DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
AND METHOD OF MANUFACTURI NG THE SAME Technical Field
[ 0001] The present invention relates to a

per pendi cul ar magnetic recording nmediumthat is

| oaded on, for exanple, an HDD (hard disk drive)
usi ng a perpendi cul ar magnetic recordi ng system and
also relates to a nethod of manufacturing the medi um
Background Art [0002] I n accordance with the
recent increasing storageSEAPRAION in i nformation
processing, various types of information recording

t echnol ogi es have been devel oped. In particular, the

> or ErEFERlAR. 85 Mabhehe Rr R RNG MEo TS bS,
ber pendi out METHSR AP RARUFACTURINEE TR SAFE oo

and the like al so have been required to have an
i nformati on recording capacity of larger than 100 GB
TRHnicHI $Helg! N order to satisfy such a requirenment, it
IS necessary to achieve an information recoding
[ogenpi ty of higher than 150 Goits per square inch.
[ 0003] In orCer to achieve a high recording
denslheypiasent ineepionl relatesriorsaperpendiculze onatinedicdiesérding
used in an HOD or the like, it has been necessary to
mediue éhathe lasided ait, fer 9xamplei ae HiRIgribaiddipladrive] esing a
constjtuting a magnetic recording |ayer for recordin
PerResdishiar sragnalicapsoidieo sysiam %mgalm relates iea meibad o

t he t hi ckness  of.
manufac ur?ng fhe medium.

Background Art
[0002] | |

[n accordance with the recent increésing stbrage capacity in fn-formation
processing, various types of information recording technologies have been -
developed. In particular, the surface recording density of an HDD using a
magnetic recording technology has been increasing at an-annual rate of about
100%. Recently, 2.5-inch-diameter perpendicular magnetic recording disks
used in HDDs ahd the like also have been required to have an information
recording capacity of larger than 100 GB per disk. [n order to satisfy such a
reqﬁirement, it is necessary to achieve an information recoding density of higher
than 150 Gbits per square inch.
[0003]

In order to achieve a high recording density in a perpenaicula; magnetic
recording disk used in an HDD or the like, it has been necessary to reduce the
size of crystalline magnetic particles constituting a magnetic recording layer for

recording information signals and simultaneously to decrease the thickness of



the |l ayer. However, in a case of a magnetic disk of .a
conventionally comrercialized in-plane nmagnetic
recordi ng system (also called a | ongitudinal magnetic
recording systemor a horizontal magnetic recording
systen), as a result of the ﬁrogress in the size
reduction of crystalline maghetic particles, thernal
stability of recorded signals is deteriorated by the
super par amagnet i ¢ phenonenon. Thi s causes a so-call ed
thehlayem! Howetarain anagphehameagreticdishotéh CDh‘eerrt'@cmiMed
signal s are erased. Thus, the reduction in size
C@mmralallzeﬁélmﬂgnewmwm reepEingh axstedeldlse ¢alletdsr lomaudmai
inhibhits an, increase in recarq densi t t he
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magneti c recor ayer 1s a jUSte so as to

wﬁrdhemb%@&dba diditalsbfestdsed. PahpeNtieGabiaktidringsize of
surface of a substrate, unlike the case of the

crystailiren@agpaiepaticlesdgibegn ayattenthat irehilpies ae inbreadain
magneti c recordi ng system can suppress the thernal

recbuding alensity phireamragoeticdispar ddotder theolve ine inhdbitory factor
recording systemand is therefore suitable for

probéﬁrea@cragtly remagoetiel idis Qfeaweewm [colgspagnetic regording
addi tj on, ccordance wit n increase in, the

Syske®r (REtR qt@%rdwagﬂ@tlfamﬂwg )RBEHEan ieRpL.

0 ﬁaﬁrdlng density (BPlI: bit per inch) in the

[9 unferential direction and the track recording

or o e phidenddoRBhelid fihort et thelaxs 861"
m Fgaéﬁﬁaﬁloﬁ%ftd‘ﬁaﬁh%% ?édd?dmg |Q?élr lg‘ﬂdélﬂstécﬂ‘ 80 @isSb %C@nentated in

gnetic spaci etweenthe magnetic [ayer of
th@&ﬂf@@hbﬁ pérséndiadat tea Fsaﬁgeé lohe/sueptraty ahiilenirel mf the in-
a magnetic head has been investigated. It is:
plaaeemgr)etrd:erecomhg bydtetrhe THeypapehdicglar nodgresticargoertding
head be 10 nmor less. 3 [0006] As one of
systemhroanos)ippsesothet thesmakluguaiipn pkentgeren compataciyp, the in-
a DFH (dynam c flying heidht) head has been proposed.
PlaRe reeording sisiem andiggheraferenadigblesion inaraasing the recording
%ﬁﬁanded by i nducing heat in a magnetic head el enent
ng the operation of the elenent so as to slightly
[0@ gLrude in the ABS (air bearing surface) direction.
9 oi ng so, the distance between the magnetic head

and I '&%dﬂﬁﬂagf é&co%lﬁ#c ﬁ@dc@%d'l ﬂ?re%‘%e |Hfﬁ’ie Frﬁ’(?rmahon

gnetic can COHS

reBBFdl g@ﬁglﬂﬁ‘tﬂo‘f'h AL YT reEQrQ@r?d denS|ty (EFQ bit t per inch) in the

per pendi cul’ar magnetic recording di sk
cifefhfereriizp REtticitah@yes trhek r@mﬁmgtdemny I(fBP[S tiatR@er @ich) in
a magnetic recording |ayer from being danaged when
thehediahdirettion fveagrosviag bieadilyt hFutieemeonee adéchricdogy for
magneti c recordi ng disk. The nedi um protecting |ayer
. intreasigathess/Horatiovwsr raraowingdbe, distasce (magoetia spackwa)Hbetween
hi gh degree of hardness due to a carbgn coating
theuhagreticdager oina swanelisdisihd w m%tqu@ng/é%pgucmﬂ glement of

ahmafd ?ué%%%ﬁfr@grﬁéﬁrz%gsggg%? ar a0, 2nd =9l L8301 ES fying
E hnol ogy f g
e etk Peafmes SR Br KRS T by a v

(chen1ca| vapor deposition) nethod is disclosed (for
exanpl e, Patent Docunent 2). Furthernore, a

technol ogy for enhancing durability of a

medi um protecting |ayer is disclosed (for exanple,
Pat ent Docunent 3).



[ 0008] ' Incidentally, in the perpendicul ar
magneti c recordi ng system a singlepol e-type
per pendi cul ar head is enployed to generate a magnetic
field in the direction perpendicular |o the magnetic
recording | ayer, as descri bed above. However, since
the magnetic flux enmerging frfoma single-pole end is
prone to pronptly return to a return nmagnetic pole on
the opposite side, a magnetic field with a sufficient
[G00Bénsity cannot be applied to the nagnetic recording
e

| ayer by 4 using only the single-pole-type .
per p%ﬁ@pglﬂf aecfg@imlesr?wrth%r@uwg dr_nﬁaalﬁm %a(}"?gbél;] DFH
BBl B g TS P ar S e, SBfeanetic
BB B el e L REREDY Bt U S Gel g curing
tﬁ@a%rgtiF%gBQiQélgﬂférh %Rte% Otgrét‘ﬁggﬁﬂ_? Bgdtt'@%iﬁgﬁ% gﬂyﬁ@ (air bearing
s HileRfoh NEBY GO §51GRe RiistaRtd BeftietfihleSnadidic head and
no e n‘gl e, t he

for exa atent Docunment 4). Int

tHeerﬁﬁpﬁéﬁkgMisk_tiQ EofipblledBI IR tife hRypiletit headRahad@dtdmiyand
two 'ayers with a spacer |ayer such that the

sidbiyeibt withs mdrrovagnaegrictistspacirgr.e parallel to.the
per pendi cul ar magnetic recordi ng di sk surface and are

[009Fbsite to each other, that is, to forma so-called

AFC (antiferromagnetic exchange coupling) structure.,

Thi sTfisr Bemensliouid Hagueliceiecerdno Aiskdias abirdivadgetadting
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TR e &t on I'ayer "I's di spose cyn t%e .

i.éT.?Q!déﬁtiH? QA hith ek df Hardiitstdiid #a EBfon coating.

nmedi um protecting | ayer and the magnetic head from

Flhieereic@@hirodorh b ensaignepiotedidgd aydise bbikdiiardadiamont ke bonds
is formed by, for exanple, applying and sintering
ofpearbboand gudl graphite bohBabé narkioocanegpresant (for example, Patent

JP- A- H10- 11734 [ Pat ent Docunent 2] JP- A-2006- 114182
Dpeament 1Dodo ticgy, axpchnglogy farquedacing a diamond-like bond

protection film by a CVD (chemical vapor deposition) method is disclosed (for
example, Patent Document 2). Furthermore, a technology for enhancing
durability of a medium-protecting layer is disclosed (for example, Patent
Document 3).

- [0008]

Incidentally, in the perpendicular magnetic recording system, a single-
pole-type perpendicular head is employed to generate a magnetic field in the
direction perpendicutar {o the magnetic recording layer, as described above. "
However, since the magnetic flux emerging from a single-pole end is prone to
prdmptl.y return to a return maghetic pole on the opposite side, a magnetic field

with a sufficient intensity cannot be applied to the magnetic recording layer by



[ Pat ent Docunent 4] JP-A-2002-358618 Di scl osure of

I nvention Problens to be Solved by the Invention 5

[ 0011] In order to achieve the above-descri bed
magnetic spacing of, for exanple, 10 nmor |ess, the

medi um protecting | ayer of aqgerpendicular magneti c
recording disk is required to reduce the thickness
thereof to 3 nmor |ess. However, a sinple reduction

-~ ighg bety thé slRSpoff-tybBDHBSHdIENIRF IR RE T | TireFE! a soft magnetic
causes deterioration in the durability, such as wear :
lagsiis peovidechnddenmpaahagesticsicanaiing Riyet bethe pe\?)endicular
di um protecting |ayer itself. [0012 arious

megrsidsetomiigdiskrand ibeised disumpathdbetitd maghayeiuwhavEhis
been conventionally known. However, since the

neRikesol pegsibleftotapplc o peararidicidar dreatitiompaognalist fiakd with a high
layers is insufficient, in a perpendicular magnetic
inteBgihioige dnagnelisprecatdiag vegn LUL (1 oad unl oad)

$ em an inpact when a magnetic recording head is
[ ed on the perpendi cul ar magneti c recordi ng di sk

oo Brau X ncd RS Bl b EcRReiS o sk aoig s o
FioBh3Rr SRaftpid, CARNPESE MRALE IERGETEHOIH I soft magnetic
4

Jor iR afRsRid Res 1dvER ﬁﬁg%ﬁg&magegi@ggﬁméﬁ tReafedtdns of

brought 1 nto contact 'wth net i

nagmetiegidrpgrd d@m@ﬂlen@ttﬁé ip@rparaiicligr lmlaﬁhéﬂc HSEORYing sk surface
- magnetic head if the bonding strength of the
ahdlare opposite fcagach othelr awat idstocaformsubb-catlde AfRggnet i ¢
head is covered with the picked up material. This may
(ardilwreomaguetic exehdngd cauptingpstrigiret. | yrhis ptavents the occurrence
henonenon due to unstable flying height of the o
Ohaiy REPFROWRERINEHE demgin 0 & harizeatsl dirgctinndindhe sef magnetic

43 B 1, BeFrrnGa G BRI RPIER UG NBR IRERRAARGNoHe Tux in
BBl PR AR o Ph i o R el e
magnetic domain. ' ,
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Furtherrhore, a lubrication layer is disposed on the medium-protecting
layer for protecting the medium-protecting layer and the magnetic head from the

~ crash of the magnetic_‘head. The lubrication Iaye_r is formed by, for example,

applying and sintering perfluorb polyether.

[Patent Document 1] JP-A-H10-11734

[Patent Document 2] JP-A-2006-114182

[Patent Document 3] JP-A-2005-149553

" [Patent Document 4] JP-A-2002-358618 .

Disclosure of Invention

Problems to be Solved by the Invention



In al so the above-nentioned Patent Docunent 3, a
t echnol ogy for enhancing the durability of such a
medi um protecting | ayer is described. However, no
specific method for solving the problemof high fly
wite or reducing the thickness of the
medi um protecting layer to 3 nmor |less are
nmenti oned. [0015] In addition, corrosion is one
ﬁ@1problens conventionally involved in magnetic

dia. The corrosion is a phenonenon, typically, in

Whi Ch GrdBBtRACIFECE tRSasGRabEsdrBRY mﬁgzﬁ’étﬁ%;ﬁcﬁ@ &¢ for example,

froma |l ower |ayer and torrrs an oxi dé thereof on
Hunfreergesf, thé endaidinyfoRicding daydrdbflaay@bendibgla afdpstien
erases the data recorded at the position where the
recordiryj disk i mauired tendducantheohitkness theradttto Janmay less.
flying height of the magnetic head, causes crash
Hewevarea sinpleltegustiarbinghe éhiekegss ofiihe ntediumrprotactingdayer
di sk drive. [0016 _.The present inventors have
Eyaas detatioralianisy e duriily; §aeh aswegr resistanag anddmpact
r.opl ens d have found that heat ireatnment of a
rﬁﬁ‘aﬁ’é‘ﬁ’co‘ﬁgﬁéFeﬁg'Hﬂ‘EHT‘E?@lrlga]@W'b'it%alé he formation of a
[ﬁ@gé]um protecting |layer changes the properties of the
fum protecting layer fornmed i medi ately after the

oy er/ 2iout PRI R 185G o Mediiif Bt R Belyp e
cfah@er'i‘tﬁﬁiali? KRB NHowdRr Ranek ik §LtH%iB"I B t‘{"‘ltE (%‘)Pventional

ubrication layer 1s affected by the anoun
nhedit@geatddling ey Srtie MEREicigit! g effenttRilar magnetic recording
medi umprotecting layer, and the nunber ratio (NC
disk apgaraigerof ahdosl dodd cafdzel) sybiens, dminiget adlcaramsignetic
surface of the nmediumprotecting |ayer depends on a
regudige haadns toadpshom Henpegeadiiular rsagrfieterecorbngrdisk causes
| ayer. Therefore, durability, such as wear resistance

ahaht sgsateh qrdbedikamadhe prerperdiaglar magsebe secardiggl dister This
can be enhanced by increasjing the dianpnd-I|ike bonds

B2 PRD TR EY Ay GAec g SePIHERS BB bof or ot he
[6Cﬁr tion of the Mediumprotecting |ayer. This makes

| :ﬁssi ble to inhibit the occurrence of corrosion.
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whB8 nggablidRb4A & budRRlhtd SohfRt wﬁﬁd'?mttaﬁﬁetic disk, a lubrication

antiferromagneti c coupling strengt e upper
lalybe el nbayPbé el P 5P ae thdgheBO hichdlifahb Pontimefdhgth of

other is reduced by heating to a high tenperaturég,
thendbficatiinl Izyert isdoWunskizoresast, tHeemAgietid head Iy covieved Wéth the

lost. If the AFC structure of the soft magnetic |ayer
pickedioptmalpddl. nldiis edy eansehreadofmiterfagiteeor @ highyféy wiite

i ncreased, resulting in a difficulty in the _
PhRiMIresRGRALe & uastaibg,hﬂxﬂ@@ betgh @f thanaiagyetic bead] The high fly
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[06¢ ced to 3 nmor less, by preventing the pick up of
a l'ubrication | ayer material to the magnetic head and

to i alodfedbiRENAEnfEndRPHIcH DHCLREN ¥C B 18cKRAGGHIdRY

medi um
enhancing the durability of such a medium-protecting layer is described.



Means for Sol ving the Problens [0019] In a
first aspect of the invention, there is provided a

per pendi cul ar magnetic recordi ng nmedi um conprising a
magneti c recording |layer on a substrate, and a

medi um protecting |layer on tHe magnetic recording

| ayer, wherein the magnetic recording layer is a
ferromagnetic | ayer of a granular structure having

b . _ ' o .

R P oA bRy B DR TR R or
rafdcing Mathdkm@salof kea pledn@Rarbiectiad layeP® 3 nm or less are
nedlun}prptectlng | ayer is conposed of a coating t hat
meaaidides carbon 8 as a main conponent and nitrogen
contained.in a surface |ayer at a nunber ratio. (N CQ
J0®15]i trogen (N) atons and carbon (C) atons of 0.050
to 0.150, and in a spectrumrenoved fluorescence from
a Ralthaddivestaonrasion saarendinyeblents coventionaljoinvelved in
obt ai ned by exciting the nmediumprotecting |layer with
mRgneiiciaedipas e Gogisianbisishgheposmenas, ﬁyﬁloe%{yenrbwatch,a getal

SRS St B8 SR o PR S B
APYBL L TEHEE % MR iy e v
SSBIRESRS 98 NS B ARLHATAAN bimbinaton

recor di ng
_ r i

o g B! RIS I hbSp GRIEE R BlGls, Wer?
pbbsibly divaigpedardramaaneithe digicaivl.ng | ayers are

separated by a non-nmagnetic spacer |ayer. [0020]
- [@®t6lhe consti-tution of heating a magnetic |ayer

i medi ately before the formation of the '

medi Tine prasestinvegtdrayeave condupledinteasive imrgstgation for solving

Raman spectrum can be controlled to 010 to 0,95, and
thenrroblamband have deund ihat ngat treplsrgni ohadeagnelin layer

R s E

o R Sl s st

th@aﬁ%b%ﬁ%@irﬁh‘\' o th@‘%ﬂ@&iﬁhﬁ Fcﬁ&&[ ' IEgeﬂﬁ ‘@hﬁﬁbé&'b&%ﬂ?rglling
S0 as to"have an antiferromagnetIc eXxchange~cou Il ng

th@ﬁgﬁi)e‘f’étﬁk@éﬁl'h% Kodttad Aiviaai, 3Re b@n&iﬂg%‘tr%' i108f & iibrication

and soft magnetic |ayer having a Saturation

layegieificetdd By tHdafiouht 3LnitiogaR e tHEBOUtBANBSOMIrERE of the
under the magnetic recording |layer. The soft magnetic

miediven-preieskimplageedandthe nwnbérnatio NYE Y &f ritregere atoms and
| ayer therebetween and is configured such that the
carhgnetomain the olitesupsbsigfanecofithe aédiimtprotaodingilayer depends
surface of the perpendicular magnetic recordin
omadhangaitniiogesdsysrate af @ wytasedtamdinent layehe Tgfmr@fore,

SRS T Ao 5

' ' ‘ AFC) . ' ' e .

o B L, Lo R
i IR )RR ot O LAk
prb%ﬁﬂﬁ? ?éo)}rgr? aﬁﬁ i&g@%ﬁes 'itg:{o%rggﬁgwmh [Bithe YechiHends 8FEHosion.

I nven stru
[0017]

However, a soft magnetic layer is already formed before the formation of



9 that is strong to heat is formed by mxing iron to
the soft magnetic |ayer during the formation thereof,
whi ch nakes it possible to conduct the heating

i mredi ately before the fornmgtion of the

medi umprotecting layer. In addition, the saturation
magneti zation Ms affects the easiness of wite to the
recording medium that is, affects the overwite

thetmedisepioieqtiog. layemaps e soff megneiénlavaghas ineabur- v

| OSNAPRUARG STudure. THARA BRSBLEb RORPRGIA BeAtE R the
oD g i om0 sBr PR She Fibt P Bisbude frd ke

d"%é%edlfﬂ sfenalgLb ey '%Eé%e RO TREbLG B8R 00

teﬁirge?’[glfe am%g%ﬂﬁ %h ri’lgn(ftfoﬁ eC gt)lizﬁ?;[&‘:ecrn%grb%%é'tr €1f the

erm ne basi ange coupling

ARRERELLFe bi ﬁb%df%agﬁ@ﬁf I%fyéf 8 de@,trby@;h efo:éd%mrtﬁe egies

a stronger- coupling of thé AFC, and a Hex of |ower

_, A ic48fr8s frRpagdedTReSIBdIN D difficuny i tre @shieveniér of a high
ructure. [0023] The magnetic recording | ayer

re¢srdingrdmmitgo as to have a granular structure, and a
capped | ayer or an auxiliary recording |ayer may be

- [0@t&)vi ded on the magnetic recording layer. Such a

constitution can reduce the size of magnetic

partlcles of the magnetic recordlng ' ayer and enhance

Th f '

oot tol o E o5 R BRI bR et

redBEMNGL inediLRt Hist Res eapaicetiaduieilien saohexb wear resistance and
addi tion, the perpendicul ar magnetic recordj ﬁ

impagt :eeistancenand iisnghle: o a'd Haﬂglgﬁqpio}:?m&ﬁ@@%t b f@ﬁ"’"te

anbl & ObRC Byl |f§ﬁ@‘ﬂ'n ks td? ?hé: %Fb@lﬁﬁnjp?dtsétlr@!a%}els reduced to

magneti c recordi ng | ayer n‘pOSItI on
3 mfn bhéessa by eprehventing thaaypb:& m;ro@fFat Bbrzwucm tayes majetiglj fg the

e U B

mddaghst ance of the perpendi cul.ar magnetic record| ng
10 nedi um _

" Means for Solving the Problems

[0019]

In a first aspect of the invention, there is .provided a perbendicular
‘magnefic recording medium comprising a magnetic recording layer on a
substrate, and a medium—protecting layer on the magnetic recording layer,
whérein the magnetic recording layer is a ferromagnetic layer of a granular
structure haVEng grain boundaries formed by a non—mag.netic material among
crystalline particles grown in Va columnar shape and containing at least cobalt

(Co); the medium-protecting layer is composed of a coating that includes carbon



- [0025] In a second aspect of the invention,
there is provided a nethod of manufacturing a

per pendi cul ar magnetic recording mediumincluding a
magneti c recording layer on a substrate, and a

medi um protecting | ayer conposed of a coating

oo AP R Bl e TR el Bchgen rato
- (NIGYS nifbgéh ONPRBGhRY afd CHAOA" @) NRYME f AT 050 & QUMAIHRISIn a

- formed by a non-nagnetic material anong crystalline
SPREFUT Epragvest Bugiesqancy fiop aMramansspasérughia waranaimteng of 500

o 30h5% O o Bl IRARSAINSCRIS) iy gon o0
lasee ightrhasingre a6 rinm vaveleagth; ameakmatie BhiGuaheaceDqzak Dh

0GP 4754 1 i PER AR RO COOBPHGT REODE i $20 o’ are
waosfophnR@aRite® X 4 ICKLsER® ARSliGHIPOV0LR DIYE; |aAeh¥din the
argon ion laser |ight having a 514.5 nm wavel ength, a
MagREKC Fesordndmediineempases péak rapgnasisdarariplove e megoetic
e R Qe B g P RRBRGC Ry R PombE: STt i magneti

recOrdiig ldfyer andig delcendrsdit umagedt eeddrdigg layeer wherein BéDirst and
rotecting |ayer w

t hod: i th di W th _
seqhE BaaneTEERoriRa Ve ar AR edEl s (9y-ciReaetieRes daver.
OE)%% atons and carbon (C) atoms is 0.050 to 0.150; and 7
[ ]m ng a soft magnetic |ayer bel ow the magnetic

rec ina lLaver erei.n the sof.t, magneti c. re .
ot bBondFhan BUS R HAdh Bl VR g inta ¥ Polora the
. o . | o el _
ToRfERFoR R ARE B DS rrud BRICh b P
Sp%@ﬁéﬁ?éa@ﬁb@&ﬂﬁrd?@a‘tﬂ RO 6.95Pa5¢ thd (ﬁ)fﬁf)iﬂtg[ %%6515 impact
- By formng the perpendicul ar magnetic recording T
resVEtingB) wougivebR@incdeh angealkosmin resibned chi b2 &itEBed, In
- spectrumis 0.70 to 0.95 and the ratio (NC) is 0.050
addiiod, tOprobleen diighiflyivnte sidicthe @Bashesiithe esddielio tRadndn
i npact resistance, is enhanced to enabl e avoi dance of
be\avoidagshpregiolaging the caticasNAD) db 0f050 tn0i. 1%0.even i f the
thi ckness of the nediumprotecting |ayer is
(0G24t ricted to 3 nrn or |ess. [0027] Before the
forpati on of tre ‘magnetic recording layer, a soft

g et PETPendicuias RRaNRliF fREORINGIERTEt isdrunpdep@s o have
an GIEHTAGRIR Sraiatas Shviise PRt SebRir S smais phjero
- R IRUE 0 LESTRRAGRRE e M hERED B fidridiEaftn ms
of 1057 RAIBRE Irfy HECAGMdRG! driirine hoBARRE FecoMIfG IR, "3p8 soft

mabRéti€ RYELR Jep¥fitedTMoRRoTafE R 4 Q;Q&ﬂr layer therebetween

and is configured such that the magnetization directions are parallel to the disk

surface of the perpendicular magnétic recording medium and are opposite to
each other. inthe thus c‘onfigu'red. antiferromaghetic exchange coupling (AFC:
antiferromagnetic exchange cbupling, hereinafter simply. referréd to-as AFC)
structure, the antiferromagnetic coupiing strength of the upper and the lower
two layers disposed in antiparalle! to each other is reduced by heating at a

- preseribed temperature or more. In an embodiment of the present invention, an

AFC structure



The heating nmay be perforned at a tenperature of 157

to 204C. When the heat treatnent is perforned

i mredi ately before the formation of the

medi um protecting |ayer, the carbon atons deconposed

by plasma can reach a substrade while maintaining the

hi gh energy level. Since the carbon atons nai ntaining

the high energy level are used for formng a filmon

thBeissph 8 tHRaP s Rr hikird Héeéjc% 3=y, i

| ayer with rt%ﬁrbdg’n@?tawaﬁﬁg‘iq Eﬁh (t:i(m abi fF%@@gﬁ@Eang@urmg

thefomshtionuhehgsf Twhieh hhked B pbbsiBlcto dorRiuBRSR S ddling

| ayer, at a high tenperature enhances the a}dheS| on _

ineneuiaielyt heforagreeformatiay ef tranehetienpesteutimg rayee ct inngidition,

| ayer. [0030] After the formation of.the ,

the sRlurimromegnetigaticnybls, affects thediasngesarfewtierig thayeoording

may be further exposed to a nitrogen atnosphere at a

mqe%wnﬁ Hat ipraftegts Ffte @sywEtephareetesigticsic oA twgher sahiration
here at a flow :

The exposure tg .the nitrogen atnos _ .
TFANETERUGID Y& e SYE S Bioher BpIoHeae ] RLtheumisswriieeiasacteristios.

s BT ) o P S IR B 2o
BT oA oleRBl Mot Nlacitliths . *ooay ©

dogthernore, a lubrication [ayer containing a

perfl uoro polyether conmpound having a hydroxyl group

| N alfyrestnitre Uihe @it RrRighefidRier med, hARSAA exchan,geT&?u(ﬁaling '
perfluoro polyether has a linear-chain structure an
megmielic field idbx o€ 4000@ opatdrer NRhe osplin@Blrendtarof te AFC
- perpendi cul |l ar magnetic recordi ng medi um and al.so can
set¢ilts is datgimiaghes the hEsid of theremehange keupling magnetic field
medi um protecting | ayer due to the hydr oxlyl (OH) _
Hgxouphewdorg ﬁd""ggel’c Hex éticajes amsirangepapuplong afrtheiAFC, and a
t he_configuration of the present invention in which a
Hey of lgwerthan 400 e caspet masrairi the dgnelion agan ARS structure.
[O@%ﬁj’i ded on a surface of the nediumprotecting |ayer,

gh adhesion rate of the lubrication | ayer can be

OB RS ARARI8Eqing D ARSUY 4014 e BB sructure,
%P8 \ppdd K chhd Al ecialy Blot iy IR HE0RIR Y Phe

mbbeeiibifeabrdihg YaystUCISush a\edistitutiddsdfii AtkReand siz@Rﬁﬁﬁag netic

resi stance, I's enhanced, and various problems, suc
paticles ohtHe magnietie recardiryclagaoanie dnhiingy evghvit) Hd. herherefore,
pick up of the lubrication layer rnaterial to the .
thedigtedensihemdpraing propertiee anditbe tessoige prloperties of the
- nmediumprotecting' layer is reduced to 3 nmor |ess.
magnetic recording layer can be enhanced. In addition, the perpendicular
magnetic recording medium can be further imparted with high thermal
fluctuation resistance by providing the capped layer on the maghetic recording

layer.
[0024] . R

The composition of the capped layer may be CoCrPiB. With this, a thin
film showing a perpendicular magnetic anisotropy can be formed to enhance

the high thermal fluctuation resistance of the perpendicular magnetic récording



Brief Description of Drawi ngs [ 0034] Fig. 1is a
diagramillustrating a structure of a perpendicul ar
magneti ¢ recordi ng di sk according to an enbodi nent.
Fig. 2 is an explanatory diragramillustrating
magnetic characteristics insgn AFC structure.
Fig..3 is an explanatory di agram show ng a
rel ati onshi p between the substrate tenperature of
per pendi cul ar magnetic recordi ng nedi a contai ning Fe
UEri ous concentrations and the intensity of
Dﬁé ange coupling nagnetic fields Hex due to AF'C 13
é 4 is an explanatory di agram show ng a
rel ati t t; t
bl O@Léﬁg’bﬁ&éﬁcﬁ 2%%%%3‘ e E:‘%e@‘?&?e@b@ id ﬂﬂggg d n%frgethod of
malidgetarng laqmrpqwhcmlat magne%rqu:ohbng\ﬁmdmrhenﬂadmg a magnenc '

SRS B S0P 560 A BEAR 8P Bl o

cobBARIrcAREMY BalRhVREA ndlf coHpBheat én t@ﬁ\%@ﬁémﬁ Racording layer,
i mredi ately before the formati on of the

COFPER g 6@@?*%@:@ fRyrareganetigiayemel peHrnyar stugirechaving gram‘
1 .
lbogﬁgﬁﬁeasmﬁ &/'éqgorg magnet ngﬂateﬂ%et mﬁ@ﬂ&?ﬁ%ﬁﬁ@ Afticles grown

. in comokmymat shnpea@dt bentpimirg ratleastDbdtmt &Eokrad Hhe magnetic

b ssaentne I ot S0 HRLARE: Aohr ol gn
in @Oﬁiﬁ‘éﬁtﬂlnh wemrRadPiiRsescence from a Raman spectrum of a medium-
protecting layer formed later in wavenumbers of 900 to 1800 cm™ obtained by
exciting the hq‘ediu'm,-protecting layer with argon ion laser light having a 514.5 nm
wavelengtﬁ, a peak ratio Dh/Gh when a D peak Dh appearing near 1350 cm'r1
and a G peak Gh abp’e’aring ‘near 1520 cm’' are waveform-separated by a -
Gaussian function is 0.70 to. 0.95; forming the medium-protecting layer by a CVD |
method; exposing the medium-protecting Iayer with nitrogen such that the
number ratio (N/C) of nitrogen (N} atoms and carbon (C} atoms is 0. 050-‘(0 0.150;
~and formmg a soft magnetic layer below the magnetlc recording layer, whereln '
the soft magnetic layer comprises a first soft magnetic recording layer and a |
second soft magnetic recording layer, wherein the first and second magnetic

recording layers are separated by a non-magnetic spacer layer.
[0026]

By forming the perpendicular magnetic recording medium such that the
peak ratio Dh/Gh in 2 Raman spectrum is 0.70 to 0.95 and the ratio (N/C) is
0.050 to 0.150, the durability, such as wear resistance and impact resistance, is
enhanced to enable avoidance of various étoblems such as high fly write even if
the thickness of the medium-protecting layer is restricte-d to 3 nm or less.

[0027]

- Before the formation of the magnetic recording layer, a soft magnetic



Fig. 9 is an explanatory diagramillustrating an
i mge of a Raman spectrum Fig. 10 is a plot
di agramin which values of NNC and Dh/Gh in the

exanpl es and the conparative ﬁxanpl es are plotted.
Best Mbdes for Carrying Qut tlhe I nvention [ 0035]
Preferred enbodi nents of the present. i nvention wl|
be described in detail with reference to the

lagechepamy ad adtirongsginsticoyxchbnge deoplidd (AFC hsingdigescontaining
materi als, and other specific nuneric values shown in

3hte T@hi%wondFejprragi e farmear. e Tinel spftaragpéiEslayepwiayddive an
for better understanding of the invention, and the,
gychgaae couplng magnetc field Hexpt 480wehereote.unl ess

ot herw se specifically indicated. [0036] Fig. 1
[PQ28] g agramillustrating a structure of a

ber paar i1 BmATGRer Hie FEcaRYs %%Eé'ﬁef{c%‘%aﬁpig Q¥ having
LeBURBTRBls TV eB oA TR Bl B CPtaRdpyer may

b%uééétlﬂcﬁe 10, an adhesion layer 12, a first soft
nmagnetic |ayer 14a, a spacer |ayer 14b, a second soft

etic layer 1l4c, an orientation control |ayer 16,
a first under |ayer 18a, a second under |ayer 18b, an

onseThé dpafing thaytbé pesforBd e hitempeanud 61015 2%e20428, When
a second magnetic recording |ayer 22b, a capped | ayer -

it heat tnegiment ¥ pérforimed ilmapdiatel@ beford the fertdtioatdfahe
| ayer. 28. The first soft magnetic |ayer 14a, the -
m;g@mrpmtqw'ng laygr, Hredcarbensdooadlesomposed bytplasmayan reach a
- 14c collectively constitute a soft magnetic |ayer 14.
syhstrateveileypaitainingsthetsah snaraevelec %mamﬁl@@arb@@/ afoms

e i biER SNEEa Ik Ty erd B340 s Brlsai figsubstate on
a}ﬁ%@@é‘}kﬁ@? %j@%b@h'a?%g{}rﬁgz %&P%ﬁ%ﬁﬁh"%é{siﬁﬁgﬁé high S irability
can be formed. Furthermore, the heating of the magnetic layer at a high -
temperature enhances the adhesion between the magnetic layer and the
‘medium—protecting layer. '
[0030]

After the formation of the medium-protecting layer, the medium-protecting
layer may be further exposed to a nitrogen atmosphere at a flow rate of 100 o
- 350 scem for surface freatment.  The exposure to the nitrogen atmosphere at a
flow rate of 100 to 350 sccm fegulates the number ratio (N/C) of nitrogen (N)

atoms and carbon (C) atoms t0 0.050 f0 0.150, and the medium-protecting layer

fo‘rmed by CVD is provided with suitable adhesion to a lubrication layer and

’ 1

suitable hardness. R ‘ .

[0031]

Furthermore, a lubrication layer containing a perfluoro polyether

compound having a hydroxy! group in an end group may be formed.



First, anorphous alum nosilicate glass was forned
into a disk-like shape by a direct press to produce a
gl ass disk. The glass disk was successively subjected
to grinding, polishing, andyshem cal strengthening to
obtain a snooth non-magnetic di sk substrate 10 nade
of a chemcally strengthened gl ass di sk. [0038]

Since the alum nosilicate glass can provide
[0O38bt hness and high rigidity, the magnetic spacing,
in particular, the fiying height of a nagq%%iczgead
can e pasdueredratvaiBershamd jinedipeiatesifertare anikexhibits

l.um nosilicate gl as an be provjded with a high.
lufecaion rriarmgnae B/ lee (i nemaR e i BRATRIGERE Uing
039 On_the resultin ' S . from -
mefl i elssrearg it BOTdchrSRodlsRErR A IbE mRguiom
. vely f : el
oS HSRR T ol IRt PV I SRR e, 1
o T SIS RRRAT SR e Lo
hEayk if SovRiédvn & s@iffceoiahe Medium-
.tré@?ﬁ@ﬁ@??ﬁ&adégmgoﬁﬁoﬁgfthLe st andpgi'nt' of enabl ilﬁg
prbteetifigyat | Pfighfadhesveatd ol tne luliridationlaer parberottdined
to use "15 anin-line type filmform ng method. The
becanda githathigin compatibltityl ateseard jeanst @izt i on' process
thereof will be described in detail below [0040]
~ Advaatagebesi on | ayer 12 was formed using a Ti-alloy
target so as to be a Ti-alloy layer of a 10 nm By
- [063ni ng the adhesion layer 12, the adhesion between

the disk substrate 10 and the soft magnetic |ayer 14
can Ase desdrivede@bane, atbedirigote enmbodirgepiss of Bhe pespendicular

BRI Bl ARl oL A RRENGE KTty s vear
re§kEhcdldrayinfikt besiveade, Eranhanced,anid cadious propiEn,, such as

the thickness of the adhesion layer_ is preferably set
highp fly write 5eamBe guoiier by preventing tg%ptckangﬁgfhecﬁlrggg%tpn layer

matdrded FRMhagHERE h%%fi a%véﬁ’iih ¥ethRRn&CoP Yhed frigeirh Botacting .

. 'non-nagneti c spacer |ayer 14b between the first soft
layemgmetduced &iy@mnidalessd t he second soft magnetic |ayer
1l4c. By doing so, the magnetization direction.of the
soft nmagnetic |ayer 14 can be arranged along the
magneti c path (magnetic circuit) with high precision,
and the vertical conponent of the nmagnetization is
Brigfi Desdriptiantof yorgeéndsased, whi ch can reduce the noise
[Ooggjnerat ed by the soft magnetic |ayer 14. [0042]

Fig. 1 is a diagram iiiuétrating a structure of a perpendicular magnetic
recording disk according to ah embodiment.
Fig. 2 is an explanatory diagram illustrating magnetic characteristics in an
AFC structure. 7 o
" Fig.3isan -expianatory diagrém showing a refatfon'ship between the
subsfrate temperature of pefpendicular magnetic recording media containing Fe

at various concentrations and the intensity of exchange coupling magnetic fields

Hex due to AFC.



"Fig. 2 is an explanatory diagramillustrating
magneti c characteristics in an AFC structure.
Referring to such magnetic characteristics, the soft
magneti c | ayer not having an AFC structure maintains
a positively or negatively netized state when a
magnetic field His not applled thereto. However, as
shown in (b), the soft nagnetic |ayer having an AFC
structure forns cl osed paths of magnetic fluxes
bet weign4 tishan feixpktnatwy tdiagragnehewingay elatihshinibetwieen the Fe
second soft magnetic |layer 1l4c, and the magneti zation
conesaiitios and tiednockinghigispe@tyrieel d H i s not appli ed.

Then,. as._.shown in (a nd (c), the magnetic¢, fluxes o

{he. gt b a5 b bty afa0raimSbaing £ T orsPirhRsgengne Fe
the sane 16 direction by applyj.n magnetic field H
coertier ait DeisliatPnaadeizdiOf i, "ot engeh of ¢ he
coupki.ng . t EC Stf LS ) :

Counnd b EAB AR AT oo ol NP en e

[ - ahar [ - k-

s38lo imBlfue inbn BRI BRI iy ks ARG
PFREARTY [a§8r dhd the PEalRAREDI/GH aRékhbealigl i ng to the
correspondi ng magnetic recording |ayer 22 and so as

not Fig. Pés angrplanatsty Widdratrhshomipget retatfdnship hetveen the Fe
‘witing to the adjacent magnetic recording |ayer 22.
caneentration sindythefoehaatie Odah afteriting heatirgl by reduci ng
the thickness, but a sinple reduction in the _

t hi dige8 és anesplNaiYYiagREhshawse N avetass apdeffectiveness

~magnetic flux from.the ma%&%ﬂi c head. Therefore, the
N &35 88 @NALORRAZUYE PXIMPERuced according to the

ic.fl f he,. ' d. [0044 T
O 6 bR R BER AR W ko R
spaé:c%'lﬁﬁ.r ucture is incr ease_d i n accordance with _the
appl1cation of the magnetic field Hto a certain

val yagardid 4Bt ciadtafRiUioRdahidd & NT e Bhycn 4 tridre

magneti zation Mat the saturated state I's ca
exdhpleatdrenheedngidraie eramplesMrel pistiedse in the
. saturation nmagnetization Ms enhances the easiness of
wite to a recording nedium that is, enhances the
overwite characteristics. The saturation
Besigedes fari Garrwbg iQuighedrvyertion 1.2 T or nore.: By
- doing so, it is possible to nmaintain desired
[08¥8t write characteristics. [0045] Fur t her nor e,

e SR SeTBnen S b b5 TGN B LSRR et
with ol e R 6RMi G B 1holBea 8 Sies,
AR A e P niineRic BRGSA e odhe £
ARSI 21 et gl e ghg o
- investieasmd thetphesstiinkaram iefnat lifite@therkfo unless otherwise
specifically indicated. '

[0036] | .
Fig. 1 is a diagram illustrating a structure of a perpendicular magnetic

recording disk 100 as a perpendicular magnetic recording medium according to

- an embodiment.  The perpendicular magnetic recording disk 100 shown in Fig.



resulting in a reduction in Hex. Therefore, it is
preferable that the magnetic nonent Ms.t of a certain
intensity be obtained with a possible maxi nrum 1
saturationf magneti zati on Ms and a possi ble m ni mum
t hi ckness t. [0046] In lpe t hus configured AFC
structure, the coupling of axes of easy magnetization
of the upper and the lower two [ ayers disposed in
antiparallel to each other is usually destroyed by

1 ieeeniigurad o atcishsulkstrade 40une agheriogHayer T |asflfﬁb§@fé gygnetic

the SSNratio. In the enbodi nent, an AFC structur
Iaqyﬁaﬁ 4352 §P@@ﬁfdalf‘@f Hibu@ sacongrsalumegnatic [aysr 1%@& 6”9“*8“0“

cé%?@?%&fz’ﬁ%af%ﬁ b nast tarcilia, Besedici e i hbepf Sriset
3548 5 S s Q5 800l BFpEBE SR EIHERY L, fiaing
e L A 5
Ia?@fd2 heTﬁ@@l?ﬁrsdﬂq?ﬁﬁbnéﬁcbla?éM 8o COBRBICE RYePl 4tBLand the

rut heni um he orientation control

sl sdfﬁn"ié@ﬁeﬂ@ Iﬁl frﬂﬂb coflegtivelecsnstguichessfofriagnetic layer 14.
magneti c | ayer and an effect of enhancing the

The fiesttumdieo tayar 1 8agamnethe second ysidat layee 1phrcollettaeyofonstitute
the under layer 18. The orientation control |ayer 16
amaisdar lbyey 8. NiTae firstysagmelia iegoeding dayes 2Pasangt tee second
[ 0048] The under |ayer 18 has a two-la
magngté (reraRgdayer 24b cq*le@twlyﬁ%ﬁhw @rﬁ‘%@”%ﬁ’ recording layer

gropertl es can be inproved by form ng the second
nder | ayer 18b on the upper |ayer side under an Ar
[0%§§] pressure higher than that for form ng

First, amorphous aluminosilicate glass was formed into a disk-like shape
by a direct press to produce a glass disk. The glass disk was succéssively
subjected to grinding, polishing, and chemical strengthening to obtain a smooth
non-magnetic disk substrate 10 made of a chemically strengthened glass disk.I
[0038]

Since the aluminosilicate glass can provide smoothness and high rigidity,
the magnetic spacing, in particular, the flying height of a magnetic head can be
reduced more stably. Furthermore, the aluminosilioate g__lass can be provided
with a high degree of rigidity by the chemical strengthening.

[0039]

On the resulting disk substrate 10, from the adhesion layer 12 to the
capped layer 24 were successively formed by a DC magnetron sputtering
process in an Ar’atmosphere using a vacuumed film-forming apparétus, and the
medium-protecting layer 26 was formed by a GVD method. Then, the
lubrication layer 28 was formed by a dip-coating method. In addition, from the

standpoint of enabling the formation of an even film, it is also preferred to use



the first under layer 18a on the |ower |ayer side.

[ 0049] The onset layer 20 is a non-nagnetic
granul ar layer. The non-magnetic granul ar |ayer is
formed on an hcp crystal structure of the under | ayer
18, and then a granul ar Iaye{ as the first magnetic
recording | ayer 22a i s nmade % grow 18 on the

non- magnetic granular layer. This has an effect to
separate the magnetic granular layer fromthe
abdmilinaityre Bimtpeming methag) . T eokftgysation pbeadt laygeand a
onset layer 20 was ngn-magnetic CoCr-Si02. [0050] The

pragiisiion Precassrineref il be described Bndelglibelpvwf a fir st
na TetIC recordi ng layer 22a hawing a small thickness
Qﬂ%@ a second magnetic recordi ng Iayer 22b having a

Fecorar AgRFGRTasss 2 tes fosmed 0880 i8R R Ees 8 ip be 2
NS B B A

bém&éﬁ AR ik Q@oét%tgQ@)arﬁﬁtl‘@‘scﬁ{(ﬁﬂ@het[@faybh€f4 can be enhanced

non- rragnetl c materi al he non- rragnetl c material was

aﬁ@,gﬂh@%'fbﬁﬁ it pbhglbwror ;snrlendnng@elmg f thegbRimagrvticdaye 14.
to formgrain boundaries, and the nmagnetic particles

AGrmgiatdriat of trad acghediom dear a2<;tdrwmarp[@,raa@uT;aalloy can be used.
structure. The magnetic particles epitaxially grew

Foamta practicdlwidwpoint, ke grickngssroidhe adhesien dayartie peafe@bly set

to X550 A 2

[0041]

The soft magnetic layer 14 was configured so as to have an AFC by
disposing a non-magnetic spacer layer 14b between the first soft magnetic layer
14a and the second soft magneﬁc layer 14¢. By doing so, the magnetization
direction of the soft magnetic layer 14 can be arranged along the magnetic path
(magnetic'circuit) with high precision, and the vertical component of the
magnetization is significanﬂy decreased, which can reduce the noise generated
by the soft magnétic layer 14.

- {0042}

Fig. 2 is an explanatory diagram illustrating magnetic characteristics in an
AFC structure. Referring to such magnetic characteristics, the soft magnetic
layer not having an AFC structure maintains a positively or negatively
magnetized state when a magnetic field H is not applied thereto. However, as
shown in (b), the soft magnetic layer having an AFC structure forms closed
paths of magnetic fluxes betweenrthe first soft 'm'agnetic layer 14a and the
second soft magnetic layer 14c, and the magnetization M becomes 0, when a

magnetic field H is not applied. Then, as shown in (a) and (c}), the magnetic

fluxes of the soft magnetic layers 14a and 14¢ are oriented to the same



The second nmagnetic recording |ayer 22b was forned so .
as to have a 10 nm CoCrPt-Ti 02 hcp crystal structure
using a hard nmagnetic target conposed of CoCrPt
containing titanium oxide (h02) as an exanple of the

non- magnetic material. In al t he second magnetic
recording | ayer 22b, the magnetic particles forned a
granul ar structure. [0053] The capped | ayer 24

is athin film(continuous |ayer) fornmed on the
digeetinn i appiyineta agaple figkbiHda elinagdizedioneng _

Eer ?endi cul ar magneti c ani sotropy-and configures a
[ (coupl ed granul ar continuous) structure. By doing

oo B hind FSGOAE beRert AERR NinbBpppea on ot
ob 160 S0 BB BE o ol ML) BRI SagRrORT8! £° Rhigher
HEQRS Atk A SRInddh SolBRRTHY AELE!T Sfbntex SRR 1o be

_ Fum pr ting Tayer 267 1s a
mERAbHraPiVthesé Mithrictivgleld By vititRigaetth@ @okrBSponding magnetic

per pendi cul ar magnetic recording | ayer frominpact of

- rédoeding gl i22 drebsb ab k% be magnetized with the magnetic field for
writing to the adjacent magnetic recording layer 22. The intensity of the Hex
can be increased by reducing the thickness, but a simple reduction in the
thickness causes insufficient absorption of the magnetic flux from the maghetic
head. Therefore, the thickness is necessarily reduced according to the
magnetic flux from the magnetic head.

[0044]

The magnetization M of the soft magnetic layer having an AFC structure
is increased in accordance with the application of the magnetic field H to a
certain value and then to a saturated state. The value of the magnetization M
at the saturated state is called a saturation magnetization Ms. An increase in
the saturati“on magnetization Ms enhances the easiness of write to a recording
medium, that is, enhances the overwrite characteristics. The saturation
magnetization Ms is preferably 1.2 T or more. By doing so, it is possible to
maintain desired overwrite characteristics.

[0045]

Furthermore, the magnetic moment indicating the magnetic intensity of a
magnetic film is expressed by, Ms+, the product of the saturation magnetization
Ms and the thickness t of the film. , Therefore, in order to obtain a magnetic
moment Ms't of a desired intensity, it is necessary to increase the thickness of

the film when the saturation magnetization Ms is low. However, the coupling

strength of the AFC is decreased with an increase in the thickness of a film,



-I'n such a nmedi um protecting |ayer 26, a netal such as
cobalt (Co) is precipitated froma |ower |ayer to
form an oxide thereof on a surface of the
medi um protecting |layer, that is, so-called corrosion
occurs. The corrosion erasesffhe data recorded at the
posi tion where the corrosion occurred and, in
conmbination with a low flying height of the nmagnetic
head, causes crash failure, which possibly devel ops

reaaiitng inid wadeiction imbledi sk harafoes, ifi9@seprable thatthe magnetic
enbodi nent, the occurrence of corrosion is_inhibited

mamenidYighsl agertan iatenminds oaingsivth 8PoreikRia Mgxirem

-magnRetic | ayer | diately before the formati on of

SEWA ST ARRBIAeBYIA G Vi BpS TR SBINTEHAIERAESS he

Uﬁﬂf?bility’ such as wear resistance and i npact

e?’stance, of the nmedium protecting | ayer 26.

" Ho . o
+ha T e thoEodiifon3od WSl 1o BULI RGN Bl o "
bﬂfﬁtﬁf@éﬁﬁbidgﬂﬂ' Anathe fowsr taMaldns d’@ﬁé‘sédqnmbtaﬂaéiei to

and the couplin axes of easy magnetization of
edftPetheriglusinglyl @Wogbﬁﬂbﬁ [ Io3 adieSROS Bnpérature or higher.

antiparallel to each other is destroyed by heating
ThiseedageethecSINagatio.  in hied bgnbotdiveerfity aotARD sieciune G strong

structure is lost. In the enbodi nent, as descri bed )
taaliesitds farmetFay stixing irendodbeasaftinagnetie layer duringgibg formation

bei ng excellent in heaf resistance was confi?ured far
there®it | g makes e helovrdesribesfirating immegiately before the

i di ately before the formation of t :
(o aROb e Bl Tl ArafoHnS ey GgasPle. pofherefore hgdirstph

[ t i.c.| (g L at el
"PSRRLE P S TR e Ghes BB s RO NG eyl PAb it B 2
. . | |

cfihBaghion & UGy a8 FRBHEMIOLPT) sPALAXE KD shikdPlyer 14b.
h&B@mpPEition oF AT iuisetiam). the Raman spectrum (the

rati o of dianond-1i ke bonds and graphite-1ike bonds)
[doa7ghanged, and the resistance of the

medi um protecting |ayer 26 is enhanced with an

i ncrideseriématiore cdntnoldagert 1& babamdxfecThépitmetting the soft

treatnment is conducted such that the .
magoietieayent éandmn eHigelofmhagcing therarisgtation arrgrgament of

ratio Dh/ Gh in _the range of 0.7% to 0. 95. [0058]
crygiadine prrtiplegief tha Bdgnlagar 18- 4 Thacrigntatiopycogig! igyer 16 was

n ectrum,in wavenunbers of 900 to 1800
awc’@ﬂ@ﬂ%&f NG ANt R§IHHY Sredi um prot ecting | ayer
[Owéég argon ion laser light having a 514.5 nm

| ength is nmeasured, background due to

fl uof@ﬁﬁt?@ﬁ%i{éraﬂégﬁ?ﬁgqgog[ggéf @:%ﬂjfd inB8e of Ru. 'theecrystal

appr oxi mat i _ appeari ng near _

ofiéMElioNBHIRUIRLEaS bESmpRSY BYfdrity tHdSecPRIClndaN|anst 18b
the G peak Ch appearing near the higher wavenunber

ol treupa28yemside vader wavaf@isneeparedtigheyan tatfes faming

~ function. [0059] When the Dh/Gh is | ess than

th@. first under langardirBzsen tie dveerdaybnsider ot ecting filmis
insufficient, and a Dh/ Gh of 0.95 or nore nay reduce

[00K8] har dness of the medi um protecting |ayer. :
Therefore, the Dh/Gh is contro]Jled to 0.70 tg 0. 95. _
By cldift ersatilaxpridibisghnenmagnati grﬁ@mlaé}ﬂj’@f-of_{b@ pgMrgagnetic

o 2 AT A3 S5 B SR R0 om

then a granular layer as the first magnetic recording layer 22a is made to grow



[ 0060], Specific heating tenperature for .
controlling the peak ratio Dh/CGh to 0.70 to 0.95 is,
for exanple, in a tenperature range of 157 to 204C.
When the tenperature for ﬂnmngthemeislmmr
than 157C, the kinetic ener 21 carbon atons is
| ow to reduce the density of he medi um pr ot ecti ng
| ayer, and a tenperature higher than 204C causes
di ffusion of the magnetic layer itself to deteriorate
on tiee negmeadgreticlorantlae tdysti cShisAasoardethettyo separate the
tenperature of the perpendicular magnetic recording
M@igsRtA QUARMRRY Iawuﬂr@vetbeth@glrwn@ stegedetarivRldi athe qpmposmon
before the formation of the ¢ gp otecting |ayer
obibegrgehiayer 2P Has BeiawietisCeHes ﬁg?gnet ic |ayer.
QHg efore, the nediumprotecting |ayer having high
[ g ees of density and hardness can be forned by

wnor! TeREele B o MiFed § confolocth st et

rHRE [ i

BRI NG 1y 22BN sl RIS M P egh ek Sfocording
|ageﬂ2mavm§%:ralrg@tmm$s;26 carbon at ons deconposed

y plasma reach the perpendi cul ar magnetic recording
[odb3k 100 while maintaining a high energy |evel and

are used for the formation of a film Therefore, the

medi The finsbtmagnietig récoyrdinglayen?2d wasdomeed s asdothave a 2 nm

have high density and high durability. In addition,
CohePine sr@pcﬁrysl?éésm@ué@ H8ingA Bardanagneliglarget composed of

CREEPRSTA N Qg hrgﬁﬁﬁélﬁeﬁgeﬁs%@gg&% ¢ &) fhe non-magnetic
h h

R 0% nentTag e SRR e S EEAbs it e supungings of a

m%gﬁéﬁ@m%\laim{)l i Hintblaﬁ]naﬁﬁﬁs %th{er}ﬁa netic, parnclgs

U pr ot ec ayer Arbondi e f

%r?ﬁéb ﬂs \‘drrﬂe?i Q%éldn%béregrhﬁulfa%ffhé‘ﬂuwnmé h*%@netlc

us ng only hydrocarbon gas as the reactive
pﬂﬂ@les'@ﬁiltﬁxiaﬁy besResatihhelsly froantieh@anuRe strugase of Be onset
exanple, Ar) or a carrier gas such as hydrogen gas is
laysed by being mixed with hydrocarbon gas, such inpure
gas is incorporated into the nediumprotebting | ayer
[08h8] r educes the filmdensity. [0063]
I nci, dent ally, as the reactive gas dr ocar bon

(cark m\d magnetigresardingdayer, 2?& \n@ rrn%%ea#%ave a10
Sl dhtcliBh e R tBban i Cre usiPa Pt dReaghe Rofakget Somposed
oI TR I e B Por ot

i@!ﬂ?' eln {aﬂ?é‘ﬁeccﬂd“@'{égﬂgﬂgg@&gﬁmg%%@%b Wﬁé‘ﬁ%@%’etlc

exane ane, or o

aﬁh&!@e%ﬁné@a'q?ahm‘é%tr%ﬁﬁé.ur ated hydrocarbon, f or

exanpl e, ene, propyl ene, butylene, or acetylene
[ooB3] be used. In addition, the term"|ower" used

herei n neans a hydrocarbon having 1 to 10 carbon

at oMthepeappeal laget 24 is a thin film (continuous layer) formed on the

granular magnetic layer and showing a stfeng perpendicular magnetic
anisotropy and configures a CGC (coupled granuiar continuous) struciure. By
doing so, high thermal fluctuation resistance of the continuous film, in addition |

to the high-density recording properties and the low-noise properties of the



[ 0064] In accordance with an increase in the
nunber of carbon atons, it becones difficult to
gasify the hydrocarbon and supply the gasified
hydrocarbon to a filmform ng apparatus, and al so

deconposition during the pl di schar gi ng becones
difficult. Accordingly, the rai ght-chain | ower
hydrocarbon is preferably used. [0065] In

addition, in accordance with an increase in the
granuitsarlaydr, can berpravided, The coonpasiiem ofdhetdapped layer 24 was
resul ting nediumprotecting |layer is prone to contain
CaGr@ye anount of hi gh-nol ecul ar hydr ocar bons and
_reduces the density and the hardness of the $
¢l um protecting layer. Furthernore, it is cited

that_cyclic hydrocarbons e difficult to be ‘
decoTR e TR h Thies s weHiPrySclneLl o
r aj. ght - chaj [ .

PRy R RGOS recIEI BT & bR mpact of the
rnlé}’%ﬂ caklRQn, and, in particular, the use of ethylene
e a%ﬁes orm ng a nedi um protecting |ayer having high
[0d8g] ees of density and hardness. [0066] In
general, since the film hardness of a carbon film

T or naguchjd mearinedrowseting thyies 26nbanstetisecimpacebalt (Ca) is
filmformed by a sputtering process, the

preeigiateti trotmea lovegmayéctorfovoradi oxjdé dyareotam aseriase of the
effectively protected frominpact fromthe magnetic |

miegium-preteciiog Ejer Ahiet ise seaded £PrepIoNHCCURY- mat N EP1EPSIoNn
the filmby the, CVD met hod, the nmedi um protectin .

eragpeithe dalracppiadal 16 posHian BGer ReftEfanartocaurted and, in
flowrate .of 100 .to 350 sc for. surface tr -

ccBifetsvifia oy e Tl Thp ot e, AR Hash failure,

. ] i B 10 0.150. Here,
W%@??%W%{’%Béﬁrﬁ et h%lﬁﬁ%alf’g?’qﬁ’%gh fly wite

[Ofoggguently occurs to cause errors in the
recordi ng/ reproduction process,, and an N C of |arger

t hannQhd 2fhirEmanhiied opesséRdd bf vorebsien asinhibited by increasing
Accordingly, the NCis regulated to be 0.05 to 0. 15.

thehtiamfonddikethoridsgw) adatirg theembleliclaybeimmaediataly befds the
to 0.15, the nmediumprotecting |ayer formed by CVD
focmatinawé taiimeslire-pidtesting tayes 28 fonenhaagingthe durability, such
as wear resistance and impact resistance, of the medium-protecting layer 26.
However, the AFC structure of the soft magnetic layer that is already formed
before the formation of the medium-protecting layer 26 is usually weak to heat,
and the coupling of axes of easy magnetization of the upper and the lower two
layers disposed in antiparallel to each other is destroyed by heating the
magnetic layer. Finally, the function as the AFC structure is lost. In the
embodiment, as described above, an AFC structure containing Fe and thereby
being excellent in heat resistance was configured for enabling the heatind of the
magnetic layer immediately before the formation of the médium—protecting layer

26,
[0057]



| ayer and suitable hardness. [0068] Here, the
nunber ratio (NN C) of nitrogen atons to carbon atons

can be neasured using an X-ray photoel ectron
spectroscopy (hereinafter called ESCA (el ectron
spectroscopy ‘for chem cal anglysis)). Details are

that the nunber ratio of nitT0gen atons to carbon

atons is determned on the basis of the intensities

of Nis spectrum and Cls spectrum neasured by ESCA.

[ 006Bus, by hedtingtihe neagadicreyer, imnhediatsiyckefoss thef formation of
medi um protecting |layer 26 is preferably 1 nmor
theomediumr-proteriing Byer 26 el wepeHies of thenmesiyayotasding layer

2§ Rmcbireme Y PUREHT ReAtt exeomaTdge: hb HEFabpgment in
S Sy Bl B U i
RS T LB T g9 2
em%[%' \?lmbntiﬁ‘&eﬁg% %ﬂréséiahﬁ)rﬁf—m(e%@r%d Si%le ﬁéhﬁré%h%ent is
ordess a the

roma practic Vi ewpol nt not to prevent

CONRICRYE IBAN tHa? thRB aftedilf-(SBRLHA -Ia&é?@@[bter&érrﬁ%@ has a peak

medi um protecting |layer 26 is forned. Wen th

ratiol DI/ inSthbomn%ebherV(}t%Qﬂgy. an excessive energy is
applied to a substrate to cause arcing, which is

[00&8ponsi bl e for particles 'and contam nation. On the
ot her hand, when the' voltage is higher than -50 V,
t he keéreethe peak relicoDB&S s ratin polRh @se<Gih stheapp Baman
Accordingly, the application voltage js determ ned to

spepdinig ¢ wegewmpgEyal 900 to 188G em -~ htakied ieeXidhteon
SR AP0 8 s ool RSB HIEEE o
wéﬁ%aﬁ@@bi? %éﬁ%ﬁ@ gﬁ%&@ réﬁﬂ’%‘ u0d tWﬂhBreLélch\@é’ W SmbRLEd to
straight-line approximation, and the D peak Dh appearing near the lower
wavenumber side (1350 cm™) of the spectrum ahd the G peak Gh appearing
near the higher wavenumber side {1520 cm’') are waveform-separated by a
Gaussian function.

[0059]

When the Dh/Gh is less than 0.70, the hardness of the medium-
protecting film is inéufficient, and a Dh/Gh of 0.95 or more may reduce the
hardness of the medium-protecting layer. Therefore, the Dh/Gh is controlled to
0.70t0 0.95. By controlling the Dh/Gh within the range of 0.70 to 0.95, the
medium-protecting layer formed by CVD can have suitable hardness and
sufficient durability.

[0060] | B

Specific heating temperature for controlling the peak ratio Dh/Gh to 0.70

to 0.95 is, for example, in a temperature range of 157 to 204°C.  When the

temperature for forming the film is lower than 157 °C, the kinetic energy of



[ 0072] Because of the above-descri bed
medi um protecting | ayer 26, problens in, for exanple,
| oad unl oad (hereinafter sinply referred to as LUL)
durability do not occur even if the thickness of the
medi um protecting |ayer is gunn1or | ess, though
conventional ly produced producti ons havi ng
t hi cknesses of 3 nmor |ess cause durability
abnormality such as scratch and deterioration of, for
carkan@iens tihow Epreatbgcedhe siegsity of the medikini- pt)otamtulrtwlayer and a
[ 0073] The lubrication | ayer 28 was forne
tegperebae ihigheptimen 2p47¢ causes PibLsenHythe fﬂ&ﬁa"&“ﬁﬁ%&f@fé’@@” to
of the lubrication |ayer 28 is abouj H] %
dedefia@te e ma@npu@ph@@qt@ﬁ}stchyef\cg@rdqu]{)é the te perature of the

o B L oGk TP Vi RIS A0 200
P L Lt A AP g 2 e

e
hdﬁﬁﬁ Irqi*i dedrabs PRABALIF ah@ AaFdHARS cBine ﬁﬁﬁhe@' I$Ph&RMg the

exh high adhesi on petrformance to the

magHetdaReptetsT Rg20ayer 26 due to the hydroxyl (OH)
group provided in the end group. In particular, in

[00B#] configuration of the enmbodi nent in which a
surface treatnent l[ayer containing nitrogen is ,
pr oWVtied thm haatueatmentds C@M@Qﬁ%@llﬂ'ﬂfﬂeﬁﬁi@g’&qfﬂ@ thgyJermation
" si nceCSP and 25 (01-0 have hlgh aLflnl . to ez?ch .
ofdhpane Iurrhp@ﬁe%tmgelgvgh% as degeriver abovg. UEinodhe feryration of
can_be obt

S U PiReOE FHE" B 13bBh 8\F0F HernBIPoSh D plgsma reach

thgap rﬁgncﬂc:ldlfyag b‘%&ﬂgeljlg %H&rd H&]{ 4 EE r@gﬁ;\{/}g [e%@{ng{aigg]# B‘E&r energy
IeUQI ﬁﬂ; SEH Pritfe Eﬁ?ﬁﬁ%ﬁ dhpfimph el“hér?ﬁ‘)ré‘ URBGhediBim-

an t wo, esion rate o

pﬂo%tl'ng%yé}@é 8 heTBMmbE s errtoanre highdenbignahdigh durability.
unber i's greater than four, the lubrication

Inlfa’dcf tmmmrn@ Beltyg bEtHeemmgadtlcaEyer atalligh tfmpérature enhances
adhesion rate that is too increased. The thickness of

theteeihlestnmi hettveen thayeagmatic lagerparbthel pedism-pedieeiing layer.
the range of 0.5 to 1.5 nm This is because that

[0062]

After such heat treatment, the medium-protecting layer 26 is formed from
carbon by a plasma CVD method. In the case that the medium-protecting -
layer of a hydrocarbon is formed by plasma CVD, it is desirable to form
diamond-like bonds by using only hydrocarbon gas as the reactive gas. This is
because that if another inert gas (for example, Ar) or a carrier gas such as
. hydrogen gas is used by being mixed with hydrocarbon gas, such impure gas is
incorporated into the medium—protebting layer and reduces the film density.
[0063]

Incidentally, as the reactive gas, a hydrocarbon (carbon hydride), in

particular, a lower hydrocarbon is preferably used, and a straight-chain lower



a thickness smaller than 0.5 nm may reduce the
| ubrication performance.and that a thickness greater
than 1.5 nm nmay reduce the adhesion rate of the
| ubrication layer. [0075] The surface
roughness, as the Rmax, of tle thus produced
per pendi cul ar magnetic recortding disk 100 is
preferably 2.5 nmor less. This is because that a
roughness greater than 2.5 nmmay inhibit the
saterhted ihgdrozfarthdre oma givalight-chpirciomgr uTihetusatetidyerocarbon is
roughness is specified in Japanese |ndustri al
merapieddbly M)d.BobS the paighl-chain lowacsait tatad hydracgebon, for
productiyon process above, the perpendi cul ar nagnetic
exasppied Meihanies iethate JePane dHae, PeTaRg. dipxdser 8@Pt€iﬁ@: or
above-descri bed paraneters, are. shown bel ow. 077
02ABE TR0 UaHaw R RS ShEl Rk Eheim AL PESH T 4tRH TYfedbon, for
magneti ¢ | ayer 14 h X 0 [ i.Qn "
PG S e e e Y el by STV gB L e tieB" ¥ aadition,
a e : tr
tROE|ROloRErC oo d NERA MR o Riigeaitiil HaviRg @R ogilian atoms
péfoRlchig. atio. However, an AFC 26

[0064]

In accordance with an increase in the number of carbon atoms, it
beco-mes'difficult to gasify the hydrocarbon and supply the gasified hydrocarbon
toa film-"forming apparatus, and also decomposition during the plasma
discharging becomes difficult. Accordingly, the straight-chain IoWer |
hydrocarbon is preferably used.

[0065]

In addition, in accordance with an increase in the number of carbon
atoms, the component of tﬁe resy[ting medium-protecting layer is prone to
contain a large amount of ‘high-molecular hydrocarbons and reduces the density
and the hardness of the medium-protecting layer. Furthermore, it is cited that
cyclic hydrocarbons are difficult to be decomposed during the plasma
discharging, compared to straight-chain hydrocarbons. Therefore, the
hydrocarbon is preferably a straight-chain lower hydrocarbon, and, in particular,
the use of ethylene enables forming a medium-protecting layer having high
degrees of density and hardness. |
[0066]

In general, since the film hardness of a carbon film formed by the CVD
method is enhanced compared to a film formed by a sputtering process, the
perpendicular magnetic recording layer can be more effectively protected from

impact from the magnétic head.



structure that is strong to heat is fornmed by m xing
iron to the soft magnetic layer during the formation
thereof. This nmakes it possible to performthe

bel ow descri bed heating i medi ately' before the
formati on of the nmedium protegting |ayer. [0078]

Fig. 3 is an explanatory diégfan1shomﬁng a

rel ati onshi p between the substrate tenperature of the
per pendi cul ar magnetic recordi ng di sks 100 contai ni ng
[0B&7ht various concentrations and the intensity of
exchange coupling na?netig fields Hex due_ to AFC.

Ref drunthgymase Rfter tBe Tormationseidhefimbdwihe-Yihanethod, the
supstrate tenperature excqu? ascertain tenperat

Ml eolestian Svey 2645 eNRPPEY 1 8 UM HIM Y [t ? Jaw rate
o R S i T TR e v o

GBS Yt AL ATETR B0 50, Mo
Nm‘,]:ieg‘%ﬁ%ﬁeﬁﬂaﬁ@?@@,%gﬁﬁlkgﬂyﬁ%ﬁ%ﬂy occurshiBcaf¥8@lofs in the

oundary tenper aZr  not contalning Fe

rdcdriRgHEPbAGEkom pﬁadé@.ym@d ¥ntNATPEH [aEdet ehad 0HS0MRZ4 high
containing 40 at% Fe is about 197C, and that of

pE&ssioiByr ofapadiai N rébght, thé-8l/Cds edpuldted106e 0108 to 0.15.
boundary tenperature has a certain degree of

Thewpivra; by yegwgtingltresl/@in theerangepd .65 tn0.d6, theemedium-
material that binds to Fe. [0080_1 Fig. 4 is an
potettingdaperfoaneg iy ¥ Rosamiae seilake adbasipn be aveliication
the Fe concentration and the bl ocking tenperature
Iac/sbaﬂaéﬂyatele%@ﬁ%ﬁ%e). Referring to Fig. 4, it is
@%53 that the bl ocking tenperatures of the '

[ e-nmentioned f CoTaZr, FeCoTaZr, and FeCoBCr can

b o . . : .
Vo eIk [AIRrEYC B rifodth 4 BRIoREREE aldffiican be
i R e S

(iedtfon Ehectiseslsy e dHrimmieapdndlgsié))] oDkidilg dre nerthb wueber

is a 27 tenperature at which the Hex starts to
rafiecsferdiseger] 83dg to carbon atoms is determined on the basis of the
intensities of N1s spectrum and C1s spectrum measured by ESCA.
[0069]

| In the embodiment, the thickness of the medium-protecting layer 26 is

preferably 1 nm or more. A thickness of smaller than 1 nm reduces the
coverage of the medium-protecting layer 26 and may be therefore insufficient
for preventing the migration of metal ions of the magnetic layer and further may
cause a problem in wear resistance. It is not particularly necessary to
determine an upper limit in the thickness of the medium-protecting layer formed
by CVD, but the thickness is preferably sét to 3 nm or.less from a practical
viewpoint not to prevent the improvement in magnetic spacing.
[0070]

Furthermore, it is preferable to apply a bias voltage of -300 to -50 V when



In the enbodi nent, the bl ocking tenperature can be

increasell up to about 190 to 215C by adding 30 to 70
at% Fe to the soft magnetic |ayer 14. [0082]

Fig. 5 is an explanatory diagram show ng a

rel ati onshi p between the Fe concentration and the
saturation nagneti zation Ms.24Ref err | ng to Fig. 5, it

is seen that the soft nagnetic |ayer 14 has a
saturation magneti zation of 1.2 T or nore even if the
theahedimgpestectingipger 28 isfortreions VBGert therdolds iBdowemthan -300

addi tion, when the soft magnetic |ayer 14 contains
Vpafekeesdsiveepergly i9appled tatsubsiraie trawgnse iarcingowhivh is

is the maxi mumval ue 1.60. This reveals that the soff .
respgnsiblecfor pasiclasiand aeaiamingtiao t@n foe athrrpandawhen the
sufficient overwite characterjistjcs.

0083 '
vortage isttighardhan refhynihe séedicd e Rigs 'C%W%'LQ%%PN appear.
i medi ately before the formatjion.of th
i o B8 i oraplio8dS BRIFMIELEIROP 050 Mo o
[0@%? the heating will be described. [0084] Fi g.
i'S an explanatory di agram showi ng a rel ationship

6’ | oW ng @ 1
he TRTHaeL R P RLSR LM rRng ey 2081 furtaco

bAdi isRA.- enBagest b
oty Bl papoR il o r g ogtR sk by

washitiy alittyulrapueaweerathosisbproplyl alocohel. t he substrate
tenperature, that is, an increase in the substrate
[0DZBper ature increases the peak ratio Dh/Ch, in other

wor ds, increases the nunmber of dianond-|ike bonds. ,
' ThBecansmntihe abpyer-desartogsaedium-peotecting layer 26, problems in,

di ' I . 26. ‘ L
forrr%x:ar%rig}leerlgéc? 8?1[‘021% (he?e%r?erlﬂeressim[p?yor%?(lrred to as LUL) durability do

not occur even if the thickness of the medium-protecting layer is 3 nm or less,

- though conventionally produced productions having thicknesses of 3 nm or less
cause durability_abnormality such as scratch and déte_rioration of, for example,
the reproduced signals in high fly write.

[0073]

The lubrication layer 28 was formed by dip-coating PFPE (perfluoro
polyether). The th-ickness of the lubrication layer 28 is about 1 nm. By the
effect of the lubrication layer 28, the medium-protecting layer 26 can be
prevented from damage or chipping even if the magnetic head is brought into
contact with the surface of the perpendicular magnetic recording disk 100. The
perfluoro polyether has a linear-chain structure and exhibits lubrication
performance suitable for the perpendicular magnetic recording disk and aiso
can exhibit high adhesion peHormance to the medium-protecting layer 26 due 0
the hydroxy! (OH) group provided in the end group. In particular, in the
configuration of the embodiment in which a surface treatment layer containing

nitrogen is provided on a surface of the medium-protecting layer, since (N*) and



28 0.95 as described above. It can be conprehended by
referring to Fig. 6 that the substrate tenperature
for achieving such the peak ratio Dh/Gh is 157 to
204C. [0086] Fig. 7 is an explanatory diagram
showi ng a rel ati onship betwe églthe Fe concentration
and the peak ratio Dh/ Gh aft the heating. As shown
in Fig. 7, when the Fe content in the soft magnetic
| ayer 14 is less than 30 at% or higher than 70 at%
(DHe haab utigh bfiimitpag eath odterpa High atihesien satbtof iiag hetricetion
layer 14 1s low not to satisfy the requirenent of a
layat cambeabtaingdetvhichtis prefealdeé. 1.2 T. Therefore, the
perfendicular magnetic recordi ng di sk 109 havi ng such
él soft magnetic |layer 14 cannot maintain the

{ e Ip@dsieds he pegcss prbrederreRghaving 3 hydtGih group
indggkﬁgréhﬁ; %fﬂ'Har{'F%rO%%Fl W R cant l ( ed#ﬁﬁgferp%lgk\%ﬁg four per
w@fe‘?{ & at'l'l?s %]{)@a ilgﬁilm]h h tﬁ@%@g%grq? H%]ﬂep@{aﬂnt%sthe

|umpro i'ng aer

a fttrti§ Lﬁﬁ&:ﬁh&n‘? e"f‘rn% Bé'dbhiréca%bﬂegnd Wﬁéntthé number

|ab| e perp ndlc magnet1 ¢ recordi ng

is rélétel@l@ah ﬁ)dre%%ﬂncaﬁ?l Sﬂaéﬁdr}/nan&‘éaﬂay he regaked as aesult of

_ i's larger than 0.95, the hardness of the
th&ﬁﬂhﬂ@lcm rztte@hatng id@inerea@d. s Tthedthivkglss thihedibrieation layer
the brittleness is increased, and the reliability of
malyebqopnqpeﬂgl|coutraHedmanetnaDgeeﬂ@r5jtm@ 5airsk 10@ is because that
reduced. [0088 Accordi ngly, when the Fe content :
a |thickmﬁ§98@ﬂﬁ”¢fd£ﬁéloi % nrraww r@duc% thplubgcaiipraperfermaageand
peak ratio Dh/ Ch nmedi um protecti l.ayer
oAt nIsRNESs AeawTEnd 5 ATy ¥ Tegugp T, agleOn Kate S he

er pendj cul-ar nagnetlc recordlng di sk 100 havi ng
Bieeial et
‘overwite characteristics and being
[d§§8f||ent inreliability can be obtained. [0089] 29
hé‘effectiveness of the enbodinent will be described

;i;engﬁéegﬂrfééé FdRnhebs o4 (e RMRP betheaRds PRSI AT petBendicular
magnetic recording disk 100 is preferably 2.5 nm or less. This is because that
a roughness greater than 2.5 nm may inhibit the reduction of the magnetic
~ spacing. The surface roughness is specified in Japanese Industrial Standards
(JIS) BOGO1.

[0076]

According to the production process above, the perpendicular magnetic
recording disk 100 was obtained. The grounds for the above-described
parameters are shown below.

[0077]

| As described above, in the AFC structure in the soft magnetic layer 14,
the axes of easy magnétization of the upper and the lower two layers disposed
iin antiparallel to each other are usually destroyed by heat of a certain

temperature or higher. This reduces the S/N ratio. However, an AFC



[0090] Fig. 8 is an explanatory di agram show ng
paraneters and effectiveness in the exanples and the
conparative exanples. Here, in thirteen exanples and
ei ght conparative exanples, an LUL durability test, a
pi n-on-di sk test, and a high fly wite test are
perfornmed for eval uating effettiveness. [0091]

Here, an anor phous gl ass substrate was used as the
substrate 10. The conposition thereof is
stalctotenivat Is stedrey tolhentds dymesiubsmidng irnnado dhe abl nragnestic
for a 2.5-inch-type perpendi cul ar magnetic recordin
lagies@utiray thegfoamatiamthereobf BBs minkesrnit poselledd pedoen the
20 mm and a di sk thickness of 0.635 nm Here, the,
belowrdrssribed dieaéisg immediatetdaefote e fgragtor gbte medium-

was observed with an AFM (atom c force m croscope) to
PORANONRY®at the gl ass substrate had a snooth surface
[Opgégng an Rmax of 2.18 nmand an Ra of 0.18 nm

2] Then, an adhesion |ayer 12, a soft nmagnetic

2y 3o d1s Ao PR SRS A la P 0 e
s¢t§f%g%?%np§%§1%uﬁgﬁ§ : (raﬁe:"iﬁéﬁéulgﬂm‘éﬁh@tié BSLRAMGidRs 100
containing Fe at various concentrations and the intensity of exchange coupling
magnetic fields Hex due to AFC. Referring to Fig. 3, it is seen that when the
substirate temperature exceeds a certain temperature, the Hex intensity is
sharply reduced not to function as the AFC structure. The temperature at such
a boundary point (the be!ow—described blocking temperature) varies depending
on the Fe concentration, and the boundary temperature increases with the Fe
concentration.'

[0079]

For example, the boundary temperature of CoTaZr not containing Fe is
about 177°C.  The boundary temperature of FeCoTaZr containing 40 at% Fe is
about 197°C, and that of FeCoBCr containing 65 ai% Fe is about 210°C.  The
boundary temperature has a certain degree of regularity regardless of the
composition of the material that binds to Fe.

[0080]

Fig. 4 is an explanatory diagram showing a relationship between the Fe
concentration and the blocking temperature (boundary temperature). Referring
to Fig. 4, it is seen that the blocking temperatures of the above-mentioned
CoTazr, FeCoTaZr, and FeCoBCr can be approximately linearized so as to be
proportional to the Fe concentration and that the temperature heating the

perpendicular magnetic recording disk 100 can be increased by increasing the

Fe concentration. Here, the blocking temperature (blocking temperature) is a



by DC magnetron sputtering with a 03040 sputtering
machi ne manuf actured by Canon Anelva Corp. The vacuum
pressure during the filmformation was 0.6 Pa.
Det ai | ed description of the filmformation is as
follows. [0093] The under | r 18 made of Pd and
havi ng a thickness of 7 nmwds forned by sputtering
on the orientdtion control |ayer 16 using Pd as the
sputtering target. The vacuum pressure during the
tehnperafure mavnioh tesHdax 8idPe. to[d2@8edseThe nmagneti c
recording layer 22 with a 15 nmthickness nade of a
[0881{CoCr Pt - Ti 02 al l oy was formed by sputtering on the
onset |ayer 20 using a sputtering target caonposed

a cdmih;@ emtmygj[rp@m the b@o%ngpt@mpﬁ@atgfe/&amb@gncrgag@é/djp to
el oo 5 e redtio kg Mnal e prBy el st 1vey 14

Gz [ 0095]

Fig. 5 is an explanatory diagram showing a relationship between the Fe
concentration and the saturation magnetization Ms. Referring to Fig. 5, it is
mseen that the soft magnetic layer 14 has a saturation magnetization of 1.2 T or
more even if the soft magnetic layer 14 contains 30 to 70 at% Fe. [n addition,
when the soft magnetic layer 14 contains 65% Fe, the peak of the saturation
magnetization Ms is the maximum value 1.60. This reveals that the soft
magnetic layer 14 containing 30 to 70 at% Fe has sufficient overwrite
characteristics.

[0083]

Then, the relationship between the heat treatment immediately befo're the
formation of the medium-protecting layer 26 and the peak ratio Dh/Gh after the
heating will be described.

[0084]

Fig. 6 is an explanatory diagram showing a relationship between the
 substrate temperature immediately before the formation of the medium-
protecting layer 26 and the peak ratio Dh/Gh after the heating. As understood
by referring to Fig. 6, the peak ratio Dh/Gh gradually increases as a function to
the substrate temperature, that is, an increase in the substrate temperature
increases the peak rgti.o Dh/Gh, in other words, increases the number of
diamond-like bonds. This enhances the resistance of the medium-protecting
layer 26. |

[0085]
The preferred value of the peak ratio Dh/Gh in the embodiment is 0.70 to



Furthernore, the surface of the perpendicul ar
magneti c recording disk 100 after the formation of
the capped | ayer 24 was preheated. For exanple, in
Exanpl e 1, the perpendi cul ar magnetic recordi ng di sk
100 was heated such that th urface tenperature of
t he perpendi cul ar nmagnetic ordi ng di sk 100 becane
160C by a heating nethod using a heater. The heating
time is about 5 seconds. In addition, the substrate
0 Pérededanibedabovbe  Herauemel compagharaigadiy rtefereiogrtdiﬁi@ 6 that
di sk 100 was confirnmed i nmediately after
thecsubstriatentesnperaturedonachieving peeh e peak mﬂm@lﬂ/@ﬂ isg157 10
chanber using a radiation thernoneter. [0096]
-hernore, a nmediumprotecting |ayer 26 was forned
'0@3 he disk that was fornmed till the magnetic
[G086 rding | ayer 22 by a plasma CVD net hod by

or 3 & o Sk EREy Ehordhy Ay B8 SRR HReYype e
céﬁc&ﬁ%‘n&h a@j ﬁé :?eﬁﬁ éﬁﬁ %ﬁé@ﬁ a{ffér [ﬁ’lé‘ﬁeé% : &)sg'%nown in Fig. 7,

lumprote ni sec.

wﬁgﬁ e FERGRtert i He 55&3 nfd%jrf&b'[eﬁ’jérqfél i5ss than 30 at% or higher

medi um protecting | ayer t he nmedi um protecting

tha@YRY a26, the SalXBasEe thddhalizAtidm MUESF tht Wosiphageetiodeer B4 is
pressure controlled to a vacuum pressure of 3 Pa by

lowmiotdad walisiy thelrgquirémegiesl gaatuaatictbdagoetizationdVis o 1.2 T.
plasma. Thus, treatment for inpregnating the surface

Thsrefare, thedperpendisulse magnatierecommaisk 1%10thaygwwsmthe soft
conduct ed. After the formation of the

mﬂeaemﬂqaeaﬂ é@tanﬁ@t MajERinihe reauired PYRMEES Copracigristics.  In
atﬁ &grgnv‘g f %ng{e\pgﬁ- g(ﬁ" \Al?rﬁog" %%lrjrrosmn %aractenstlcs are

significantly reduced not to be used as a medium.
[0087]

Furthermore, when the peak ratio Dh/Gh is smaller than 0.70, the
hardness of the medium-protecting layer 26 is too low. Therefore, the
scratches are easily formed, and the reliability of the perpendicular magnetic
recording disk 100 is reduced. Similarly, when the peak ratio Dh/Gh is larger
than 0.95, the hardness of the medium-protecting layer 26 is too high.
Therefore, the britileness is increased, and the reliability of the perpendicular
magnetic récording disk 100 is reduced.

[0088]

Accordingly, when the Fe content in the soft magnetic layer 14 is 30 1o 70
at% and the peak ratio Dh/Gh of the medium-protecting layer 26 is controlled
within the range of 0.70 to 0.95, a perpendicular magﬁetic recording disk 100
having sufficient overwrite characteristics and being excellent in reliability can
be obtained.

[0089]



31 transm ssion el ectron m croscope (TEM. The

t hi ckness of the nedium protecting |ayer 26 was 3.0
nm [ 0099] In addition, after the formation of
the nmediumprotecting | ayer 26, the nunber ratio
(NNC of nitrogen atons to cgrbon atons of the

medi um protecting | ayer 26 confirmed by ESCA. The
val ue was 0.107. The neasurenent conditions of the
ESCA anal ysis are as follows: Apparatus: Quantun2000
manuffae bifieditlebg s ol e Enbodineent Wil baydescobeateferring to the
source: Al-Ka ray (1486.6 eV), X-ray source: 20W
follawingne yareplesrandoforapaiayive examytdser : <2x107 Pa, Pass
energy: 117.5 eV, Photoel ectron detection angle: 45 ,
[00885ur ement  subj ect peak: Cis and Ni s,

Fig. 8 is an explanatory diagram showing parameters and effectiveness
in the examples and the comparative examples. Here, in thirteen examples
and eight comparative examples, an LUL durability test, a pin-on-disk test, and
a high fly write test are performed for evaluating effectiveness.

[0091]

Here, an amorphous glass substrate was used as the substrate 10. The
composition thereof is aluminosilicate. The glass subsirate was a substrafe for
a 2.5-inch-type perpendicular magnetic recording disk having a diameter of 65
mm, an inner diameter of 20 l;nm, and a disk thickness of 0.635 mm. Here, the
surface roughness of the resulting glass substrate was observed with an AFM
(atomic force microscope) to confirm that fhe glass sub'strate had a smooth
surface having an Rmax of 2.18 nm and an Ra of 0.18 nm.

[0092]

Then, an adhesion layer 12, a soft magnetic layer 14, an orient_ation'
conirol layer 16, an under layer 18, an onset layer 20, a magnetic recording
layer 22, and a capped layer 24 were sequentially formed on the substrate 10
by DC magnetron sputtering with a G3040 sputtering machine manufactured by
Canon Anelva Corp. The vacuum pressure during the film formation was 0.6
Pa. Detailed description of the film formation is as follows.

[0093]

The under layer 18 made of Pd and having a thickness of 7 nm was
formed by sputtering on the orientation control layer 16 using Pd as the
sputtering target. The vacuum pressure during the film formation was 1.0 Pa.
[0094]

The magnetic recording layer 22 with a 15 nm thickness made of a



Anal ysis region: 100 um9, and Cunul ated nunber: ten

tines. In addition, Ranman spectroscopic anal ysis
after the formation of the nediumprotecting | ayer 26
showed a Dh/ Gh of 0.80. [0100] In addition, the

Raman spectroscopi c anal ysis. was perforned by
irradiating the surface of 3% nedi um protecting

| ayer 26 with Ar ion |laser having a wavel engt h of
514.5 nm and observing the Ranman spectrum due to
Charpin T Ehadllogniarg forpreedsy suttating omihenomdee layen2d wding a
900 to 1800 cm 1. [0101] ,Fig. 9 is an explanatory
splitEgingriarddt estpsiedgfanCoCnlig BiQaf(Ca: Raailh, Bpddt atten TiO2: 9
Here, ip the wavenunber range of 900 to 1800 ;:;cm 1 of
atthoerminders pot aloynasiae sgridering Wieget o TheumceseepEssure
was anended to straight-1ine approximtion, and the
dyingthedilgrierpation was 3-Rd® peak to the G peak was 32
[O%tggjerm' ned as the Ch/Ch. [0102]

Furthermore, the surface of the perpendicular magnetic recording disk
100 after the formation of the capped layer 24 was preheated. For example, in
Exa_mple' 1, the perpendicular magnetic recording disk 100 was heated such
that the surface temperature of the perpendicular magnetic recording disk 100
became 160°C by a heating method using a heater. The heating time is about
5 seconds. In addition, the substrate temperature of the perpendicular
magnetic recording disk-1- 00 was confirmed immediately after the formation of
the magnetic layer from a window of a chamber using a radiation thermometer.
[0096] |

Furthermore, a medium-protecting layer 26 was formed on the disk that
was formed till the magnetic recording layer 22 by a plasma CVD method by
introducing ethylene gas at 250 sccm under a vacuum pressure of 1 Pa and an
applied bias voltage of -300 V. The fiim-forming rate for forming the medium-
protectingr layer 26 was 1 nm/sec.

[0097]

Furthermore, after the formation of the medium-protecting layer 26, the
medium-protecting layer 26 was exposed to a nitrogen atmosphere under a
pressure controlled to a vacuum pressure of 3 Pa by introducing only nitrogen
gas at 250 sccm into the plasma. Thus, treatment for impregnating the surface
of the medium-ﬁ)rotecting layer 26 with nitrogen was conducted.

[0098] o
After the formation of the medium-protecting layer 26, the thickness of the

medium-protecting layer 26 was measured by cross-section observation with a



The Raman spectroscopic analysis is usually conducted
before the application of the lubrication | ayer 28,
but the Raman spectrum may be neasured after the
application of a lubricant. The Raman spectroscopic
anal ysi s conducted before and after the application
of a lubricant showed that the Dh/ Gh val ues were
exactly the sane before and after the application and
.reveal ed that the perfluoro pol yether-based

irandimissati electray anicrogeope (Fiykl).oxVhe gricuessiof thé enadigm-
groups did not affect the Ranman spectroscopic

pratettygilgye 2B@ak 3.0 nm. After the formation of the
medi um protecting | ayer 26, inmqersion cleaning in

[099PE water at 70C was conducted for 400 seconds, and
then washjn rt her conducte

secdﬂ@éjg'tlé&‘?ﬁ e the ﬁg\rﬂgﬁ% %ﬁyh%ﬁﬂwmtﬁcg@%&ﬁg& the

) 0104 , i i )
nyiEbef 6 (RLERakNTIbdRh PR sarBell alPRi A TR Re gtk Botecting
lag8P5s s M AKE by ABSBRACE 1o dhifis Was(PFOT. PG measurement
c tdrdd SahbEsS@R a‘ﬂaﬁ%@éred%ﬁfll!éh%@ Formblin Z

erivative manufact d by Ausinmont Co., Ltd. was

us e AppEtEIUEOTRARASMPES) athudactlii thy dhexyPhidnoyps on
each end of a main chain of PEFPE, that is, the

conmpéundeuiiativngouecd: AlrKdyaly ohdB86.8ye¥lps per nol ecul e
in the end groups. The thickness of the lubrication
| ay ef-r@Bsearse 120 YWim :

Vacuum pressure of analysis chamber: < 2x1 o’ Pa,

Pass energy: 117.5 eV,

Photoelectron detection angle: 45°,

Measurement subject peak: C1s and Nis,

Analysis region: 100 um ¢, and

Cumulated numberf ten times.

In addition, Raman spectroscopic énalysis after the formation of the
medium-protecting layer 26 showed a Dh/Gh of 0.80.

[0100] _ _

[n addition, the Raman spectroscaopic analysis was performed by |
irradiating the surface of the medium-protecting layer 26 with Ar ion laser having
a wavelength of 514.5 nm and observing the Raman spectrum due to Raman
scattering appearing in a wavenumber band of 900 to 1800 cm™.

[0101]
. Fig. 9 is an explanatory diagram illustrating an image of a Raman
spectrum. Here, in the wavenumber range of 900 to 1800 cm™' of the Raman

spectrum, background due to fluorescence was amended to siraight-line

approximation, and the peak height ratio of the D peak to the G peak was



[0105] As in above, the produced perpendi cul ar
magneti ¢ recordi ng di sk 100 was observed for the
surface roughness with an AFMto confirmthat the
surface had an Rmax of 2.30 nnn and a Ra of 0.22 nm
and was snmooth. In addition, the glide height was
nmeasured to be 3.2 nm Vhenqauaflying hei ght of the
magnetic head is stably set to 10 nmor less, it is
desirable that the glide 33 height of the
determanrdi auiher Diviiinet i ¢ recordi ng di sk. 100 be set to
4.0 nmor less. [0106] The perpendi cul ar
[Oté8het i ¢ recordi ng di sk 100 obtai ned as nenti oned
above was eval uat,ed and anal yzed for the various

per fOMTBATER SNRSIESEORIA ANy SIS Unkichy cradweed befrgane &
anrivatien oa s koatan byen 8. Oy Be S BasRRCFUTATaE bR
e G AR 26RO SRR | Ll el e
a5 e oS B R U B Sowed
thEBSHRIH AL Y¥&Svere exactly the same before and after the application and
revealed that the perfluoro polyether-based lubrication layer having hydroxyl
groups in the end groups did not affect the Raman spectroscopic analysis.
[0103] |

After the formation of the medium-protecting layer 26, immersion cleaning
in puré water at 70°C was conducted for 400 seconds, and then washing with
IPA was further conducted for 400 seconds. As finishing drying, drying with
IPA vapor was conducted. |
[0104]

Then, on the medium-protecting layer 26 washed with ultrapure water
and IPA, é lubrication layer 28 made of a PFPE (perfluero polyether) compound
was formed by a dip method. Specifically, an alcohol denatured Fomblin Z

- derivative manufactured by Ausimont Co., Ltd. was used. The compound has
one or two hydroxyl groups on each end of a main chain of PFPE, that is, the
compound has two to four hydroxyl groups per molecule in the end groups.
The thickness of the lubrication layer 28 was 1.4 nm.

[0105]

As in above, the produced perpendicular magnetic recording disk 100
was observed for the surface roughness with an AFM to confirm that the
surface had an Rmax of 2.30 nm and a Ra of 0.22 nm and was smooth. In
addition, the glide height was &méasured to be 3.2 nm. When the flying height

of the magnetic head is stably set to 10 nm or less, it is desirable that the glide



used as a reproduci ng el enent. The perpendi cul ar
magneti c recordi ng di sk 100 was | oaded on t he HDD,
and LUL operation was continuously performed by the

above-descri bed nagnetic head. [0108] Then, the
LUL durability of the perpengjcul ar magnetic
recordi ng di sk 100 was eval ed by neasuring the

endur abl e nunber of LUL w thout causing breakdown in
the HDD. The environnment for conducting the test was
h&iga! 80MeRidrpehdichlar snagreticeeeordiandiskii®0 kehset tasu@inm or less.
HDD operating environnent. This is for nore
[(d@6Huatel y determ ning the endurance reliability of
t he perpendi cul ar magnetic recording di

L _ ; 100 b )
cond pﬂ@em@ud@sma%%t@rre@ﬁedfawil%m{%éﬁtaﬁ]@&%y megtioned

e Yas egalucte S8 gD “pH 00 el ey ari o ey Hheyeof n the

St h r pendi cul ar - magneti cerecordi ng di sk 100
foﬁlﬁwggcﬁaﬁpgéxanpl es 1 to 13 exhibited the nunber of

[dng? greater than 1x106 tines w t hout causing
reakdown thereof. Usually, in the LUL durability

tgﬁt(%gitg%dgégpiﬁgwsﬂed t hat the nunmber of continuous
g breakdown be

An LUL durability test was conducted using a 2.5-inch-type HDD being
rotated at 5400 rpm and a magnetic head having a flying height of 10 nm.
Incidentally, an NPAB (negative-pressure type) slider was used as a slider of the
magnetic head, and a TMR type element loaded with a DFH mechanism was
used as a reproducing element. The perpendicular magnetic recording disk
100 \waé loaded on the HDD, and LUL operation was continuously performed by
the above-described magnetic head.

[0108].

Then, the LUL durability of the perpendicular magnetic recording disk 100
was evaluated by measuring the endurable number of LUL without causing
breakdown in the HDD. The environment for conducting the test was
70°C/80% RH, which is a severer conditioh than usual HDD operating
environment. This is for more adequately determining the endurance reliability
of the perpendicular magnetic recording disk 100 by conducting the teét under
the environment.operating an HDD that is supposed to be used in, for example,
a car navigation system.

[0109]

In the LUL durability test, the perpendicular magnetic recording disk 100

in each of Examples 1 to 13 exhibited the number of LUL greater than 1x10°

times without causing breakdown thereof.  Usually, in the LUL durability test, it

is required that the number of continuous LUL not causing breakdown be



34 greater than 4x105 tinmes. The nunber of LUL of
4x105 tines is conparable to the use of about 10
years under the usual environment operating HDDs.
[0110] (Pin-on-disk test) The pin-on-disk test
was conducted as follows. That is, in order to
evaluate the durability and ¥he wear resistance of
the nediumprotecting |ayer 26, the perpendicul ar
magneti c recording disk 100 was rotated while a 2 mMm
g@iagarerhen 4babf tinrde dheARABerTIFC Wast £x B¥stedests eorhpamdble to
of 15 g to the nediumprotecting |ayer 26 at a -
theasict afaaboudr DesEos dindgr the @Riatmemvironmaeniusparaiting & DDs.
per pendi cul ar magnetic recgordi ng medi um for
[OidDht (Nistgn-diskdesly t he Al 203-TiC ball at a relative
velocity of 2 nn/sec with respect to t

medi Ui Pncinegiskigst wge copgucisn @Sﬂgl.lﬂ%‘i-hgfh%t! '$.di gder to

ol AR TP Ih A 4SS UR e GRBESG el ing aver
2 BB G G heacer BB AAEAE0 s R onik'a 2
GRS Bl (TR, LRy R B o8 Rt

profe R 15)@ 26 464 Yokition!diRreERBAGHY G0 PecRRflinadhRas the

not brought 1nto contact with thée perpendicul ar
péfaengicuiar hesgelicvecdidifg d@iunihier eftatively slidisg e AbOD,-TIC
test is a durability test under severe environnent
balbaipareldiiteovelotingbf 2myiseomitbrrespect tadlee nieshiumxenopoting layer
the nunber of the sliding rotations of the o
2@er Panaumbeaof stidingtrpiatioas ontil thg ascyrrenoe obbreakagplie the

1 was 501 tines, and those -in all other exanples were
mgdisePretRaing Gy er i%ééusPéPyziFe(SﬂlP@s Wa MGASHEES est )

qu high fly wite test was conducted as follows. A

[0314] ; nch-type HDD that rotates at 5400 rpm and a

e dond pRFET P ssD i e OR dlhegiorhd BIIEFE iRt

. i . _ I 3 'ag]& l I}‘l E -t .
oef@‘?)re e?gjéeﬁ?%a@?gd@gh\%%%&gﬁDEH msy aﬁi S was usg[j AR
déteFRMcAdE PaRg tRE §8BNT In 2BEiiBRS Mg?tﬂie&hagﬁ@tﬁtﬂdo@rdin head
“recording disk 100 was | oaded on the HDD, and the DF

isTRE badughmine scond&ctoitit tiegokrpendienler atagrietiatrecordirtgedisk 100.
head el ement. The magnetic head was thermally )
Teonetordethis\pinhon besthe atdurabifitydesiudwlarsevaee ampgronment
direction by 2 nm Under this state,
cappargidrig/aciia enyFonsienider usshddar &xamgye. tbadurdearf the
and occurrence of failure by error was,i nc\f.eﬁt-i %at %d
g disk 100 of Example 1

shigingaraialiQns of tBpRATPANGICHEY IcirRCQry
S5 T 5P RBLE14 20 ol AR AW B oo
0348] G (R, Sy st the, i on- ik
aboviIRsATyREG e MEE8 Tonducted as follows. A 2.5-inch-type HDD
that rotates at 5400 rpm and a mégnetic head with a flying height of 10 nm are
used. In addition, an NPAB (negative—p?essu;e type) slider was used as a
slider of the magnetic head, and a TMR type element loaded with a DFH
mechanism was used as a reproducing element. The perpendicular magnetic

recording disk 100 was loaded on the HDD, and the DFH mechanism was



[0114] For exanple, in Conparative Exanple 1, a
per pendi cul ar *magneti c recordi ng di sk was forned as
in Exanple 1 except that the nediumprotecting |ayer
26 was exposed to nitrogen gas at 90 sccm However,
since the anmount of introduced nitrogen was too

snmall, in the high fly wite&est, the failure that
no recordi ng/ reproduction was performed occurred 12
hours after the starting. [0115] In addition, in

of&ERA &) %Mﬁar&?éaﬁ@ﬁt&n Zhe Bbag eldrhentex Toeunaghatiohsacdges
gas at 360 sccm was conducted, the anmount of

thentnaty egeahded witly &me heat toqurotradg én tHEnABEfdirestion iy 2 nm.
speci ficatiqn, 300 tines, in the pin-on test disk,
Undst thisastate treeariding/eproduaiioncras corauaied i €PG koureeand
per pendi cul ar magnetic recording disk in the LUL test
ogayrenpeef dalkya byteraxnuas tvestgated. ¢ A8 BesURdRIrat digdiot occur
. that other co rative ex | es .dq.not ,sati sf
indBespeaing eRromiction 4080 haufs e B Lu.
(;H ?bi lity test, the pin-on-disk test, and the high
[Oflspi" wite test when one or a plurality of paraneters

are : : L
1 o] AP SEIARE fo B AR VLR oy st
HNndi t ' ' i stfiBeéd

e bR a2 My RS By i 1B el Eaenae
eim@p@gamdng and the conparative exanpl es outside the

range, the perpendi cul ar magnetic recordi ng di sks 100
[0dddprding to the enbodi ment can be also applied to a

DFH head and can avoid high fly wite failure even if

t he Rdriexample, infCemparasivelnammpleds @ pripeagiedlar snagnetic

or less and further have suitable wear resistance and .
regprding §isknaas freacsas isExampleahexeent that theqngaimspeotecting

that the perpendicul ar magnetic recordjng disk 100 -

agECeh R9RER0 illin s Sta0 e apIoNgYer gt Tagamount
LUL. 117 . . :

of bR e B hat o ol R I et o

relBRARGPESHOLBERI WAE debidiRRAAATRAN Souts e Be shifing.

I I ST obv at the

I ous present 1 nvention i s not
[ohhB) ted to such exanples. It is evident that those
skilled in the art can arrive at various alterations

and [Aediditiopain ComparaiveEkhmpicpsince ey éXprbuira to nitrogen
Clainms, and it is understood that those alterations
- gaadt 3®0 sEiroatasocenducted ythbanmgnttod intresucedhifiregen was too
scope of the present invention. Industrial 5 ‘
largep| | Tharefdreytheespesjfication, 30@ timessientheinirontiesidislyiest was
be used in a perpendicul ar magneti cﬁ@co di ng nedi um
cy n?qggr@tlc recording

netraahigwed, gad serashes geCkadyl K1e REIP
digk?r? SeSLL(]L tgs[tqg %%hgg ctrart]s at §l>'<1Ud§ times. | It can be understood that
other comparative examples do not satisfy acceptable'values of one or a
plurality of the LUL durability test, the pin-on-disk test, and the high ﬂy write test
when one or a plurality of parameters are different from those in Example 1 and
deviate from predeter'mined ranges. ‘ .
[0116]

Fig. 10 is a plot diagram in which values of N/C and Dh/Gh'in the

examples and the comparative examples are plotted. As seen by referring the



- 37 CLAI M5 1. A perpendicul ar magnetic
recordi ng nmedi um conprising a nagnetic recording
| ayer on a substrate, and a medi um protecting |ayer
on the nmagnetic recording |ayer, wherein t he
magneti c recording layer is a ferromagnetic |ayer of
a granul ar structure having ai n boundaries forned
by a non-nagnetic naterial anmong crystalline
particles grown in a columar shape and contai ni ng at
exaraglesarliied N/C Eange of 0.050 tbHe1 Bednd thgo Dbl @i ramge bbY &0 to
is conposed of a coating that includes carbon as a
0 88iindicatguioneatsohddinaeisguagein thertrawvimgdandhthe mmpar@@ve
. layer at a nunber ratio (NC) of nigdrogen (N
exaraplesrapside the ranges thg p@rmmhqt&armag@etwaﬁ@@ordm@ disks 100
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aédwarng%fmél effHodifBANGAN Be lapyfed kehAMDD f BRINSL bpstem.
recordi ng layer, wherein the soft magnetic |ayer
[ogemprises a first soft magnetic recording |ayer and a
second soft magnetic recording |ayer, wherein the
firsAs mnabees el praigmed iexamgples di the pramtsnmrélon have been
separated by a nonmagnetic spacer |aye

degasibedrrptardng o the asepreparyed &E@W@gﬁggwébismhvmhhat He

preSegL Va1t RIS G GRETP ESex I HGECROAY TG
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mlaﬁﬁlcﬁﬂoﬁﬁ(gar%ﬂ%el%ﬁ@%r'tﬁ‘@ 1SEN&| isBope BF thefsresht ihiPéntfon.
or nore. 47 The perpendi cul ar magnetic
recordi ng nmedi um according to claim1, further

conprising a capped |ayer on the magnetic recording

Indageial Appkeatilityt he magnetic recording layer is forned
so as to have a granular structure. 38 5. The
[Cp@Bpendi cul ar nmagnetic recordi ng nmedi um according to

claim4, wherein the capped | ayer has a conposition
of J@ prasent invention can be used in a perpendicular magnetlc recordlng

medium that is loaded on, for example, an HDD and in a process of producing

the medium.



6. A nethod of manufacturing a perpendicul ar magnetic
recordi ng nmediumincluding a magnetic recordi ng | ayer
on a substrate, and a medi um$rotecting |ayer '

conmposed of a coating including carbon as a main
Qieﬁg’@ent on the magnetic recording |ayer,

conpri si ng: formng a ferromagnetic layer of a
granul ar structure having grain boundaries formed by

a noh- mﬁ@ﬁmer‘dlqmreﬁametmoqdmeéum cnmnpr&mmg alnesgnetic
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Tﬂﬁf@éfﬂlnﬁéﬂyelﬁewb@'ﬂﬂ'endl cul ar magnetic recordl ng medi um

e ok Mfbardicoafifitd WILE RTDKSHGRIRISENCS 6O Br structure
ha\an@ ngram bmv@maﬁof@rmedfbygmﬁommamc nmtéﬂalmon@ dryblz‘alllne
t
ptEles!qPouh i o TR BB B PG et 2ol S

r at ithe mﬂctl}hmmmtecan@lamks Dhm@ppgdzlgf a@oxilamg tHed ifkledeslcarbon
LT LN AT o M S —

waverf or m
(NICH of nﬁr@gem r(Ngatdms mad icantqr (1 )eatbms®f 080 tdf. 180 in a

d
SRR rerpoes M BRERE: R RS SRt preTiibers of 900
torfi800ageT obidinet byrexaitidg uwmu;n(m:prmmn@ !BZe:QM%Er oh ion laser
. - _ forping a so er, bel ow
) 85009914 g 9B B ha Sl B
appegring neat 43450 cmohand ad3 pealgI Gtssppeating meanes2e cmd are
SO i_.c recordin
w B ERrBey f B R Bt LG ol e = '
r ecutheieiy thewnagsetic eetsm‘dafgahedu.hyhcgnpﬂﬁéé@%ﬁtr{'nﬁgnetlc Iayer
0 cturin
ek RE L Bl rosyoimadaiin PPEETR i Heft Falnete Joesdcamipgises a
firgtsodt ma?mﬁ[c mbercm{lgp [dylee andfd sempesofiomhgy A?i{c? FUBRIihg RSver,
A neti,c_exchan u
e b B TSR S8 S F5aR 00T AR #49 sthrated ot non-
mégmﬂntspanen!byéhe magnetic recordi ng | ayer.
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saturation magnetization Ms of 1.2 T or more.

3 THe perpendicular magnetic recording medium according to claim 2.
wherein the soft magnetic layer has an exchange coupling magnetic field Hex of

400 e or more.

4. The perpendicular magnetic recording medium according to claim 1,
further comprising a capped layer on the magnetic recording layer, wherein the
magnetic recording layer is formed so as to have a granular structure.



9. The nethod of manufacturing the perpendi cul ar

magneti ¢ recordi ng nmedi um according to claim6,

further conprising: ggormng a capped | ayer

of a granular structure after the formation of the

magnet i Ehe pepeatisglarayagnetic recordigy m@dmnnrectmd:;gfto claim 4,
j [ CL jp recording

_ %%ﬁﬁ%@% Fﬁgsi ﬁgiﬁgaﬁn%@glﬁne@é}@%pﬁgcapped | ayer

has a conposition of CoCrPtB. 11. The net hod

' ‘ [ . tic recordi.n .
o RS OB AL e e
ingkding awragietia reeondingdayercona sibdtrate, 204@ medium-prdicting

. ' i cul
o eTbOR. & o B B Bk iGn R G R i fnent on the
mpgRetierecontipg iayiengcomprising: exposing to a nitr ogten ‘
: f scem.sQ as. to
ur foR 2 BirofhedrBie Il of s dBRuk sfrE BRYiaR otsin
beunderieg feiesdhbyiaumpmageetic rr@temyieimongl crystallki ;t):ii'ﬂgeles grown -
. . ar netic, .
e linal oRBI SAT LHhehd 3P BEL AR €'6) 7% FREPSunétic recording
lag@rirpr i si ng: formng a Lubri cation | ﬁge_r ,
L I ther c oun Vi .
 byarSaihd hep@Beptla iRyl Lo e ok Ihdbin 2
spestrumceeimonegiittdrescame ima Basan(sk@diruimef wd%aiit&n-protecting .
(1 . et i ! . agnd a .
i et tordn PRARRbUDel G530 Badt - ditime By ciigo the
médiyrr-piciitingsayerf with argugniehilasdrdight haﬁ}mgrsgsgzl.gm WaRklength,
ur, 1 ' t =L .
2 Gedi BT fefl o PRk B 50bdantil aeor 40 A G peak
Ghaappasarighezar 520 ohCl as waveformiseparatsd By af@ém&iérw’@)ction.is '

b, nge from0.05010 0.150. In a Raman spectrum
0'% Eog?'?g’d by exciting the nedium protection |layer (26)

by farmng ihermedisen-protgtiingolbyspbg elbmé&fhbds nm  from
O Bl AR o O RS i BB B kS RE nver
ratippf/6) iof gitiogen ) ke ahy caftidb(C)catorhsiis 0SFERIAS. 50; and
L;%@r@%ég@nﬁﬁq %Héyeq b'erfovt\IrEﬁe \ﬁ%acdnrélti};:)/regc];rd%sg gycf:a:rr,rr wlherein
the soft magnetic layer comprises a first soft magnetic recording layer and a
- second soft magnetic recording layer, wherein the first and second magnetic
record ing layers are separated ‘b'y a non-magnetic spacer layer.

7. The method of manufacturing the perpﬁendicuiar magnetic reCOrding
medium according to claim 6, wherein the soft magnetic layer comprises an
antiferromagnetic eXéhange coupling (AFC) structure containing 30 to 70at% iron
(Fe) before the formation of the magnetic recording layer.

8. The method of manufacturing the perpendicular magnetic recording
medium according to claim 7, wherein the soft magnetic layer has an exchange
coupling magnetic field Hex of 400 e or more.
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9. The method of manufacturing the perpendicular magnetic recording
medium according to claim 6, further comprising:
forming a capped layer of a graniu'lar structure after the formation of
the magnetic recording layer. |
10. The method of manufacturing the perpendicular magnetic recording
medium according to claim 9, wherein the capped layer has a composition of
CoCrPIB. |
11. The method of manufacturing the perpendicular magnetic recording
medium according to claim 6, wherein the heating is performed at a
temperature of 157 to 204 °C.
12. The mefhod of rﬁanufacturing the perpendicular magnetic recording
medium accordéng to claim 6, further comprising: |
exposing to a nitrogen atmosph-ere at a flow rate of 100 to 350
sccm so as to surface-treat the médium-protect_ing layer after forming thé
medium-protecting layer. | |
13. The- method of manufacturing the perp-end'ic:ular magnetic recording
)med'ium arcc'ording to claim 6, further comprising:
' forming a lubrication lay'é'r cohtaining a perfluoro polyether compound

having a hydroxyl groUp in an end group.
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ABSTRACT

A vertical magnetic recording disc (100) includes a base (10), a magnetic
recording layer (22), and a medium protection layer (26). The magnetic ﬁ
recording layer (22} is a‘ferromagnetic layer having a granular structure wh'ere a
granular portion is formed. The medium protection layer (26) contains nitrogen
(N) atoms and cérbon (C) atoms with a number ratio (N/C) in a range from
0.050 to 0.150. In a Raman spectrum obtained by exciting the medium
protection layer (26} by argon ion laser light of wavelength 514.5 nm, from
which a fluorescence is removed, the peak ratio Dh/Gh is in a range' from 0.70
to 0.95, when a D peak Dh appearing in the vicinity 0f1350 cmis separated
from G peak Gh appearing.in the vicinity of 1520 cm’” by the Gauss function.



