Heat Treatment 2 5143 2677
[0047]

As is clear from Fig. 6 and Table 1, the slope of a hysteresis loop
becomes steeper by applying the heat treatment, so that the absolute value of a
reversed domain nucleation magnetic field Hn becomes larger. | As shown, it is
seen that the value of Hn exhibits the heating temperature dependence and is
slightly improved by raising the heating temperature from No Heat Treatment to
Heat Treatment 1 and is largely imprOvéd by further raising the heating
temperature fo Heat Treatment 2.

- [0048]

As described above, according to this invention, it is possible to easily
enhance the reversed domain nucleation magnetic field Hn and thus to improve
the WATE characteristics without largely changing the existing manufacturing

process (without degrading the mass productivity).

Industrial Applicability
{0049]



As is clear fromFig. 6 and Table 1, the slope of a
hysteresi s |l.oop becones steeper by applying the heat
treatnent, 'so that the absol ute value of a reversed
domai n nucl eation magnetic field Hn becones | arger.
As shown, it is seen that the value of Hn exhibits

t he heating tenperature dependence and is slightly
i-mproved by raising the heating tenperature from No
Heat Treatnment to Heat Treath®nt 1 and is largely

i nproved by further raising the heating tenperature
to Heat Treatnent 2. [0048] As descri bed
above, s mvehtitg dam Behiised asvemethod, of iManufacpemgidl e t o
easi |y enhance the reversed domajn nucl eation
nmpgrenticuler slagnelic reaerdingusediumi adapisddo PRENgARTed in a
characterjstics wthout |argelw changing the existing
bR(RECHr maopetiiessrting FREEPOAIPAEAS (he mase
productivity). Industrial Applicability [0049] 18
This invention can be used as a net hod of
manuf-acturing a perpendi cul ar nmagneti c recordi ng
medi um adapted to be nmounted in a perpendicul ar
magneti c recording type HOD or the like. 19 CLAI M
1. A perpendicul ar magnetic recordi ng nmedi um
manuf act uri ng net hod characteri zed by conpri sing



a soft magnetic layer form ng step of formng a soft
magnetic | ayer over a su%t rate, a magnetic
recording layer form ng step of form ng a magnetic
recording | ayer having a granul ar structure nade of
an oxide and an alloy ifelpei ng at |east cobalt as an
upper |ayer of said soft magnetic |ayer, an
exchange energy control layer formng step of form ng
an exchange energy control |ayer having a .
1Pek pg@ﬂjéﬁéﬂi@ﬂaﬂ&ﬁﬁ?ﬁétﬁ: astsaling pyedisinan maspéacturyermethod
or a lower |ayer of said magnetic recording |ayer,
charactesimdd by comprgsingat i ng step of heating a medi um
obt ai ned by form ng said exchange energy controiﬂ
al sufe mdgmesiai ldyeix &naning stéare PhYOEHRY raorﬁoﬁd?éﬂn?fb“r Yfgf over a
step, for inproving a value of a reversed domain
substral@yc| eati on magnetic field, said heating step is
performed in_ a tenperat.ure,ran ‘ ; i
a_znagnqi@rr&éﬁm'%ﬁaa’ref Grigy SER 8cor”ﬁ!¢”ﬁé§ ?r'e%oér%r%'%ggordmi l?tyer
: | df ag enidei a1l A abdyineiuding at least cobalt as
having aﬁéﬁg%‘%%ﬁiﬁlggﬁe?ﬁ&%at said substrate is a gl ass.
an uppeBlayAr pesaidrdifcmbgnetiaiayet.i ¢ recor di ng medi um
manuf act.uri ng nmethod according to claiml,
aGhasarirgrl zadrdyn contbl sayed foomingnsteretalciarayRg ars exchange

energy &&rgtigygfr gSQmE%E%ﬁ}%%g?ﬁgrép”ggﬁé}cgé’mg@@é}% agglgggr layer or
a lower %&!ﬂogf %ﬂéwéﬁﬂ%}@ feGofBhe [dyal,-and 4. A

Fpendi cu magneti ¢ Tecordi ng medi um manuf act uri ng

t hod according | & Rafiasd & Ffthing saiditexchange
agg‘?%'qgaﬁﬁeeq iog E%%:%‘ d%ngie:aa%’r %Pgel"la ferylr omagin%t ic
energy lcaMebl Qhyar @t asuitiaexstanget energyormoaiel gy@odpmRingngtep, for

. an oxi de. 5. A perpendi.cul C. .
vt b eerseRitnie DR Ao LB g e v

is perforfi ﬂW%qr@@%‘%ﬁ%ﬂ?bé@@f HBotthas 2883l exchange ener gy

contro med of alternate |l ayers of a
Co- based alloy and Pd or Pt. 20

2. A perpendicular magnetic recording medium manufacturing method

according to claim 1, characterized in that said substrate is a glass.

3. A perpendicular magnetic recording medium manufacturing method
according to claim 1, characterized in that said soft magnetic layer is formed of an
Fe-based soft magnetic material, a Co-based soft magnetic material, or an FeCo-

~ based alloy soft magnetic material.

4. A perpendicular magnetic recording medium manufacturing method
- according to claim 1, characterized in that .said magnetic recording layer is a

ferromagnetic layer of a granular structure containing CoCrPt and an oxide.

5 A perpendicuEar magnetic recording medium manufacturing method
according to claim 1, characterized in that said exchange energy control layer is

formed of alternate layers of a Co-based alloy and Pd or Pt.



6. A perpendi cul ar magnetic recordi ng nedi um

manuf acturing nmet hod according to claim1,
characterized in that salgjexchange ener gy contro

| ayer is a single |layer nmade of a magnetic materi al
mai nly containing a CoCrPt-based all oy. 7. A
per pendi cul ar magneti c recordi ng nmedi um manuf act uri ng

nmet hod according to claim1, charact.erized @%ﬁ{u rther [ ethod
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STRACT [Abstract] [Object] To provide a
" manufacturing nethod that can easily enhance a
reversed domai n nucl eati on nagnetic field of a
7megn %h?er{of?&géfj' ha¥er rddbrainge rsdidint Uhanufaegmeti cnethod
recordi'ng nmedi um |ng, over a substrate, a soft
acconﬂﬂ@%@ﬂﬂ@nﬁ1jdyﬂac&ﬂh@dd&@h@mﬁéCD%@@ﬁWGng | ayer having a
granul ar structure, and a continuous |ayer having a
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endi cul ar magnetic recordi,ng nedi um ma c
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a soft magnetic |layer formng step- of
rnagneh?%?ﬁﬂﬁgﬂﬂagggt magneti c | ayer over a substrate, a
magnetic recording |ayer formng step of formng a
magnetic recording | ayer having a granul ar structure
as an upper |layer of the soft magnetic |ayer, a -
continuous layer forming step of form ng a continuous
| ayer having a perpendi cul ar nmagneti c ani sotropy as
an upper layer or a |lower |ayer of the magnetic:
recording |layer, and a heating step of heating a
medi um obtained by form ng the continuous |ayer in |
the continuous |ayer form ng step, for inproving a -
val ue of a reversed. domai n nucl eati on magnetic field.
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ABSTRACT

[Abstract] _ _

[Object] To provide a manufacturing method that can easily enhance a
reversed domain nucleation magnetic field of a magnetic recording layer in a
perpendicular magnetic recording medium having, over a substrate, a soft
magnetic fayer, the magnetic recording layer héving a granutar structure; and a
continuous lé{yer having a high perpendicular magnetic anisotropy.

[Solution] A perpendicular magnetic recording medium manufacturing method
according to this inventioh is characterized by including a soft magnetic layer
forming step of forming a soft magnetic layer over a substrate, a magnetic
recording layer forming step of forming a magnetic recording layer having a
granular structure as an upper layer of the soft magnetic layer, a continuous
layer forming.step of forming a continuous layer having a perpendicular
magnetic anisotropy as an upper layer or a lower layer of the magnetic
recording layer, and a heating step of heating a medium, obtained by forming
the continuous layer in the continuous layer forming step, for improving a value

of a reversed domain nucleation magnetic field.



