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DESCRI PTI ON PERPENDI CULAR MAGNET! C RECORDI NG MEDI UM
AND METHOD OF MANUFACTURI NG THE SAME 5 Techni cal

- Field [0001] " This invention relates to a

per pendi cul ar magnetic recording nmedi um adapted to be
mounted in a HDD (hard disk drive) or the like of the
10 perpendi cul ar magnetic recording systemand to a
nmet hod of manufacturing the perpendi cul ar nagnetic

‘recordi ng medi um Background Art [0002] 15Vari ous

i nformati on recordi ng tpescrRyueNave been devel oped
following the increase.in volune of information
processing in recent years. Particularly, the areal

recording density of a HDD (hard di sk drive) usin
the na PFND&S LBRMABé@?aCd%@C@BQHB@é\AEDM ng
"t or i on. METRHS o BARRACT AR RS TR AN has 20

been required per 2.5-inch nmagnetic di sk adapted for
use in a HDD or the llike. In order to satisfy such a.
TENHERRM . It IS necessary to realize an

i nformation recordi ng density exceedi ng

250Ghi[000tich2. [0003] In order to achieve the hlgh
recording density in a magnetic disk for use 25in a
HDD orThisinventian refates tne ppmenidicnas magnetip Esqeeditg eadiym

SR ep ke MO RREFREER S PR U Ber ¢

perpen fecording s
ﬁ@ﬁeﬁ&@ﬂlapﬁ%ﬁﬁéﬁ‘éﬂreéording medium.

g?%rggﬁ&) SHIQF gﬂlél %%ér]%?}:gg# S s%ﬂré?idg@ arfﬁgfhﬂgoffn%’:}n%gaﬁ:giﬂhg the
Background Art
" [0002] |
VariOus:infonnation'recqr.ding tec’:hniqﬁes have been developed
following the increase in volume of information processing in recent years.
Particularly, the areal récbrdiné’ density of a HDD (hard disk drive) using thé

magnetic recording technique has been increasing at an annual rate of about

100%. Recently, the information recording capacity exceeding 160GB has

been required per 2.5-inch magnetic disk adapted for use in a HDD or the like.
In otder to satisfy such a requ_irement, it is necessary to realize an information
recording density éx;eeding 250Gbit/inch?.

'{0003] | '

In order to achieve the high recording density in a magnetic disk for use
in a HDD or the like, a magnetié disk of the perpendicular magnetic recording
system (perpendicular magnetic recording disk) has been proposed in recent
years. As a perpendicular magnetic recording medium for use in the

perpendicular magnefic recording system, there has been proposed a
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2 perpendicul ar magnetic recordi ng mediumor a CGC
medi um usi ng CoCrPt-Si 02 as a nagnetic recording

| ayer because it exhibits high thermal stability and
excel l ent recording characteristics. [0004] 5As a

~first background art, in order to inprove the

recording density in such a perpendicul-ar nagnetic
recording medium it is necessary to reduce the noise
in a magnetization transition region of the nagnetic:

Pgﬁ)‘%g?cﬂ%r lrr@éﬁ[etlé féHBF&iH&ﬂé&ﬁj@b%r@d?%eduﬁﬁrustﬂ@at it

S 'necessary to I nmprove graln separation and
TorRL 90, Z3td MaghétidReoelinglagelyisdaaluse itaixhibite highhthermal
magnetic recording |ayer. 10[0005] As a
stebligdaridexdelfpntoecorginghehagaciensticepar at i on and
m niaturization of the magnetic crystal grains of the
magnetP804lecor di ng Iayer there is, for exanple, a

?g: hgglég’gﬁlrs‘i% Flg@'é ﬁg(p ﬁﬁer tgnrpuﬁ?’ov%aﬁ’ Jorcﬂnb % g&b in
| ncgb%nhﬂﬁ rﬁ%g;;n%tlé Rtor@hy Rekdiih hiP@ ﬁércessary to reduce the

ressure of "a gas I'mformng gas

ﬁéi@é VB Sladretizatkm trdhsition regiomdr @imbgﬂétic rdowelirey layém
ternms of the-recording density required in recent
yeprove the 9/N rdiid)f | Eat that,dt is uetessaantd ignprove graiy $ez:@ration
the magnetic crystal grains only b¥ adj ust;n%
é@%ﬁb@latuﬂéﬂtmfo Medneficqaystalrrpink & thejRaanelicd oo mg layer.
form r@ogas pressure is increased, there is, for

possibility that the structure of the
20magngd h?nétﬁ?@fcﬂ!irﬂ?rd 'g?alﬁfsteﬁﬁitaﬁgn 3Rd tnlﬂﬁltatu rization of

suf ficient a magnetic recordi ng nmedi um-
frRMagn&R alrgﬁ‘ﬁms[dﬂ@}%ﬂnabhétﬁi fecotd®y lager, there is, for

conventlon |y made of a structure in which an

example, a method such as adjusting the composition of a target for use in a
process of forming the magnetic recording layer by a sputtering method or
increasing the pressure of a gas (film forming gas pressure) for use in the film

formation. Howéver, in terms of the recording density required in recent years,

" it is difficult to sufficiently miniaturize the magnetic crystal grains only by

adjﬁsting trhe composition of the target. Further, when the film forming: gas
pressure is increased, there is, for example, a possibility that the structure of the
magnetic rebor_ding layer is affected so that sufficient reliability as a magnetic
recording medium cannot be ensured.

[0006]

Herein, use is conventionally made of a structure in which anr
underlayer adapted to control the orientation of magnetic crystal grains of a
magnetic recording layer is formed under the magnetic recording layer. There
is_convention'ally known a structure in which a layer of Ru-SiO; or the like is
used as the underlayer (see, e.g. Patent Documents 1 and 2}. In this structure,

the miniaturization of the magnetic crystal grains of the magnetic recording layer
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under| ayer adapted to control the orientation of
magnetic crystal grains of a 25 magnetic recording

| ayer-is formed under the magnetic recording |ayer.

There is conventionally known a structure in which a

| ayer of Ru-Si02 or the like is used as the

under| ayer (see, e.g. Patent3 Docunents 1 and 2). In
this structure, the mniaturization of the magnetic-
crystal grains of the magnetic recording layer 3 is

nlthdeAt iy 24 f& ahd&adleRs of the

E ﬁ%g Irt%]ﬁaa?/ ebs/.qn ?)éélgﬂ%z]%g?‘ér%!a@%&gms econd a?Jy‘ac kgr ound

art, gdjtg)@asy magneti zation axis of a nmagnetic
recording layer-is oriented in a plane direction of ,
t he suvsfasecantl Backgiosing srte thenedsyiRagnadigglion wen af a magnetic
i n-pl ane magnetic recordi ng S ,st_e%n (al sp call edbtthet .

TeeMIginaayeaiF ORaRieetn @ RlansfEraign & YectHrigice o g substrate in
orizontal pagnetic. r rding,: . , [ easy

e snbvenne DR Hg FebRE SEPRR Sih g calid B8 S5
LR : ' ' i26Ralthagndtieheddrd

g B oo 0

SR, ahilvkidichdiembandgtizatien arigriehijosted to bearignteg in a
system the perpendi cul ar magnetic recordi ng system

dissction persndpubs o thet sierfacalof B wbsirate) io thepPrIMERGEAYAT

during high-density recording and thus is suitahle
Magnetiedeeasings st o0 PBW@Q%‘N@{? E*L?. '"{Pdﬂ)’t?s'ragna'c

Conventional |y, CoCrPL-5 0 Q0 Pt Ti (R s i
eeaiL SR, the netoeridic i fiadel CHEEhnG arkid? o fHford

LS A A gt Mgty an

U D s1ABIcRE rResisth the rbesrdirgr ddnsithoundar i es. By
using such a material, since Si02 (or Ti02) is
segred@®@s] around ferromagnetic Co, physically

I ndependent fine Co grains tend to be forped so that
hi gh r%meatiwgalhrefﬁ@@%i-?ﬂ@a@ﬁqo f%te:“glzﬁw usgst 3089]

I n general, an underl ayer. | ' [ ]
RN SPafd e SR 5o PRES RShat 1 BRSPS
i ld ' EROL Ere
(R omne] ot ke e e B e S O
§ddib iRl Y orsgraii B&MdayiePr eBYUingBtch Fmasteiis, SiecaBi@; (or
It 1S known that Ru takes a hcp structure and -
Tibe] Eesgrewstyd arpundyesomagngter Gerrtivsighlly ingependent fipa Co
of the easg magnetization axis : -
grains tend to be formed so that high recording density tends to be achieved.

[0009]
In general, an underlayer is pro(rided for improving' the crystal

orientation of the magnetic recording layer. Ti, v, Zr, Hf, or the like is known as

. the underléyer, but as shown in Patent Document 3, Ru (ruthenium) is currently

predominant. This is because it is known that Ru takes a hcp structure andA
effectively improves the perpendiculaf orientation of the gasy magnetization axis
of the magnetic recording layer composed mainly of Co (cobalt) o enhance the
coercive force Hc, thereby achieving an increase in recording density with a

predetermined S/N ratio and a predetermined resolution ensured..
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~argo

of the magnetic recording |ayer conposed mainly of Co
(cobalt) to enhance the coercive force Hc, thereby
achieving an increase in recording density with a
predetermned SIN ratio and a predeterm ned

resolution ensured. 4 [0010] It is known that even

if the material is the sane,4the underlayer changes

in filmfunction depending on an atnospheric gas
pressure in a filmform ng process. Patent Docunent 4
propo;ggﬂg structure having, as an undercoat 5 film

of a perpendi cul ar nagnetic |ayer, a |ayer containing

r ut heni igrnanel that éved if the mdtbddl-ipthessames the goderlayer changes
at nrosphere and a | ayer containing rutheniumand . '
indiimddnétionalependipgessan atmosgberiagameigasyre. in aripdeeEing
Docunment_4, it is described that the |ayer containioq%t

PRCRENI (RaterPaimRI 4 RIoPIRes LI UESAVENIa Y GH Undere
t e (. d 1 i.hi of. '
TP eS8 Y AR HAL et AR il e
ﬁ%ﬁiﬁhéﬂré‘&u‘i’%%%ﬂ é’tﬂ?o%?ﬁer&%rn@%ﬂta' &r éd?ﬁaiﬁﬂn%hufl’feﬂﬁﬁ#éﬁd
t rosphere (about 6Pa to 10Pa) exhibits an

fhed in & Ww-btasurgagonaitobspheze nelgrizdtest Daguanent[40@1d ]
As descri.bed above, in order to achieve the increase

desaribed thitrige [Hyeeowitaining ruthiesiuan fiag formedtig the low-pressure
%“@%S{tmgf@ff% Er%%&q%%é égf%ﬁ:@‘%?@ el %rtvrﬁéﬁ]g;%ietn?aﬁi@n of the
Poanerryer LB i ey RES AP TERPib T RieRILEED
Foh 3950 LRI REph L1200, 0, plp et or e
bt ofaheé %gﬂég@laﬁrgglt he followi ng 20 net hod has been

enpl oyed so far. 2] :

[0011]

As described above, in order to achieve the increase in recording
density, it is effective to miniaturize the magnetic grains. However, if the
magneticA grains are exceésively miniaturized, the number of atoms fo}rning
each magnetic grain become_s too émall, so that the thermél fluctuation
phenomenon arises as a problem like in the in-plane magnetic recording
medium. In order fo a\__/'oid this thermal fluctuation problem, the following
method has beén employed so far. '

[0012] 7

Specifically, it is & method of further providing a pre-underlayer under an

underlayer and optimizing a material or a film structure of the pre-underlayer to

facilitate the alignment of the orientation of crystal grains of the underiayer,

" thereby indirectly improving the crystal orientation of a magnetic recording layer

to improve the coercive force. The material of the pre-underlayer can be
selected from various materials such as, for example, Ni (nickel), Pt (platinum),

and Pd (palladium).
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-recor

‘madnetin peoreng 8ystems the peragndicular magne

Specifically, it is a nethod of further providing a
pre-under| ayer under an underl ayer and optim zing a
material or a filmstructure of the pre-underlayer to
facilitate the alignnment of the orientation of

crystal grains of the underlayer, 25thereby
indirectly inproving the crystal orientation of a
magnetic recording |ayer to i nprove the coercive
force. The material of the pre-underlayer can be
selecqggﬂﬁron1various materials such as, for exanple,
Ni (nickel),. Pt (platinum), and Pd (palladium. 5

[ 0013]ads tHirdt thickgrdumalkegt, Guodieatd achievedtigie redoodiag kieesity in
hi gh recording density in a magnetic disk for use in
a nidighetic dishdor udedn & HDDsorrtbe ks diriy neeespan gt minigterize

magnetic crystal grains formng a etic recordin
mageelicysiphgrams PEBBIE MATLS BRIy iS§R4NY taegord an

further to redyce.the thickn 0 I

e siafel Rl o LTS FRBhndgty R Bber. However
mmggé Bt 4 e85V dBAST Sorfmelcidlized hfagnBtiPUBR®f RO IArfe
recording system as 'a result of the advance in
MafhaficiccariinPeysMmnag ekt aiits bavargean ndniatunizatorhals
arrsen the so-called thermal fiuctuati on phenonenon
miagnetid trgstahgraite, thera bk iarigernthessoreatled deermal ueiuation
degraded due to 10 superpar.amagneti sm so that the
plarsnmrnpnovhprg|the thargst ,Stamlﬂygﬁ

- I - i H t .
OB TS O e pleel Skl o manetia

pesi8ePlb ddMR Ry iIRRRdiryfastor Rgaghet: disicof the persyrsliceiar

as is different fromthe in-plane magnetic recording

sipgheiin recbedimpsystemdrastbesatpiroposedi s of a main
recor di ngﬁl ayer is adjusted to be oriented in a
di r ectlP8ftlper pendi cul ar to the surface of a

subet g, 2% SOMEREAS W e LA Pt g0 G
@Fﬁ‘%%{nﬁ gr?% tﬁg%-g)mn“earﬂaﬁr?eté%eﬁgf@ §g§?err‘i,nﬁé BBy magnetization

I'on phenoneno Furt soft magneti C

LAY OFf ainSaiR FEMEraing lhyerds pEupeddsd belorienteadnatdiection
recordi ng mediumto enabl e convergence of the
pageatiicalaf tathefsuniaca of ecobsiraig. hAadompatadeviivthe in-plane
magnetic layer and it is possible to gtenerate a shar

ic recording system |E);an
suppress the thermal fluctuation phenomenon. Further, a soft magnetic layer
is provided in a perpendicular magnetic recbrding medium to enable
convergence of the magnetic flux from a reqbrding head by the soft magnetic
layer and it is possible to generate a sharp and Iarge magnetic field as
compared with an in-plane magnetic recording medium by the mirror image
effect, and therefore, the perpendicular magnetic recording system ié suitable
for increasing the recording density.

[0015]

When the magnetic recording layer has a hcp structure (hexagonal

aecoided Sianal IS Aegsgded due to
i npeding factor f - ma corfe e
R 4 TRl B oo
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conpared with an in-plane magnetic recordi ng medi um -

by the mrror inmage 25effect, and therefore, the

per pendi cul ar magnetic recording systemis suitable

for increasing the recording density. [0015] Wen the

magneti c. recording |ayer has a hcp structure

(hexagonal 6 closest packed structure) in the

per pendi cul ar magnetic recording system the easy

magneti zation axis is a c-axis so that it is .
' ictldrinddiRtiB 96¢BMiing system, the

legﬁ? ?%%eof) rﬁderggﬁt}étg?gf%%?%@or dedr?%t 0 ? npr ogeyt he

esdyanbgidtentiod akib @ & caxdssso ihat It s eédesshiyvte orienpthe\d-aés in

a nonmagneti c underlayer with a hcp structure 5under

theerommghditdation e thediubgtratey eln omleCsTiMpIPY®he drgntagion of the

Hf, or the like is known as a nateri al

Zr, Hf, . ) _a . fo m'nég‘
ks s Tes) e (o HRVIdPE RATRAGIRICURSETRMEr Wit A BFR §fyglure

LR BE TRE H BLO, T, E A B s
GRANSE a%‘zﬁeﬁé} ‘?&‘Mi?@ .tﬁé’tﬁr?tferﬂge r, bUPR & kn%Wrﬂthbh@e}\rtl\ilcularly Ru

per pendi ar magnetic recording system the S
(rathieAiutiY can &l Bipieheinifrbi®)headrgstaheriantationi ofehé arageetic
are inproved by form ng the magnetic recording | ayer
recbaling kayeantol anhaste thet coascive fathe ¢1e. a nonnmagneti c
substance or an oxide (see, e.g. Patent Docunent 5)
is sedP@fdted to formgrain boundary portions between

{ner otp tbapng iah FeeMRa e TP g SRR e SAfege:
%riﬁ'il.aﬂﬁ\loiézéjﬁ%tﬁ}grand' tRe @b8Rivel Brdedqt hid iﬁ{p?o%{hetijyg forming the

aturization of the magnetic grains, |
inBBRsiGRcofdhdlaResihtd & grRar@ildrisidicire irh@high derdryagnetic

formed under the nmagnetic |ayer, and thus, a
substsrgeeairian odides (serce.goPatamt BocdeentS)Hd sedregibtsst todorm
the -.underl ayer (see, e.g. Patent Docunent 6%. , din
grain boundary portions between magnetic grains of the magnetic recording
Iéyér, thereby isolating and miniaturizing the magnetic grains. Further, in order
to facilitate the miniaturization of the magnetic grains, it is important to
miniaturize grains of the underlayer forrhe_d under the magnetic layer, and thus,
a nonmagnetic substance or an oxide is added also to the underlayer (see,_e.g.
Patent Document 6).

[0017]

Patent Document 1: JP-A-2002-334424

Patent Document 2: JP-A-2006-85742

Patent Document 3: JP-A-H7-334832

Patent Document 4: JP-A-2002-197630

Patent Document 5: JP-A-2003-036525

Patent Document 6: JP—A—2006-085742

Disclosure of the Invention



20[ 0017] Patent Docunment 1: JP-A-2002-334424 Patent
Docunent 2: JP-A-2006-85742 Patent Docunent 3:

JP- A- H7- 334832 Patent Docunent 4: JP-A-2002-197630 )
25Pat ent Document 5: JP-A-2003-036525 Pat ent Docunent
6: JP-A-2006-085742 Disclosure of the Invention 7 :
Problemto be Solved by theflnvention [0018]

Enbodi nents of the present invention provide a

per pendi cul ar magnetic recordi ng medi um capabl e of o
ReBleRYiosE 86IvidBYy Gwer®attidnn recordi ng density. [0019]
Specifically, with respect to the first background
art, {@8pw ng the increasing demand for the

i mprovenent in recording density in. recent ar

t her o Erabacimanisa the RIEPCRUNeDtRH PIOS SBRMSCHICHEY
magneti c recordi ng nedi ’ 1AL A iU e
aghaereoirarigp et di e h Folb it i rbcdtaing
de?\‘éﬁg' Further, it is required to realize such a :
strutture by a nethod that does not |argely increase

t he cest19] Enbodi ments of the present invention
provi de a perpendi cul ar magnetic recordi ng medi um

t hat Gpecificalyawiih respentigitee fict bagl@grwndg@ré%ﬂl@“dlﬁg the
recording layer w thout incyreasing co t..y[.O_OZg%}t
inrepsing dpmand e (R ETEBLBRENRCRE DA N RoH fEPrS.
i mor th . o C ) _
AR S5 PSR el bR SRS b

C%H%&%trﬁfniﬁﬁﬁﬁnég?étﬁi d'r‘ﬁltél%féaigggfs 8Yhajretc Ascording layer.

el ectro-characteristics”, N ratio) while
FRAMMARAGH i8 GedUredTBastizo suah astrpctopeby b esetlibe theit daés vot

abbreviated as "static properties", e.g. coercive
ldrgetydnciepse e cost.s Entodineents pbihe presedt Imendpaiprryide a
g AR R S
tfg%}falg(irg?nnsf %anzl%c%nﬁiﬁ& ?éﬂr%th%ﬂﬁ%ééiné ResSN ratio is
[0020] 7
With respect to the second background art, in order to improve the
recording density, it is necessary to enhance the electromagnetic conversion
characteristics {hereinafter abbreviated as "electro-characteristics”, .g. SN
ratio) while enhanéing the magnetostatic propertiés {(hereinafter abbreviated as
"static properties",'e.g. coercive force He). This is because even if the |
recording density is increased by an improvement in coercive force He, this
does not lead to an improvement in performance as a recording medium if the -
SN ratio is reduced.

[0021]

Embodiments of the present invention provide a magnetic recording
medium that can achieve an improvement in recording density by improving the

coercive force He and can also increase the SN ratio.



Enbodi ments of the present invention provide a

magneti ¢ recordi ng nedium that can achi eve an

i mprovenent in recording density by inproving the
coercive force He and can al so increase the SN rati o.

8 [0022] Wth respecg to the third
~background-art, recently, a further increase in

i nformati on recording density of a magnetic di sk has
been requd so that the information recording
capacity exceeding 160G is required per 2.5-inch
nmagnet i cwith séspaeapttesithirebabRfolmd art, B¥rAYy, 4 fihbl ikérease in
in order to satisfy such a requirenment, It is '
neipéswation teoondewl densitaef 4 magnetetdisirhasdeen dequired enshdt yhe
exceedi ng 250C0i t/inch2. For enabling such a hugh

r eBBaRY @eprdingycapagity axcording 460GB isgefiuiradwar 2.5-inch

S A BRSBTS S e
ladf@hhi'r et P MHecOlsaftod8hIle athni%rrﬂgtgfﬁqu(Sa}fiﬁg%ﬁgwg

~ layer tor mniaturization of magnetic

acoeediing 260GEieeh? e Fot enadlingBLBPE highawedeing debsity @ is
addi ti on anobunt of the oxide increases, the oxide is
s gtpuegsre th fatthegrrainiaturize morgnetip grainsdn smpve lifet SiNratio
di stance between magnetic grains increases to reduce

t Ho'deHhpisg Rafiok hdt isdsapnst tocingieasa hejadditing amaynkefian oxide to
recordiq% Iq¥§r. Wier incrgﬁsip %hg de Sit%QOf ing ¢

1 i BpanettsRce Bba aren b e e IR s P ar e asuging to a
S r@‘)n_lv@ﬁtigW?f th&th8d.C eﬁ&\ﬁé\{% niuvhe radQﬁio?Q%ﬁH & i &i&%in@rregses,

requi red for ensuring the output of "a signal, an

t e ekide & sdofejafied &t graihibBlLhddrg pbRBNbH thak thel dathh@bedleen
magneti c grains by the addition of the oxide to the
megagststic grasoindieased tayeduce[tb® 28hsity of the magisstiagediteein the
met hod for mniaturization of nmagnetic grains, it is

al "eRENENBTRFOrHag layele YMhsndRqisasing hedensityedf Mpwentisy

addi ng. an_oxi de ta an under|ayer, to, mniaturize

o inra BiRBai o bReRiastattaet nlk S oftsih nEgoerers
Bl Do T Tig B o RR oF% i and reyefore:
oxhele i¢ @ licht @ BreemihReurtaiet 6l magnedio GadinOby Bk adidition of the
magnetic | ayer, the control becones difficult. [0024]
Erebsisigi tordhet magretictiecqudieg éayer.i nventi on provi de a

per pendi cul ar nmagnetic recordi ng nmedi umthat can, by

9 niniaﬂﬁ?%ﬂing grains of a pre-underiayer |am nated
under a rlayer. . mniaturize crystal. grains, .of

e unadpiiager Do RBliEitLRy & hRhfric db dudho

t RoRNGh MM ANEFizatbh ROMabIROE PN 4116488 ¥3drAlinderlayer to
orientation and reducing the density of the crystaf.
grmainzsuredrdios o by udderayart hoslveler, naroordagtt this theHd@Nsince
a perpendi cul ar nagnetic recordi ng medi um Means for

Sdhg crygtal préeritationl of the] OBRBRYgrFIashe degreded dde totee addition of
present inyention) _As_a perpendicul ar

r 0o PYAR P Frairdmine sostal origntation, Ofmdagesticlaverythe conteo!

[ ' ft magnetic layer is forned over a
sﬁﬁ%@@éggakﬁﬁis soft magnetic layer is made of, for
exanpl erpp2my anor phous soft nagnetic material. Over

t he sof% magnetic | ayer, a pre-underl ayer (seed

| ayer) Embbdimeets sfshapiesestitingryish pfdvidaea papertdiculdrenagnetic
seed layer is a layer that serves as a species of
cF8eerding gediyot thhekearpbyr espective | ayers to be fornmed
over the soft magnetic |ayer and, for exanple, is a

| ayer that serves as a base for an underlayer with
respect to a magnetic recording |layer. The

under | ayer, the magnetic recording |ayer, and so on

are fornmed in sequence over the seed | ayer. For

exanpl e, the underlayer controls the orientation and
the grain size of magnetic crystal grains in the
magnetic recording |ayer. [0026]



In connection with this, the inventors of this
application have found that, in order to realize the
recording density required in recent years, it is
necessary to control not only the structure of the
under | ayer but al so the structure of the seed | ayer
under it. Further, the inventgors have found that, by
adding to crystal grains of the seed |ayer an
addi ti on substance in the formof an elenment having a

smal.l er atom.c radius than a,material of the crystal
QPHIAINTENG AP QI PTEAPSRTIaYar TR giacindsy 2n H00EIAEe
seed | aver I i ' : : -

R B S8 ordlhe Y Bl a4 et Berlaminated over
ChéSiralungEAbyRs wWitholf e P &dAg 'tiﬂé’&ﬁstal bridrBatResdriddedutifg the
m niaturi ze crystal grains of the underlayer and, as
adémsitylof the @ysthisgrains zindtto pravédera grathod otmpstfaktuwgngisnsh a
of the magnetic recording layer. The first aspect of

t perpendivafar magnsiicireaoTsiRg Mesliym| | owi ng st ruct ures.

[ 0027] (Structure 1) According to a first

aspect, there is provided a perpendi cul ar nagnetic

r r.di 3ol ed to record information by a
p@%ﬁt‘%@%&%tﬁgﬁe |8[té1 recordi ng system wherein the

per peng@@ggj]ar magnetic recordi ng medi um conprises: a
substrate; "a soft magnetic |ayer forned over the

subst r gFiest aspect of thie presenticesritangr (seed | ayer)

formed over the soft magnetic |ayer and containing

seed cApstperpedicUar recordinggnediugy Hpeis wirlaly naade of apsfrugture

base_for tal  grains

Thwbiarg ot e oyers farnedl o BauppByE,  This gft medeti
I g i ni i . 1.0l
L

%offﬁﬂ@@{éﬂ% 1425 04 Blenshdeu9ér (688Y fiyerng fdfeaels £first crystalline
crystal grains with a crystal structure that is

daydrr ofHeeskdalayerds ateyer tray servenias meipeciesef crystal structures of

pre-under| ayer (seed | ayer) contains the seed

Jeyeadive favernio hefarmed pyver the sofienagnglic fayer aRg fey xample, is
rains of the underl ayer, an . an addition .

S TnEsYes o7 & bagal Asdnegavent BegBEih e Bronete

%%%%rﬂ@ugg%rf g?ﬂ? ﬁﬁger%r ePthé& higpBlic R8I, BYeBRESE on are

an an dtom c “radi us -of an” el ement

framiad i deRBef@s\ef thisderld 18¥ari NFor example, th8uaderlayer controls
per pendi.cul ar magnetic recordi ng mediumis nounted

ithe ofientatiameand the graiiBiredf mbgngtér grgsidl grainann tregnagnetic
recor di n% system [0028] It is considered that an
geeonging layeh a snmall atonic radius Iike such an

[0026]

In connection with this, the inventors of this application have found that,
in order to realize the recording density required in recent years, it is necessary
to control not only the structure of thé underlayer but also the structure of the |
seed layer under it. Furthef, the inventors have found that, by adding to crystal
grains of the seed layer an addition substance in the form of an element having a
smaller atomic radius than a material of the crystal grains of the seed layer, the

crystal grains of the seed layer can be miniaturized. Further, the inventors



11 addition substance enters the crystal structure of
the seed layer to facilitate mniaturization of the

- seed crystal grains. Therefore, according to this
structure, it is possible to properly mniaturize the
seed crystal grains, for exanple. By properly
mniaturizing the seed cryst@) grains, it is possible
to properly separate the seed crystal grains

t her ebet ween, for exanple. Further, by this, for

hepanas it b B g SO Tt B Hebettafer 1R
%%s% Rl 1o ﬂeﬁ]uc‘riz%z%rgagl egggiﬂ? 8f {re UrReRhgtrhdl 8y aredunato also

or med over ayer, and turther to

PhARRAZE HEGRIRI Rydthigraingd oNhetrhagredtie reesrding Fayet.hdhe first
by the mniaturization of the nmagnetic crystal grains

afspbot dftthe pegeat ingentimohals the follpwingasttiatuessepar at i on
of the grains therebetween, it is possible to reduce
the noi@27 o thereby properly increase the recording

d ' 029 . Hith . _
cont 1 ol SHTENd) GRSEHCER, 19 of Db 4GRE: Hog by plivided a
g{e?%%}fdd%a% r?ﬁgﬁ%tﬂ;ggeggr‘alirf zglr%fif%l'g’{‘ %g%ﬁﬁgtrto. B‘P%cg]@ fformation by a

RESEHHiGRs FHaGhGTC, reberdingf | syetepe, alhérbin sthed pleayarrdicular
on the grain size of the nagnetic crystal grains of
trhagnetgneiconding cozdiismgedragriseshas not been consi der ed.
[0030] Herein, the soft magnetic |ayer is, for

exanpl @ sulsha®er with an 20 anorphous structure. The

f ic | b | am AN f
P ur al Ppandanstt el imet et B8 At [ O
antifegrn Qg%gagﬁéﬁl(ééédqég%ﬁﬂﬂﬁmﬁ%b@ fd éél‘t':ﬁaﬂnetic layer and

Anti ferro-rnagnet’ c "exchange coupling) to each other

td&hﬁﬁi’rﬂh% 3eHPBRRENGHIN Aaugstal gtaristhakskrid as elietsadencrystal
[0031] 25The seed crystal grains in the seed |ayer

agrainsfafrarex@pepllayercryst al grains of an alloy
O vy e B0 (BB B
Bt SRETABE B ST B PR RS o
e}der; and

a magnetié recording layer containing magnetic crystal grains with a
crystal structure that is controlled by the underiayer,

wherein the pre-underlayer (seed layer) contains

the seed crystal grains that serve as the base for the crystal grains of
the underlayer, and

an addition substance that is added between the seed crystal grains
and composed of an element having an étomic radius smaller than an atomic
radius of an element forming the seed crystal grains.

This perpendicular magnetic recording medium is mounted in, for
example, a HDD of the perpendicular maghetic recording system.

[0028]

It is considered that an element with a small atomic radius like such an
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12 anor phous structure. Therefore, the seed crystal
grains may have a crystal structure different from
that of the magnetic crystal grains of the nagnetic
recordi ng |layer. For exanple, the seed crystal grains
may have a bcc crystal structure or a bcc crystal
structure close to annrphous1 [ 0032] As the
addi ti on substance in the seed | ayer, use can be
suitably made of, for exanpl e, boron (B).
félcflt?cfrf@ﬂﬂsi‘aﬂd ’en‘térs it E9BEI SRl@GretdT i Seed @&eﬁ‘?@a‘ﬁ@lll@te
carbon (C) or the like. Oher than that, it is
@iudestied of theusernd Ergstabgraimsl e Thereforef aw:rrdmgio this
interstitial elements. 10[ 0033]

strudbure aif srpdssible mpr@narrkspmlatanmfheagﬁ&d m@lagrﬁnrﬁgf%

PGP Py pioRedy FHEiaGAR L g SeaH Bl alaibe 1€ PerdbRlp

t he magnet i

PR YO8 b e Pheh 5 BT k98 b

ﬁzﬂserfér(éx‘égﬁép@ﬂ is YodsiBR tBfpropaly RBRRGM thar Idgraigs of the

ayer can roperly controll éd. The crystal grains

intierlageratitethbayagndia\veystél@raies afifieenagnéicpesonding laye. that
[ 0034 The magnetic recording |ayer has, for

aedomiar over g reed ygr, and fuithestte gEanerly sepataie e grains

PR St g Ly B S SN o
|

B4 5 BB g Y TR oo, i

%ﬁsm?é(mldﬁce PRORGEL fo fcYatydropédy ercdie G rddordihg Besity.

Cp structure and are oriented in a direction
corregporgji ng to the crystal orientation of the
crystal grains of the underlayer. The nonmagnetic

“subst d-httertat thetrescgssifnofinsntiating theograirosise péihermagraic

P s 05 e SRS o5 PSR B coppper
Ii?esergotcbe)éﬁtrgtlzo rl:?écp S F%rrt%ef: P(éﬁﬂher%eaéﬂﬁe gfae@iby@" BﬂXhé)Bram

size of the magnetic crystal grains of the magnetic recording layer has not been

considered.

[0030]

Herein, the soft magnetic layer is, for example, a layer with an
amorphous structure. The soft magnetic layer may be a laminated film of a
pluraiity of soft magnetic material layers antiferfomagnetiéally
exéhange-coupied (AFC Antiferro-magnetic exchange coupling) to each other
through a nonmagnetic layer interposed therebetwéen.

[0031]

The seed érystal grains in the seed layer are, fo'r‘example, crystal grains
of an alioy containing N| The seed crystal grains may be crystal grains of an
alloy of Ni and W or an alloy of Ni and Co. The seed crystél grains preferably

have a crystal structure thaf tends to grow on a magnetic layer with an
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13 and W Wth this structure, it is possible to
properly mniaturize the seed crystal grains of the
seed | ayer, for exanple. [0036] (Structure 3)
The additi on substance is a substance that does not
chemically react with a material of the soft nagnetlc
| ayer and the seed crystal dkains. Wth this
structure, it is possible to properly add the

addi ti-on substance. Herein, "that does not chenlcally

' 5(%6 fdho \ggtsﬂuétu@t eftlepbofd, tﬁ@%épérgstﬁpﬁﬁ%' rfiay BAY@S a aRftal

he 'se crystal grains" neans t for exanpl e,

éth.aitu@Qﬂﬁer@ﬁltfr@ﬂ isdtaottheaiaygnetivesrystal dryins edidie magdeetic
the conditions in manufacturing processes of the

repptingllayat. ar-omeyamples theesraddinigialrasding ma have ahcc crystal
envi ronnent during use thereof &943
$iBIGtyeL Qi Bebep cry$Hal %Hﬂﬁtl{rﬁ&#?%dﬁéf‘l&ﬁ s a solid

" subst Wth this structure, it is possible to
PG5 :

prope d the addition substance. It is sufficient

‘that t/?fth%d.ﬂdﬁ ioPsuBRRALE R fhel sbeBPhyell, ushUaneRsia8ly made

under e con |t|ons I n manuf acturing processes of

bih orraRP] ibordra(B) M dietniatvely dos dongderedito mser for example,
envi r onnent during use thereof. [0038]
¢Bbou¢Chorthb)ikdheOtuditharoihat iths cansidered t@useyfohexamele, )
structure, it is possible to properly miniaturize the
Q%%Gf%$V&$éﬂ9§$H@H§e@?“Fhe seed layer, for exanpl e.

[ 0039] éﬁﬁcond aspect of the present |nventioh)

The |ﬁ9 or-s have nmade intensive studies for solving

the abgy fa&@rr}igd% %%rﬁ le, 2@y é%n%ﬁfﬁﬁ?(ﬁu crystal grains.

backgroun t”an ave p 1d attention to
Thatrystdl g m'ﬁi@rn the undBASNS préterablyisdvel thesamtcaystalrsmfcture

a rmgnetlc recording layer with a hep structure, a

a thah phthiel rnagmetierdrgstal grains lof theimpg @Qtucuet:@rdmgd@vm nyVith this
as a base for the g*rowth of the magnetlc record
q

$tﬁ§ﬁél|dfei, e grientalen:al e masaetherysih r@'r@fof&*ﬂ%/magngﬂ f
netl under I el f
roroEl e VAT 1 by BB ERGOLE  ThaSDYS orifib ALy P Sitraver
ﬂﬁmg ol ayer. As a result of further
%ﬁ%qgé Qﬁ%én?%@ggmavg conpl eted. the second
aspec Og@4the present invention. [0040]
Accorélng to a second aspect, there is provided a

per penthemagnetitageotding legenhati, g axempiﬁnaaﬂa@m%t@ granular
record information by a perpendlcular magne

sleuaivig iR gvhisisa eppmerBaelesyhsiancedMmainhnan ReiipLis segregated to

éﬁr%zgg{rg{cr&r}g) nggmuénqﬁ?rqgggﬁﬁﬁr{gﬁﬁ%? 2UhR ;eﬁ g%ﬁs (Mi&et fains).
ﬁ’ﬁg rﬁ%g;‘r]in%ké @K[gfal &ké?ﬁ@&f‘ﬁ@'rﬁé@étﬂ@é&rd.ng%yé? ARt igvslample,

magnetic Tecording Iayer adapted to

Fr%@ﬁéﬁ’c é\y§ﬂaﬂgl%||ns MEHEIHM Withea PeEsituvtiae ladyedre oriented in a
(intermedi ate | ayer) conprises a first pre-underl ayer

(irettionredieapendingy tr themagalafrieatation aff theycrystdl eragscyniee
pre-underlayer (internediate |ayer) nmade of MAN
underlayer. The nonmagnetic substance a the grain boundary portions is, for
éXampIe, TiOz. The nonmagnet;c substance may be another oxide such as
SiOs.

[0035]

(Structure 2) The seed crystal grains are crystal grains of an alloy of Ni



[ 0041] When the second internedi ate | ayer

| ocated on the upper side is CuX (Xis a
predeterm ned netal), the coercive force He is

i mproved, while when the second internediate |ayer is
NiW the SN ratio is inproved. The order of the first
and second internediate Iayeg§ may be changed. This

i s because even if either substance is |located on the
upper side, both the coercive force Hc_and the SN

r aid W. &vith thisysirostats, ibys possible fagpreperly reinjaterizedbe seed crystal
conpared with the case ongasingle | ayer. [0042]
Torairsofdhe speddagyaseios &XaERt f rom cucr

(coppeﬁq-g%%iom' um al l oy), CuW (copper-tungsten all oy),
and Cu opper-titaniumalloy). This is because as

I ong ag&gfctdr 35 TheladBiioR LUPSKEREE BB fbktapice BRROES nbt
is possible to’achieve an I nprovenment in recording ‘
dpRAicaNly Yeadi ith d rateiabofioe btfermagheticlager aofd thbieeed crystal
under| ayer. 15 [0043] The total thickness of the

i grhies nwith shis stragtare, itisy possitde topopary adwh fhe addifrtsibsiance.
as co ‘ared wth an jnterrrediﬂtée Iz% er | thg[ fo.rmt.of
Herping [thatclpsing) ehemicAly Teaceyilia materd) g) e OB mperiin jover

th I f . CuX i '
Fﬁ{}%[t%%pgc? %&%@8@@1% 6%‘?%2% \}ﬁyﬁ{ @?%@ﬁ fefﬁ?:ag a?eost not substantially
tJHe%@ﬁ@%éﬂ%@er tha&orBRiBhs il Mbhufabtutirg PradessSedofthe

neani ng-of preventing that the space between a ,
RFe&rHicLIA BRGRlideeagdingadeding drirears efiviramatemé tiugng use
l'ayer 14 that enables snooth recording by formng a
nthgreztfi ¢ pat h during recordi ng becones too | arge.

- [0044] The underlayer preferably conprises a first
under | 8@ 7land a second underlayer for which the gas

pressur i ff fro ol Ut ' fui, ;
For mat foryed et p0are SO IEREHER Wilis

t LSt i r 4Rk ditigl etibstane@dat @fsufficient
gﬁgﬂ%’;{, |s$:\[/)gs;‘iﬁfe]ﬁ B?J ﬁ%ﬁ%ﬁderl 233@ has the _
ahaMAe HBBkibe BEBsthMEe Isaytid, fot exarbplesyndenénecoryditions in

exhi bited an effect of enhancing the orientation of .
tihanufagineng processasdif tie p@ya@ndwlﬁht;@gnetwcﬁe@a@'wﬁa@m orin
t hi ckness of each under| ayer and, further, the |ayer
heayirmnment duwesi Y38 Bee9for med in a high-pressure -

ar gon ?@@i]phere (about 6Pa to 10Pa) exhibits an

ef f ect i niaturizing grains of the magnetic

(Structure 5) The addition substance is B. With this structure, it is
possible to properly miniaturize the seed crystal grains of the seed layer, for
example.

[0039]

(Second aspect of the present invention)

The inventors have made intensive studies for solving the
above-mentioned subject about the second background art and have paid
attention tb the fact that, in order to impfove the crystal orientation of a magnetic
recording layer with a hep structure, a nonmagnetic underlayer with a hep

structure serving as a base for the growth of the magnetic recording layer is



recording |ayer. [0046] (Third aspect of the present

i nvention) The inventors have nade intensive studies
for achieving the above-nenti oned object of the third
invention and have found that, by adding an oxide to
a pre-underlayer (orientation control layer), it is
possible to mniaturize crygital grains of the
pre-underl| ayer (orientation control |ayer) and
crystal grains of an underlayer and a magnetic

SR S B iR ey
SHRLEAY % infndlER: 1aféiesdig B eftsasbauiethe oybtalsl of the

S’ OXI erials and, as a result of further

ShHAi8Retidd@Rriagam| A% adeslieoftiinitiet shstirs; theafivertiers have
present 1nvention. [0047] The pre-underl ayer

. (coniptatedithesecomd aspedtay #1g presept BVERHRNy f or med of
at | east one substance selected froma group
conpri KI0ABl al  oys of NNW N Pd, NiCr, NiM, N Ta, MW,

N, N 20N o MOk 0Ebovidod o pdBendiise

added orientation contro

| ayer). is. pg RfciBEbabg @ Eepartiadar
Rt E‘*’:Cg%ﬁé ﬁ{ﬁ%ﬂ% ?Egg)ﬁtgng?%ﬁcgﬁgﬁgf 205 S %:eﬂ) Ti 02,

" Ha@ne%?é&xdiﬂu 20stem] @R0Serpéhd@odar MBgBetiave2oSNgURedUIM
and Nb205. [ 0049] The thickness of tﬁhe L
poeprisiter sybstratecanics pver thersubsiate ot leas) arspitreagnsfiglayer. a
nore, preferably 3nm or re and 20nm por |f .
rnaiseE e ed P ke g WBRTPG MagrehFih 20d bt
| nmor |ess, sin it i L : t
evspeting 5 arieeith datdpida el Pereih et rlnbid,

I | ¢ - Atep@Btia lager) made
ka%ﬁ%%ﬁ)drt%?a %@eéﬁgggg?jgiﬁﬁtéﬁ ?gﬁ@ggﬁt rol ayer? ) )
B GUE EIROAME PEetdrdEpredinetaydrdindemseadiate lbyen egof NiW.
wite head and a soft magnetic |ayer becones |arge, a

wite pegaptic field is weakened. Effect of the

nvent \Il\l(’)hr:ezn[tgg gg(]:ond intermediate layer located on the upper side is CuX

(Xis a predetermined metal), the coercive force He is improved, while when the
second intermediate layer is NiW, the SN ratio is improved. The order of the
first and second intermediate layers may be changed. This is because even if
e;ither substance is located on the upper side, both the coercive force He and
the SN ratio are improved by a synergistic effect as compared with the case of a
single layer.

[0042]

The Cu alloy may be selected from CuCr (copper-chromium alloy),
CuWw (copper—tungsi:en alloy), and CuTi (copper-titanium alloy). This is
because as long as it is an alloy composed mainly of copper, it is possible to

achieve an improvement in recording density without increasing the thickness of

the underlayer.



According to enbodi nents of this invention, it is
possi bl e to provide a perpendi cul ar nmagnetic
recordi ng medi um capabl e of achi eving an i nprovenent
in recording density. [0051] Speci fically,
according to the first aspect, for exanple, it is
possible to properly mniatusg ze crystal grains in a
seed layer. By this, for exanple, it is 17 possible
to properly mniaturize magnetic crystal grains in a
magneti c recording |layer and thus to inprove the
recordﬂﬂ&3gensity of a perpendi cular nagnetic

record Ll'ﬁg FL)cﬂgld[h Mﬂheils%% intermediaté\&G6f Miah etDtot1Ram. This is

second ect, It 1's possible to provide a nmagnetic

1RE908H, B8 BRHaHER With Bn antbingduiate dayedimiredems of g single CuX
increased in both the coercive force Hc and thercan

e e ot o hct o3

| apéave g gn]‘ggglarly large cqggr@ig@ gqrﬁ% i i at%%é %‘gﬂlﬁ%ﬁg@ The
ipe Ik of L8 A et L PR PO NG erHe Bpacs petpen @
P 3 BRI s

g.ggb@ir@e@ﬁfbwinbra Raghetesdtes dudygrecbiding begpraesigpdargal
added w t'h an oxide as an orientation control |ayer.
Furt hefQ044he magnetic | ayer can be |am nated with

al nost no degradation i

| : .. ‘
”ﬁgnet inegandth%V%ﬁéef?ﬁ?g’ ! ﬁ?fisgﬁégg%’ﬁ}'té’ae%'éﬁ?nrr?g‘Po&{/g&ond

‘ o4 quci L - .
iU o e B gt e it cpb et iy fim

t - AW 4 , Fig. 1 i .
ﬁﬁgéﬁﬁ%{??’éﬁ{ﬁﬁ ‘]ew showi ng Ioge exia?rplae of the

struct l{@@‘45?f a perpendi cul ar magnetic recording
medi um 100 according to an enbodi nent of the first £
i nvent iTois is because wigrgthe firgt or seginsintegRedipisjayqrds made ofa

relationship between the track width.and the bi
eCu alioy; gven meﬁﬁpmq as tEﬁ é\pﬁyee-nle_nnoned M?olag%ag gtntpture,

IS a graph.show t ' i ck
o ALl 5 e M R e

F et Sr‘d'drgﬂ}éfé}w% t Rbasifg tife Bidkhass efadchrureisthysr anddurther,

t RO e oF & magneti c recording : :

the layer containing ruthenium and formed in a high-pressure argon atmosphere

(about 6Pa to 10Pa) exhibits an effect of miniaturizing grains of the magnetic

recording layer.

[0046]

(Third aspect of the present invention)

The inventors have made intensive studies for achieving the

" above-mentioned object of the third invention and have found that, by adding an

oxide to a pre-underlayer (orientation ‘control layer), it is possible to miniaturize
crystal grains of the pre-underlayer (orientation controf fayer) and crystal grains
of an underlayer and a magnetic recording layer to be grown over the pre-

underlayer (orientation control layer} and thus to improve the S/N ratio.



18 nedi um according to an enbodi nent of the second

i nventi on. Fig. 5 is a graph show ng the

rel ati onshi p between the thickness of an internedi ate
| ayer (single layer) and the coercive force Hc.

Fig. 6 is a graph showing the relationship between
the thickness of an 5intermgdi ate | ayer (single

| ayer) and the S/N ratio. Fig. 7 is a graph
showi ng the relationship between the total thickness

AP e ahavE RCRSLATUS 5%‘@?%%??“@%%%?%%’%&*
. . . ' i s&nTil ion.
%Hﬂ?éﬁrﬁﬂgeﬁé@i%%%léé@d e tHd & elcobMnef praséhtlihvent

sing ayer IS a cross-sectional

struct Hﬁﬂjq view of a magnetic recordi ng medi um

according to an enbodi nent of the third invention.

Fi g. 9Ths pee-dndeytayer &hvientatignicestrehlayarhisi waferady fargegrof at
Exanples Ito 16 of the third inventjon d - onr nn .
et B subeamSEIPEsd Tora groupoRRislsYs gf NIW, NiPd, NiCr,

i ] I ng. . (First Invention)
C@Wﬁﬁg?%\/lﬂﬁgngﬁr h@ﬁ‘? ahg%?, ing to the first
[ nvent'dmgyzvi Il be described with reference to the
dr awi ngs. ig. 1 is a cross-sectional view 20 show ng

one exaAPbRideTadube 16 tHestewrRledbyer (pRentatinfi caritanl layer) is
magneti ¢ recordi ng medi um 100 according to the _
enbforibiyeiotmed of dree Sulrstandersalastediiom Engrope cpEHFEgINgterials

magnetic recordi ng nmedium_10Q is a net i [ for

R S50, 50, B0, ROt Tava T Nae MaEOs DAl
stem and conprises a substrate 110, an adhesive

I -112, a soft magnetic layer 114, a seed | ayer

25116, r@fagpinder | ayer 118, a first onset |ayer 120, a
second*onset | ayer 122, a nmain recording |ayer 124, a

- cont i NYRSIidkAKBEs oftRB pré-urdekiayer furiehéatibhentraljayerl@d, nm or
and a lubricating layer 130 in this order. _

more, preferably 3nm or more and 20nm or less. If the pre-underlayer
(orientation control layer) becomes 1nm or less, since it is difficult to control the
crystal orientation of an initial layer, the crystal orientation of the underlayer
cannot be controlled,  if the pre-underlayer (orientation control layer) becomes
20nm or more, since the distance between a write head and a soft magnetic

layer becomes large, a write magnetic field is weakened.

Effect of the Invention

[0050]

According to embodiments of this invention, it is possible to provide a
perpendicular magnetic recording' medium capable of achieving an improvement
in recording density.

[0051]

Specifically, according to the first aspect, for example, it is possibie to

properly miniaturize crystal grains in a seed layer. By this, for example, it is



[0056] 19 The substrate 110 is a substrate
(di sk substrate) of the perpendicul ar magnetic
recordi ng medi um 100. The substrate 110 is preferably
a gl ass di sk made of, for exanpl e, anorphous

alum nosilicate glass or the |ike. Since snoothness
and high rigidity are obtaipged, the alumnosilicate
gl ass makes it 5possible to nore stably reduce the
magneti c spacing, particularly the flying height of a

netjc h di h i . .
PSR PR T iRt FRGREH G BRI aftddhSlic regpraing
O R e e i e
rfe%FﬂiH@nM%at us, the respective layers fromthe :
adhesive layer 112 to the continuous |ayer 126 are

for mned0032] sequence on the substrate 110 in an Ar

at nrosphere by a DC magnetron sputterjng nethod. The ..
medi udcperdinscioitoe spegd agpast ks POERRIE tgrpf?‘ﬂ ¢ a magnetic
contjnuous. | ayer 126 b .Of X :
N e T S S
t ' | . i i : di
PRRSEHY el B oMo By B P i

Redfups ABHNGY slﬁ%;v@q.ayé;oih_termwmbeayan in-l1ine type
filmformhng nethod. This enables, for exanple,

uni f orf@®33]l m f or mati on. Herei nbel ow, the structures
and manufacturing nethods of the res tive lrﬁ},ﬁﬁé%

Wl wﬁ:cqr@imtfb@b@prpﬁnwwlahmalga@ts%mw%ﬁﬁq o584y

T [ 112 | i ' .

oo SR YRot Al et Srde By B RERL B i

%ﬁ)&ﬁgﬁmg B{)%IQ %ﬁﬁﬁiﬁtd@@ 1RYBRE R aghtflc affind Weha@fidwering
icrrayer . a material of thé adhesive

ha¥esgnklid grals defdity iR mageetitf laydrary wiegrp hesteral added with
Ti-containing material. In ternms of practical use,

AboXide bhianloniestation cotieol dajiessi Fertherytee magnetis layer can be
prefer ablt% set to mto 50nm In

> A 20n this gxarrH e, thet. ,
lagtirafed wi @y‘g@sthgga%ﬂqwa cpptal paeqyie O%P, hegpagnetic
Ao iy Bdse v frefobirireBrotiucig ©Y

characteristics of the perpendicular recording medium.

Brief Description of the Drawings

[0054]

Fig. 1 is a cross-sectional view showing one example of the structure of

a perpendicular magnetic recording medium 100 according to an embodiment

of the first invention.

Fig. 2 is a graph showing the relationship between the track width and

the bit error rate in Comparative Example 1.
Fig. 3 is a graph showing the relationship between the track width and
the bit error rate in Example 1 of the first invention.

Fig. 4 is a diagram for explaining the structure of a magnetic recording
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[ 0059]- 20 The soft magnetic layer 114 is a
~l.ayer for formng a magnetic circuit between itself
~and-a. magnetic head and is nmade of, for exanple, an

anor phous soft magnetic material. As the anorphous
soft magnetic material, use can be made of, for
exanpl e, FeCoTaZr. The thicKBess of the soft nmagnetic
| ayer 114 5 is, for exanple, 40nmto 60nm The soft

‘magnetic l-ayer 114 may be a lamnated filmof a

Rletiph hedor@hg$95h SMmsHiihbAt Grake sécind iBveTtion,

antiferromaghetically exchange-coupl ed (AFC

Ant i f &g o5 REgHIEPhGhewirtpthgeeatomshimbgtweendbe thickress of an
t hrough a nonmagnetic |ayer interposed therebetween.
hGoseiate ryer tsingle layperantibeicoercive fpste deyst al | ine

| f d t he soft tic, | 14.. |

Ll s debre: PR aBINa e SPEYRE I p BIERRATS ickiibes of an
i th ' b [ | 114. Th

BhertheRie o3t TR Pkl SRIBR, © 0 Y ne being

cryst qi[%g;r Bl NSrabRahoWaig/ B easlaBoRdHe bbMeeh NS tdthl thickness of

grai ns of the underlayer 118 being its upper |ayer

am tht@mnatiikete Tayen conipsisiag deoaaltes ofl SubieindeeillV Bhe tiseeakrcive
crystal grains. This addition substance is in the .
foocenHofin eomparigoenwitthan intgmagdiate daies in B fosm ofaIGudi single
than that of an elenent forming the seed crystal
Y&l ns. [0061] The seed crystal grains in the seed

| ayer 116, na [ I ' V| ;
excarmpla & K e8GR SHGUER yeIT S BifgngiRrecording
HRRinRBcfdmyitd aRlembBfieRt of the hirkkiav@H RN, crystal

grains of an-alloy containing Ni. For exanple, as the
seed OFiysd rla gagiame showingahe ebalustivr asuits obBeamples 1to 16
crystal grains of an alloy of NN and W(NIW or an

afl theyhiod inkientiomdarebComipamtive\lixamples hép 3f or exanpl e,

the seed crystal. grains of the alloy of NN and W

this alloy is preferably 25an alloy containing Ni and

0% Fiatnila of L 8-12:1 i ¢ on

Parthols (P alinor s aml (ogeo " 1T 0 1
[0055] | |
(First Invention) -

Hereinbelow, an embodiment according to the first invention will be

| described with reference to the drawings. Fig. 1isa cross—sectiona[ view

showing one example of the structurer of a perpendicular magnetic recording
medium 100 according to the embodiment of the first invention. The
perpendicular magnetic reco‘_rdirng medium 100 is a magnetic disk for use ina
HDD of the perpehdicﬁlar magﬁeﬁc recording system and comprises a
substrate 110, an adhesive layer 112, a soft magnetic layer 114, a seed layer
116, an underlayer 118, a first onset layer 120, a second onset layer 122, a
maih recording layer 124, a cbntinuous layer 126, a medium protective layer
128, and a lubricating layer 130 in this order.

 [00586]
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As the addition substance of the seed |layer 116, use
can be suitably 21 nmade of, for exanple, boron (B)
or the like. It is considered that such an el ement

~having a small atom c radius enters the crystal

structure of ‘the seed layer 116 to facilitate

m niaturization of the seed1@rystal grains.
Therefore, by adding such an addition substance, it
is possible, for exanple, to properly 5miniaturize

the seqd Gigbal 11@)“9' rb%b%ﬂgt’e (H%ktshﬁétratépofﬁhé@:@Fééhdlcular

separate the grains t her ebet ween. it is
PRYAER RcbRIiMPMedRIPPer. yTid mmrare m) n-: ipeeferegmy alglass disk
grains of the underlayer 118 formed on the seed | ayer
thk6e andonexpreple caroorpbioas ayrzinesilicste glaes aethe likec oBicey

Lr%%&%@égf argde Eébg%,rcﬁ; qaf@ gggaé@e%il :t:tpﬁrsg ég{md%ﬂ%ate giass ma?(les it

bR e Sepapdrcy R e Gt Rtk piriE R i eing
bﬁéﬁlggéﬁz@ggﬁé’t éﬁl%osﬁfbﬂr%t%ﬁégzo%né h&adr & her, it is p0381bie to

I'S possi to Teduce the noise to
Bllilﬁfnqm?jh rigeiteane str@ﬁ?megm@nﬂgalwmngmenmehe thenisesiticate
crystal grains are, for exanple, the alloy of Ni and
Whasd boron (B) is used as the addition elenent, it
is preferable to add Bin the ratio of 8-10:0.5-3 in
terns 8@5ﬂhe rati o of 15 the numbers of Watonms and B
at ons.

carryi L|J1:[§ng, Pr S1AMRIg LY F"é%cual?‘:t‘d ﬁig' ftBE gé %é?%ﬁ'?:ﬂ e f%sé’e"“"e
ggllstﬂ‘cﬂﬁ tﬁ‘% %s[a\ﬁelap@r 1258 thdl caMthuBESs Rayel h’?@ %Fl&\%ﬂ‘n@étln

react wth the nmateéeri al
s&dentBdnehé %ub@%ﬁé 1384 andr btﬁﬁosﬁmeda oy aﬁcarnagnatms
200f the seed |layer 116. Ot her than boron (B), IS
sputssringrecthbd. UEes mediune peotpétive layer H@8 ig oymed omée

Jike as the addition substance., .Alternativel

canlEiuaes iRver 42656 TBhEaTPIPaR (oSN Thedviiaanglaver
?%@ﬁfé %Hgt?é"h(;he un gr iYaé/ler r];l:b fby a glp c%)éﬁﬁg Fn%rthod

ot Bmn s pecy  of om o o o i
The respective layers descri above may alternatively be

“example, an in-line type film forming méth_od. This enables, for example,

uniform film formation. Hereinbelow, the structures and manufacturing
methods of the respective layers will be described in furfher detail.

[0058] -

The adhesive layer 112 is a Iéyer for breventing stripping of the soft
magnetic layer 114 by improving the adhesion between the substrate 1170 and
the soft magne'ticr layer 114. ~ As ‘a material of the adhesive layer 112, use can
be made of, for e;(ample, a Ti-containing material. In terms of practical use,
the thickness of the adhesive layer 112 is preferably set to 1nm to 50nm. In
this exémpie, the adhesive layer 112 is formed by the use of, for example, a Ti
alloy target so as to be a Ti alloy layer of 10nm.

[0059]
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25magnetic crystal grains in the main recording |ayer
124 and contains crystal grains that control the
orientation of crystal grains of its upper |ayers.
When 'the. magnetic crystal grains of the main
recording | ayer 124 have a hcp structure (hexagona

cl osest packed structure), Bhe easy magneti zation

~axis is a c-axis. 22 Therefore, in the perpendicul ar

magneti c recording system it is necessary to orient

- the c-gl s rﬂa§micf19§éml14dé Resjdr &t FOimihG @ rasgssticalireuit

110. In order Yo 1 nprove the orientation of the

etd$bh itsélf ah® aehddgretit heatl @andriowiade ofirffdeexarhyale nai amorphous
recording | ayer 124 the nonmagnetic underlayer 118
suivinagnatidroptesial. udtsihe anaihhets soft mpgnafigrateripk tge can be

structure as that of the nagpetic crystal .grain f
mRde Phifer @cenen RO RAsr T higkpess pLhe Safgpaonalipdaver 114
under | aye 8 cont.rols QL i
e oo 0T RGOn Ry o T Bp AR el A s

() a hess haystal bodrs [ 0065] 10As
I%aﬁgﬁeat%\éﬁﬁ] gg%ﬁ@%lg?%ﬁgéemg%%ﬁggcsui tgblllag IEade of , for
SxASmbRaghRetiRally aydHangeivapkidid FRAmIferse-alagpetc aschangh
a hcp structure. In this case, it is possible to
efufpiing) toedachiatiperdliughe noryeagnetislayen iniemened thereetween.
mai n recordi ng layer 124 and thus to enhance the '
coercil0@Qlorce Hc. In this exanple, the underlayer

118 has. . i S . I [
case, I vy P AR ey EhiorReEober 8 R,

| lﬁﬁggél?ﬁé I:aggr E@SS é’?“}{é BLAFhPR, iHaesdd Ib)?%fell’l 6 M e d WP Betitact

I gher than that r form ng the Ru
Wity 8hd it bBevé terdofl rﬂﬁ?met&i ldger Tl s Thalsesd idyepd$s ciuttains
to nore enhance the effect of -inproving the crystal .
sadceayatal grainsAsing eryatad graing that sarge aggebasgrfor crystal grains of
alternatively be made of, for exangclld?t,lonasl ayer of, Ti

e underlpyer 1 hand 5 KePerSoydRsE an fiop adged’
t 20 dth . ,
belyeen e Soed Sl By iy APGIROS ShostdiElis hthedbiin of an

- %I%K%ﬁ]?haﬁﬁgiaﬂsatﬁrﬂict B8iuSRInhIkf fRINth Aol AAVQEmERorthihg the
nr's”exanpre, the he -

first onset layer 120 and t
S&LPBYsRNgRind. ayer 122 are nonmagnetic granul ar
structfure layers formed in this order on the hcp 25
struct[06@&1]of the underlayer 118. By form ng the main
recordi ng layer 124 on the first an? second on§

| ayer sThee @yi&tzhgrams indhe,geed [aver {16 epLe4e fliggains
2058 pEetaniiley = o THEMHR n s dio Fa g VFATkRMe, §og i be
QilIANELHE 09BNk AipIaL &ysiabgRinPdiedn allod coRtafiset RITP| For

example, as the seed crystal grains,-use can be suitably made of crystal grains

-of an alloy of Ni and W (NiW) or an alloy of Ni and Co (NiCo). When using, for

example, the seed crystal grains of the alloy of Ni and W, this alloy is preferably
an alloy containing Ni and W in the ratio 'of, for example, 8-12:1 in terms of the
ratio of the numbers of atoms.

[0062]

As the addition substance of the seed layer 116, use can be suitably
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23 as the first onset layer 120, use can be nmade of,
for exanple, a nonmagnetic CoCr-Si 02 |ayer. As the
second onset |ayer 122, use can be nmde of, for
exanpl e, a nonmagnetic CoCrPt-Cr203 | ayer. [0067]

- 5The main recording layer 124 is one exanple of a

magnetic recording |ayer an@thas a magnetic granul ar
structure in which a nonmagneti c substance (mainly an
oxide) is segregated to formgrain boundary portions

E%%H@%‘? o BEHRAIL Codrby gl?)atl)r 5 FkES 1| IBMRIdefedihat BFah-an

e€se ‘magnetic cryst grains have a crystal

SibRidht HEANE Qi dteRidnadiuBeniadand ayystal $thacttife fuiyd seed
the first and second 10 onset layers 120 and 122. 1In

ker P fpaadiitatd miniatagrationof the seat] erystelgaing, T berefore, by

exanple, by form ng a magnetic recordi ng | ayer as ay

qﬂcansm saeh 8 adeition éUIP%?ré‘?ﬁ itds P@%ﬁl%ﬁ?efoaﬁa fﬁPﬁ 18 RfoPS
FRIAGHG 2l Al R e KBV REIE LRl Bob B g

7 &]%4&’%’0};% 2l rred\} {I:"SS |tﬁ§( ngllﬁe 16 B r%'réberr@‘?ﬁih el tAY @Fystal

e use. of a hard nagnetic target
gRses &fihd ﬁﬁ@ékd%r anglieRHRINthB Gesi lldyepn168hd endgbe@2 Lrystal
or titaniumoxide (Ti02) as an_exanple of the
grainsagited nairs teeetding ByeBy24 beisqng area mEgnetie monding layer

-l ayer 124 becones a granul ar structure | ayer

aramtfurtmﬁrn@ praperdt $Qpaéat9§h%lgra3m%.m%elzﬁhﬂ@%r pruriter rpyhe
structur

PR ficaion ordhe ERERETORVRR Brard Siobf mfh PEihg veT 1ge
LheiHd ge}ta{gtgﬂ &%@g&@@%dm&&& itié ﬁoé@@@% %c@ﬁﬂe noise

are ori I'on corresponding t

& thekedy iRére§8d Hel @Bor@fngtdé?lsﬁyymbn HHiensdrsd @‘fysttah@ralns are,
under | ayer '118. [0068] The thi ckness of the
fomieRamelE thed alpyl cﬁ)Na rand 24 acdrboben (B)ipesed as e adﬁmpn

range of, -for exanple, 7nmto 15nm The target for
elemenhgt issetaeable fasadsh Bimieatio &) 8r101G:2- 3h'8§eré“5 of the ratio of

conposi tio t ai ni for exanple, CoCrPt and Ti (2
{hemugnlers q?H\??E?Qﬁ'Sr%HCF%% Mabout 9:1 (ol %. By this,

'for e ] t he nonmagneti.c substance is segregated

to for rai n boundari es around the magnetic

subst angin, TRAns BRERYe] c‘éfryiﬁgéﬂut EHeRhdSitidIE #asBreferable that
columar to forma granul ar structure. Further,

theesRiittorgntistance ibest sdlidgaral e a substapie that dbésy ngrdhamically
continuously fromthe granul ar st ruct urein the first |
gt with dhrimatesial of thgsos magnealisdayer 414 ppdithe seed grystal grains

oiho el 7o diah BArbR (5% @6BRYLEEATS LS 1 ©

example, carbon (C) or the like as the addition substance. A]ternatlvely, itis

-considered to use one of various other interstitial elements.

[0064]
The underlayer 118 is a layer for improving the crystal o_rientation of
magnetic crystal grains in the main recording layer 124 and contains crystal

grains that control the orientation of crystal grains of its upper layers. When

‘the magnetic crystal grains of the main recording layer 124 have a hcp structure

(hexagonal closest packed structure), the easy magnetization axis is a c-axis.
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[0069] The continuous layer 126 is a layer in which

t he magneti sm continues in the plane direction. The
conti nuous | ayer 126, for exanple, enhances the '
thermal stability of magnetic recording by the main
recording |ayer 124 through exchange coupling with
the main recording layer 1222 In this exanple, the 10
continuous layer 126 is a CoCrPtB film The thickness
of the continuous |ayer 126 is preferably | Onm or

ﬁ%@@%ﬂn RS BeleRhLAP hf?ggmi %:o_"ﬁﬁ& SYth[QI?%S necessary to

i'um protective I's a layer for
BricHt @6d ERSlistiA ehdTRbinal REEHAH 6Tahé ayisstral@416.r dmaader to
i npact of a magnetic head. The medi um 15protective
ingyreve hzSorientdtionne dhdg-axisoit iesfanive fo poviderder e Bain
filmby the CVD nmethod while maintaini ng, a vacuum
eecoating leyer hef theenaismagneds waderayer 119 62Ving auapetiaicture

carbpon fornmed in filmb h D N [ .
WAl ds 5 3 poAL s e el O AT et osjge of e
bR UL 0 P2 DO i SSs Bl pddper Rt e
e tarbiidiphiiorPor the AR ‘i'eddﬂ@in% e 24 tieougih thenrgneriset layer
héad. [0071] The carbon filmformng the

20l andthy ssceatiionset layer1228 is, for exanple, a film

of hydrocarbon (hydrogenated carbon). Using

hydr odé@étled carbon, it is possible to properly
Ot WS By B0 BERLAIP s d fforampe, o

GRS APno T ot o BR) PP LRREe, DOMRTaEe Ui,

b8siIe kOB ARERARIDAG the dryssiidtiehiatioh of tre main recording layer
124 and thus to énh_ancer the coercive force He.  In this examp!e, the
underlayér 118 has a structure compfising two Ru layers. [n this case, itis
preferable that the gas pressufe of a sputtering gas for forming the Ru layer on
the upper‘ layer side be set higher tﬁan that. for forminrg the Ru layer on the
lower layer side. This makes it possible to more enhance the effect of
improving the crystal orientation. ~ As the underlayer 118, use can alternatively
be.made of, for example, a layer of Ti, V, Zr, Hf, or the like.

~ [0066] -

The first onsét layer 120 and the second onset layer 122 are layers for
facilitating miniatUrization of magnetic crystal grains in the main recording fayer
124. In this example, the first onset layer 120 and the second onset layer 122
are nonmagnetic granular structu-re layers formed in this order on the hcp
structure of the undér]ayer 118. By fbrming the main recording layer 124 on
the first and second onset layers 120 and 122, it is possible fo separate the
magnetic crystal grains therebetween from an init_ial stage (buildup) in the main

recording layer 124 being a magnetic granular siructure fayer. In this example,
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25 surface of the per‘pendi'cul ar magnetic recording
medi um 100 with respect to the magnetic head. The

lubricating layer 130 is formed by the dip coating:

nmet hod usi ng, for exanple, PFPE (perfluoropol yether).

PFPE has a straight chain structure to thereby

exhi bit proper lubrication parfornmance necessary for

a 5 magnetic disk. Further, because of having

hydroxyl groups (OH) as end groups, it can exhibit
fﬂg[héﬁ%ef %ygfﬁﬁgr@%ﬁ b hBdE 86 P&Cdxahthlé RenamehgHBtic

pro ective 81nthe formof a carbon film:
Ehershmﬁlbyasm@,fthé Recodntbsnsetidyag12ayee cEdlbd sade of, for
preferably set to, for exanple, about 1nm (e.g. 0.5nm
txardpia) a ndtnagidic CoCrPt-Cr.Onlayae per pendi cul ar

magneti c recordi ng nedium 100, for exanple, the
resped{)@@/d | ayers other than the seed |ayer 116 nay

. R ) i
fégélggﬁg@éek?é ?r%bgtn%tié ﬁ&lhur@%?l%ﬁfu'rey WRKE BShorYRIhetib 8ubstance

for exanpl e,
RhARKEESidd)as sé@@ghié@ t6 dden Qi“am)bo@ndﬁrjr portibas bbbEen
or a known ‘| ayer except the above-nentioned point.
regrdiic crystal grattes (@iaypeliograindle Thess maguetin wslal/\ﬂﬂalns have
be described in further detail by an Exa

ashs étruv@rmfm"@d bydheunegriqyex dhpHeoyg rﬁ)&werfa kst ang second

IV B T
gﬁaﬁ‘hnji)l fbrmHHé Sfic Heid; Fa E gé‘ﬁ ralﬁlﬂlar' SthRSUreda\ér to

ened 1 n se er eby
RBiAd Bhd E’m%ﬁtu"nﬁé rﬁé{:gﬁﬁlb ahytal b%lh@llﬂg passibeablimprove the S/N
nonmagneti c di sk substrate in the formof a
edienSimal/Moist Ratl) heddite gbarsive dorsk HeThén m$xaraple, thegmain
was a 2.5-inch magnetic di sk substrate having

~ tHcarding layer 1% isnforraed pyHes ush ahebard raﬁgrz%imf?rget made of

CoCrPt and containing silicon oxide (SiO) or titanium oxide (TiOz) as an
example of the‘nonmagnetic substance. -By this, the main recording Iaryer 124
becomes a granular structure layer containing magnetic crystal gi’ains of CoCrPt
with a hep structure.  These magnetic crystal grains reflect the crystal
orie_ntation‘of the underlayer 118 through the first and second onset layers 120

and 122 and are oriented in a direction corresponding to the crystal orientation

of the crystal grains of the underlayer 118.

[0068] _

The thickness of thé main recording layer 124 can be pfbperly setina
range of, for example; 7nm to 15nm.  The target for forming the main recording
fayer 124 has a composition containing;. for example, CoCrPt and TiO: (or Si02)
in the ratio of about 9:1 (mol%). By thié, for example, the nonmagnetic
substance is segregated to form grain boundaries around the magnetic

substance. Then, magnetic crystal grains become columnar to form a granular
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and- a di sk thickness of 0.635mm The surface
roughness of the obtained 26 substrate 110 was
observed by an AFM (atomi c force microscope) and it
was confirnmed to be a snmooth surface with Rmax of
2.18nm and Ra of 0.18nm Rmax and Ra fol 'ow Japanese
I ndustrial Standard (W5). [@876] 5Then, the ‘adhesive
| ayer 112, the soft nmgnetic |ayer 114, the seed

| ayer 116, the underlayer 118, the first onset |ayer
%t?tﬁ:tur‘éheFﬁﬁﬁ&?ﬁe%@%%ﬂe%%?ysﬁ%raiﬁ@@r iixiafg aFsiimg

ayer 124, and the continuous [fayer 126 were forned
EShtREEUST 8 mPihetdiengabsttuctire i fH2 foyt 4Xd segndtoneet layers 120
sputtering. [0077] 10First, as the adhesive |ayer
122 @yithid, dye maid rdcordingvayer b24vwidh thengranulgs strueture can
soft magnetic |ayer 114, there was forned a | am nat ed

_be prapsfly foesbf t nagnetic nmaterial |ayers

antif hé@agneti cal Iy exchange-coupl ed to each ot her
t hr oua nonmagneti c | ayer interposed therebetween.

In t hen{eogcg@@é%gz%@fﬁ 5% %ﬁ Faggﬁamﬁﬁérﬁnbaﬁs@ne%ﬂ) céHlinues in

anor phous ayer 5nmwas first 15 forned

% gidvee bitdcibn! aYRé ceafituolB MRl i126 et exaraple| eyteances the
Then, a Ru layer of 2nmwas fornmed as the nonmagnetic
thayreal stalhikity of asagnietic sewotidg bayles mebt recaedinglayer 124 through

mat erial |ayer, an anorphous, FeCoTa%r I ff_lr, of an
achiange eUPIng Wi thedmaInTRRMOINGIEYAT @4 | IS SHALRP Sohe

[ ial | 007 LY
ARG B 524 Pl e AR She REMIBTY by aver
LA B Bera S TR M Lol oy pRIEADE ot Dbt P

terms gh7dhe ratio of the nunbers. of atoms. In this
Exanpl e, the seed |layer 116 contains crystal grains
( seed Theysiediungpaitective ddyear 28lis ayayef faipretedting thednan
as an addition substance. 25[0079] Then, _}vvo'R_
fegpeting l@afﬁé1%Frﬁafuaragnrfa?éotjﬁamnsb‘éhe%s. hgyygedium

protective layer 128 is formed by, for example, formi.ng a carbon film by the

 CVD method while maintaining a vacuum after forming the continuous Iayer 126.

In general, carbon formed into a film by the CVD method is improved in film
hardness as compared with that by the sputtering method.  Accordingly, this
makes it ;aossib[e to protect the maih recording layer 124 more effectively
against the impact from the magnetic head.

[0071]

The carbon film forming the medium protective layer 128 is, for eXampIe,
a film of hydrocarbon (hydrogenated carbon). ‘Using hydrogenated carbon, it is
possible to properly improve the film strength.  Accordingly, it is possible to
more properly protect the main recording layer 124 against the impact from the
magnetic head.

[0072]

The lubricating layer 130 is a layer for increasing the lubricity of the
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t hi ckness of each Ru layer was set to 10nm The gas
pressure of a sputtering gas during the formation of

the Ru layer on the |lower |ayer side was set snmaller

27 than that during the formation of the Ru [ayer on
the upper |ayer side. [0080] . Then, as the

first onset |ayer 120, a CoZ5-Si 02 | ayer of 1.0nm was
formed. Further, as the second onset |ayer 122, a
CoCrPt-Cr203 | ayer of 3nm5 was fornmed. [0081] - '

Pt M A oI crbaan e, Koy v ve

AhgRetn s, T Trewebriatihg myemil 30 isdoomeli hy tHeagiprcoathag method
Then, as the continuous layer 126, a CoCrPtB fil m of
ity ioveanipe, RIPE (driggppolyether).  PRREMassa plsaighksnay
to the formation of the continuous. |layer 126, the,
sosiirmip hstell Sl it bbgeRipP o R lre BErdrR™ Tor a
r.ogenat arbon) wa : t
SRR Rne der TR CRE AR M o B R OF AT,
$ % X RBES A beFrormbdifie Wil fegpbdtng thapteidium
qr%prfad%?ﬂ% h@@ﬁgq% (perflbuor opol yet her)avvaS'foerrﬁgli :
Botddie GyRr §281 e foBh bod caibiva fiihi cKhe ticlofessoé the
l'ubricating |ayer 130 was set to nm In the manner .as
ideseatingdayealiGes pteferapbrgw telifeueamptagitaut dnidedt & yn t©
medi um 100 according to Exanple 1 was manufact ur ed.
$w0B3] 20( Conparative Exanple 1) A
per pqu‘#_(c:{jl ar magnetic recordi ng nmedi umaccording to
Conpartatiste Exanple 1 was manufactured in the sane

manner, ﬁ%é}ﬁ@pama? n%gﬁéﬁ@ RicokdIAg niddi@s 100! foref@dpledthe

a target orm ng seed layer 116. In

fERpRaialhyds Brithan the ddee ispnd 1bayay bavismedrypioeexample,
crystal grains (seed crystal grains) : '
processes that are the same as or similar {o those for known layers

* "corresponding to such respective layers. Even the seed layer 116 may be

formed by, for eXamp[e, processes that are the same as or similar to those for a
known layer ei(cept the above-mentioned point.
[0074] |
Hereinbelow, the first invention will be described in further detail by an
Example and a Comparative Example. | ' |
| [0075]
(Example 1)

. First, an amorphous aluminosilicate glass was molded into a disk shape

- by direct press, thereby producing a glass disk. " Then, this glass disk was

ground, polished, and chemically strengthened in sequence, thereby obtaining
the substrate 110 being a smooth nonmagnetic disk substrate in the form of a
chemically strengthened glass disk. Thé substrate 110 was a 2.5-inch
magnetic disk substrate having a diameter of 65mm, an inner diameter of 20mm,

and a disk thickness of 0.635mm. The surface roughness of the obtained



10

15

20

25

25 of an alloy (Ni-8W of N and W [0084]
(Eval uation) Wth respect to the perpendicul ar -
magnetic recordi ng nedia according 28 to Exanple 1

.and Conpar ative Exanple 1, the recording/reproducing

characteristics were eval uated while changing the
track wi dth, thereby nmeasurpfég the rel ationship
between the track width and the bit error rate. The
eval uati on of the recordi ng/reproducing

tatd #fd \ﬁ%é 85?16!}@% Bf bh %fF‘m gatHl%'icnl_%rc% Ric¥06pEpANME R vas
and a magneti c head of the perpendi cul ar magnetic
ESTREEH RE b8 ¥iSnedBth AGrfA&ewWRGNED of herthn and Ranef). hdrdte.
of a magnetic head having a SPT el enent on the
RezarahdriRa &illde JapdnesedvRusirish@andad (0. r epr oduci ng
side. The.flying height of the magnetic head was set
to 10M8976l0085] 10Fig. 2 is a graph show ng the

crror TEpe e Asa e g de R seteidhedPiaes T8 e seed
I\%P%{Jﬂtﬁzn | lﬁ]}garl%)apgr i ald RRpOhdLtRYENE 8N thEBctbRfénset layer

error rate in anple 1. In each
YARRe nia‘ﬂ?r@;@&ﬁh? RYePX24, drivtink Bontiuoue iyes €26 werd éormed in
track width and the ordinate axis (bER 1200. 251265
#Rpienhce eprtes sabstratd 410 by DS magnetiore sputBIingse]
The bit error rate shows a snaller error rate as the
absol UP@7%lal ue of its negative val ue increases to '

o R 9 s 4 0 2 B R P o
BT B F R ARl o o

é&?ﬁfaght@ﬂ: RaRsial bysfs ditcrRshagnsicany elchangeetbisied to each:

recordi ng nedi um can be i nproved by adding B to the

- sibedtirayg a hdbmaghéetic lageriotespamddtietebetyeeene c futhe formation

m ni aturizati on and ‘separation of 'cr¥._st al grains

, of .
ohibersefpeaarielie layey dil 4. anaPetloNs FEGOTAE! Igye Pl i2apat was first
116 were advanced. [0087] .25Wil e the first i '
foagel s N DL EE 3OUMATNPLF YU 8T niiedh Bt ik &2nm
th chni cal - fi i ' i
MR B P PERRr e DL Bk, pEMRNd B RSt
AREMEHTRAI RN RY R BRQMhBAbus FECHTaZryer s 260mavaeeiosrand in
ski'lled in the art that various changes or )
thenszonve Meinher aathebfestldgensdfomagnetic material layer.

[0078] | ' |
Subsequently, on the soft magnetic layer 114, the seed layer 116 of

10nm was formed by the use of a target (Ni-8W-3B) containing Ni, W, a_nd B in

: the ratio of 89:8:3 in terms of the ratio of the numbers of atoms. In this

- Example, the seed layer 116 contains crystal grains (seed crystal grains) of an

alloy of Ni and W and B as an addition substance.

[0079] " |

Then, two Ru layers were formed as the underlayer 118. The
thickness of each Ru layer was setto 10nm. The gas pressure of a sputtering

gas during the formation of the Ru layer on the lower layer side was set smaller
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29 the above-nentioned enbodinent. It is clear from
the description of .clains that the nbdes added with
such changes or inprovenents can al so be included in
the technical scope of this invention. [0088]
5(Second I nventi on) Next, referring to the.
acconpanyi ng drawi ngs, an erffodi nent of a
per pendi cul ar magneti c recordi ng nedi um according to
the second invention will be described in detail. In

' ' ; t I I
AP b o the FrTIBh of ety P R S P o
conpoqgn&g are denoted by 10 the same reference
synbol's i zes, materials, specific numerical values,
and soTtem, s dvenfiishobset ldyer 11 80i 2 GoEmsE: layer oft. @nmm’@s
illustrative for facilitating unders:ﬁgr@?g:é%tl
fonvedt i brrtbridasihe srsend epepidaret ¥4 Pyl rldgyef of Snm
i nvention unl ess otherw se specified. [0089] 15Fig. 4
V&S 1S gr am for expl ai ning the structure of a
perpegﬁggﬁlar magnetic recordi ng medi um according to
this i.ment. A perpendicul ar magnetic recordi ng
medi UnTHOPO usgWhhard nthghetié tegepmage f odirBk—Fidhstithed Bep
1, an adhesive |layer 12, a first soft magnetic |ayer
dfhactu, aﬁ;rﬂhPt-FF@;eleyérM 8nan wesmrm@bas thﬁagwetre@orﬂlagéayer ,

l4c, an internediate |ayer a first (%&r

124, Prem asdoo Aentinvgus |lwéﬂ2§8%00§”?'i3rf§m gﬁl’fﬂ% s formed.
record[ §%2| ayer 22d, a second magnetic recording |

| ayer 9 a continuous |ayer 24, a nedium protecti ve

| ayer 28 @UQsé’aiJ H'ﬂ{r GBI 30 corfifiolis 1er 496 he

nagnetlc ‘ayer e spacer |ayer 14b, and

RRERAM ?c%étnv@ﬂﬁ;?@tﬂz% rhayeof Aytiro¢arboi I(bydfr@gernaaecscérbon) was
rmgnetl c-layer 14. The first underlayer 18a and the
semeddbythd @Vaymthddb Thei thickpesoofithe Bnediun paelettvedayer 128
18. The first magnetic recording | ayer 22a acfﬁqt;ﬁhlgFPE

‘wes satitonkrgnet Then, éb@ﬁéﬁﬁgthedyéﬁcazlﬁs |?¥ﬂrﬁt3wﬂ@

ol oaRv g WO E by T deceitts i TThegnigkness o

meﬁhbﬁ@ﬁﬂg layer 130 was set to 1Tnm.  In the manner as described above,

- the perpendicular magnetic recording medium 100 according to Example 1 was

manufacthed.

[0083]

(Comparative Example 1)

A 'perbendicular magnétic recording medium according to Comparative
Example 1 was manufactured in the same manner as in Examplet1 excépt that
B was not added to a target when forming a seed layer 116.  In Comparative
Example 1, the seed layer was composed of crystal grains (seed crystal grains)
of an alloy (Ni-8W) of Ni and W.

[0084]

(Evaluation)

With respect to the perpendicular magnetic recording media according
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30 by direct .press, thereby producing a glass disk.
This glass di sk was ground, polished, and chemcally
strengthened i n sequence, thereby obtaining the
snoot h nonnmagneti c di sk substrate 1 in the formof a
chem cal ly strengthened gl ass di sk. 5[0091]

Usi ng an evacuated filmforg8ng apparatus, the |ayers
fromthe adhesive layer 12 to the continuous |ayer 24
were fornmed in sequence on the obtained disk

L@ﬁrﬁ § ahd (fkhrﬁgan‘%ﬁ\ﬁ ERRSBIRET 8hdde Brdig FEEDEIdIRY
I e

ng net n the nedi um protective |ayer

&%r&\ﬁérlét@% WRde RyalafedDviiiet dhedigingGhd recle addiey thetdby
| ubricating layer 30 was fornmed by a dip coating

mebfnrthg the réletionshig bétivghn pheotiack width gnd the bitesprggte.  The
preferable to use an in-1line tygg filmform

exalydion gf ](c_tj@gcoqqﬁllgﬁ]lm%,w ¢l teriglc‘ﬁdgasf Qﬁ.rfbglaqeg)}]smg a
T
i S afes sl e BT be TR i dodadtoapargioe

| s’s'séﬁrhheAéﬂ{éeﬁaggﬁe@fﬁ >hsd n%sqﬁga@ SUDRIGALR: AedNRavifiga

nmagne ayer can be 1 nproved and
SherRiRE®. onl the irécdiamgisideCarida BMRekmettrénppicngpotiuting side.
soft magnetic layer 14. As a material of the adhesive
Ttaelﬂymgﬁelghs(arftbernnd&mlamadheadﬂNanS@ﬁ tekenmle, a OTi '
al | oy. 20[ 0093] By i nterposing the nonmagnetic
spacer[O(D er 14b between the first soft magnetic

e e e L R SR
e %rPd'r t fe%%%&?%@%}gﬁeqoumﬂq Gk -a @ﬁ ﬁ'%héwmg the

nagne |za i-on ctions the soft magne | ayer
%ﬂatﬁﬁ@hl Hedhve ek tAirkaliehtarr thedeirior raetin E(xa‘m@l'eei i cln
circuit) wth high accuracy and thus the

pactpgmph cthbaibsciesp arie iiMcivhF tring) mamsenisﬁhe |tr@nk width and the
direction is extrenely reduced, so t aiﬂ

et PUS (LR A0S HIBNS KEGbBpizeatlstvg hiteHer BiP:

magnet i@ éayer 14. Specifically, the conposition of

the filP486lsoft magneti c | ayer 14a and the second 31

sof t r‘ﬁ'ﬁﬂ?[ éﬁ?ﬂ %%@gh(}v@a ‘éﬁ]%llé}ge:ﬁa_ﬁéf é’é"ﬁeteﬂ%olute value of ifs

conposition o e spacer |a ,
hEGHtRENEWMincreases to move upward in the graph. Therefore, from Figs. 2

and 3, it is confirmed that the bit error rates of Example 1 are better as

‘compared with“Comparative Example 1. Accordingly, it is confirmed that the

recording density of the perpendicular magnetic recording medium can be

improved b*y adding B to the seed Iayer 116. This is considered to be because

miniaturization and separation of crystal grains of the respective layers

subsequent fo the seed layer 116 were advanced.

[0087] | |

While the first invention has been described with reference to the
embodiment, the technical scope of the first invention is not limited to the scope
of the description of the above-mentioned embodiment. | Itis obvious to a

person skilled in the art that various changes or improvements can be added to
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[ 0094] The internediate | ayer 16 being a
feature of -this enbodi nent has a 5function of
facilitating the alignment of the orientation of
crystal grains of-the underlayer 18. This will be
descri bed later. [0095] The underl ayer 18 has

~a hcp structure and can gro®9crystals with a hcp
_structure of the magnetic recording |layer 22 into a

granul ar structure. 10Therefore, as the crystal

e 'ﬁf&bﬁtrﬁaﬂloﬂgd%dﬁ}ﬂéﬁﬂ ayss cib8r frSmanB ABE&btioh lof | b%ums

possible to 1 nprove e orientation of the magnetic

haE Hethb8ed A¥RId Rtk shchTBieigea lor afiplohementiardnagler be amtiuded
be selected from RuCr and RuCo, other than Ru. Ru

inake sechnhapsatpeucittbisenamtiosan wel | orient the

magneti c recordi ng | ayer conposed mainly of Co.

15[ 0048§88] ~ The underlayer 18 has a two-|ayer

struct e Ru. When form ng the second
under I{ %‘P'ﬁgﬁeﬂ Phe upper |ayer side, the Ar gas

pr ess% ﬁﬁé t@{r@‘%{é;ah-{gbﬁﬁyh&?ﬁa\ﬁlﬁbs Vg?’reéhf)@dhmeﬂgof a

the fi r ayer l'owef 'l ayer si de.

é}%eeaiéular ﬁw%‘gﬁéﬁc ttor@ag BRdidr aceardingfto dee seudmdorﬁvent.on
sputtered 20 grains decreases and thus the film

“#itirbd depcribee inéetntasiashe gk élusiratpms@ﬁq@rrwon@nismt directly

the crystal orientation. Further, the size of

_iﬂi@tgd 40 thesgacopd innentien isemiiied; hélfwlaé%mpé’n?ﬂfé@é%gegoted by

oo leBts plle | Sidet ety sb8dS Buphieyal,88 nd
%Xﬁﬁs@ h‘%fHeCf%llb\ﬁm %‘i‘ﬁiﬁcﬁﬁ’mehltar@% ﬁwﬁa‘ilvé%‘tfa&ﬁtaflﬁdf

attice t hat 'S pos Slb e to further

L AR ORI BneE VB hiidn @id 8t @tiietBn@éd toBniCthegyeaond ar
[ayer. [0097] As the-first nmagnetic recording |ayer
PRentian (Go€sHdthendlies sphegified.yst al structure of 2nm was

f or med bg-_the use of a hard magnetic target nade of
[0089] : ' :

Fig. 4 is a diagram for explaining the structure of a perpendicular
magnetic recording medium according fo this embodiment. A perpendicular

magnetic recording medium 100 shown in Fig. 4 comprises a disk substrate 1,

- an adhesive layer 12, a ﬁrét soft magnetic layer 14a, a spacer layer 14b, a

second soft magnetic layer 14c, an intermediate layer 16, a first underléyer 18a,
a second underlayer 18b, a first magnetic recording layer 22a, a second
rh-agnetic recdrdihg layer 22b, a continuous layer 24, a medium protective layer
28, and a lubricating Iayér 30. The first soft magnetic layer 14a, the spacer

layer 14b,-and the second soft magnetic layer 14¢ jointly form a soft magnetic

' layer 14. The first underlayer 18a and the second underlayer 18b jointly form

an underlayer 18. The first magnetic recording layer 22a and the second
magnetic recording layer 22b jointly form a magnetic recording layer 22.

[0090]

First, an amorphous aluminosilicate glass was molded into a disk shape
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32 CoCrPt and containing chrom um oxi de (Cr203) as an
exanpl e of a nonnagneti c substance. The nonnagnetic
substance was segregated to form grain boundaries
around t he magnetic substance. Mgnetic grains forned
a granular structure in which grain boundary portions
made of the nonmagnetic 5 s3bstance were forned
bet ween crystal grains grown into a colummar shape.
These magnetic grains were epitaxially grown ‘

| x: i wsardisd r Thidulasodisk bes ground,
%{ﬂ?ﬁ?ﬁ@é‘é% mf%e{)bggi]rbﬁs?qﬁg@second mag ngg icr ecqr_digng
AcN¥REd, 228, chanfiedly Brefigib2nad in ssqpened, thereby obitaining thyt
10nm was fornmed by the use of a hard nmagnetic target
sreateth obn@agnétic dinkl sulsttaie diimghe forraf arﬁhsm'%*y@ﬁeﬁgtfﬁe”ed
as an exanple of a nonmagnetic substance. Also in the
degoWeK-magneti c recording | ayer 22b, nagnetic grains
forne%%gﬁgranular structure. [0099] 15In this
enbodi , the first magnetic recording |ayer 22a

~and trﬂ%ﬁ%ﬁ@%dﬁ%@ﬁlhﬁ&rﬁ rhpathth )RS |33k o thade -
|

of the erent materials (targets), but not limted
sdR¥RiQaydr.18. to e Yormtmuobe layed 24 efera farateelrin aqoénaehen the
same conposition or kind. As the nonmagnetic

. chthistd nisk substréter hinrap Ahaimespheigrivtd PG agovetr onsFRYHEERY

etad NGRS AT G SUE U A oK (R SH SV VoL o0
tljaé{tﬁ%{t%n?h%éq%teﬂa{iga %a%Se} _SB%sﬁﬁgﬂéd B? af}lﬁ BSARY @ethokior (Ian

conti nuous | ayer 24,

h0 of | YRS al BYRERrABIE BRtdcah IimonybE e dsming
lf@ﬂ“?ﬁfeh*gﬁ‘gfﬁé&%ﬁ"(@ﬁ “Séﬁ aﬁ‘gf aélapt ed to exhibit high
pemeandi cul ar 25 magnetic ani sotropy was formed on

~the granul ar magnetic | ayer. The continuous |ayer 24

has a [@@2]( Coupl ed Granul ar Continuous) structure. By
L, e eSS RS R B o
Tasor 4abid M EYerdohdY ) R thE 8aRE@M|FEr h BURE adhesion
between the disk substrate 1 and the soft magnetic layer 14 can be improved
and, therefore, it is possible to prevent stripping of the soft magnetic layer 14.
As a material of the adhesive layer12, use can be made of, for example, a VCr'I'l
alloy. '

[0093]

By fnterposing thé nonmagnetic spacer layer 14b between the first soft
magnetic layer 14a and the second soft magnetic layer 14c, the soft magnetic
layer 14 Was cbnfiguréd to have AFC (Antiferro;magnetic- egxchange coupling).
By this, magnetization directions of the soft magnetic layer 14 can be aligned
along a magnetic path (magneﬁé circuit) with hi'gh accuracy and thus the
perpendicular component in tﬁe magnetization direction is extremely reduced,
so that it is possible to reduce noise generated from the soft magnetic layer 14.

Specifically, the composition of the first soft magnetic layer 14a and the second
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33 [0101] The nedi um protective |ayer 28 was
formed by filmformation of carbon by the CVD net hod
whi | e nmai ntai ni ng a vacuum and cont ai ned di anond-1i ke
carbon.  The nedium protective layer 28 is a
protective |layer for protecting the 5 perpendicul ar
magneti c recording |ayer fr@&h an i npact of a magnetic

‘head. Since, in general, carbon formed into a film by

the CVD nethod is inproved in film hardness as

%&;fggﬁggﬁgtid"faﬁ/gr 148ka® ok BPaZutd BE CBEPBELIBREf thelspager layer

e to protect the perpendicul ar nagnetic
1416 aadimg(ritgeiunypr e ef fectivel y agai nst the inpact
fromthe magnetic head. In the CVD nethod, it is
possi HP89%4o. i nprove 10t he fil m hardness by raising

e e A S A

{5l e SR it Sy itaf B3, el of Sl ol o

."Bpﬁ'-gw bt &lEadaiat.e | ayer being the
g@%u eyg? t ils (Ieng%di nment will be further described
i.n detfapds] Thi's enbodi ment is, as already described,

t he perpendi cul ar magneti c recordi ng nedi um 100 in
whi ch Hie urdestayehtB bas a hepghieciuce pag ean gepw erystals with a hop

internedi ate | ayer 16, .the under| 1 d f 20
SEHOIAER i EIRMEeraFRIgiRg JeT S20HaPAAT dertiBa e

d to _siqnal med. i a.thi .
e ST U
@&&%B% Hggg ltr?élor@édt%@éﬁ A8 n’\"égr\bfi@bdoﬂﬁﬁ? Iﬁgér p2seRd

ayer and, ong as It Is |ocated under

HEEHd 8V Bl UkBlerlbysr danrsd selected froanRoSH bndRuSboother thain Ru.
be limtedly interpreted by its name. 25[0104

- Rhdakedt @ hop dirattard anyecar ¢ell eriemidhe sragnetieeceyding layer

conprising a first internmedi ate | ayer 16a nmade of a
cempesesymaindy o Gecond internedi ate | ayer 16b nade of

NW. o 3d. [ 0108]

The underlayer 18 has a two-léyer structure made of Ru. When
forming the second underlayer 18b on the Llpper layer side, the Ar gaé pressure
was set higher than that set when forming the first underlayer 18a on the lower
layer side. As the gas pressure increases, the mean free path of sputtered
grains decreases and thus the film forfning rate decreases to make it possible to
improve the crystal orientation.  Further, the size of a crystai lattice decreases
as the pressure increases. Since the size of a RQ crystal lattice is larger than
that of a Co ﬁ:rystai Iaﬁice, if the size of the Ru crystal lattice is reduced, it
approaches that of the Co crystal Iattic;e so that it is possibie to further improve
the crystal orientation of the Co granular layer. | '

[0097]

As the first magnetic recording layer 22a, a CoCrPt-Cr,O3 hep crystal

structure of 2nm was formed by the use of a hard magnetic target made of
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@il SBVEHERI WItCh gEh BPYRF

-recor
SEncks 2954 iRdhe QBESHEHagNBw fecobriey iyeig2dly, risgnetiograins

When the second internmedi ate |ayer 16b | ocated on the
upper side is CuX (X is a predeterm ned netal), .the
coercive force Hc is inproved,  while when the second
internediate layer 16b is NNW the SNratio is

i nproved. The 5 order of the first and second
intermedi ate | ayers 16a and326b may be changed. This
is because even if either. substance is |ocated on the

~upper side, both the coercive force Hc and the SN-

CPEAR AR R ) b Moy 1 2

Ao R GMDe SLBeRPEE - CTHi@RbrTRghdtizydubstamdé was segregated to form
(copper-tungsten alloy), and CuTi (copper-titanium
aiairolydundEhies arcuritdbe nsagresic lsohgfanee.i tMagnedis giping formed a

conposed mai nly of copper, I%&ﬁéﬁ@é%ﬂ%ﬁhﬁe%gﬂhg\égetic

A R N S

| ?@%gegﬁgb Fﬁtclec't %%Eﬁ%gse‘bg?ﬁ?ﬁ%&oﬁﬂ cdriihBsiEdirafnahb dyiular

second I nternedi ate

LR@irel§ie OR¥erRgek to 12nm This is because, as -
shown in later-described Fig. 7, as conpared with an

interneddgite [ ayer in the formof a 20 single CuX

| ayer, an internediate layer. in the for f_t .

| ayer SAoMeIeRoBRMadNRlie EFOREIAR GWeT #2Be PETT |y hop orysta
BRSO Sl RSB, e s MRS Bl o
Egeﬂi’tg%%r?g-%orﬁéiﬁi\‘ngrfﬁérﬁ&nt&ﬁg gl*i@z)sé%aéhee%[y@%f‘a%onmagnetic

reproduci ng head andthe soft nagnetic

a magnetic path during recording becones too | arge.

{oorhed]a graeulandendtaneer preferably conprises ‘a first

underlager and a second 35
[0099] '

In this embodiment, the first magnetic recording layer 22a and the
second magnetic recording layer 22b are made of the different materials
(targets), but not limited thereto, i.e. they may be made of a mrate'rial of the
same composition or kind.  As the nonrﬁagnetic substance for forming the
nonmagnetic reg'ion, silicon oxide {SiOx), chromium (Cr}, chrqmium oxide
(CrOy), titanipim oxide (TiOy), zirconium oxide (ZrOy), and tantalum oxide
(TégOs) can be given as examples, for example.

[0100] '

As the contihuous layer 24, a thin film (contihuous layer) magnetically
continuous in the plane direction and adapted to exhibit high perpendicular
magnetic anisotropy was formed on the Qranular magnetic layer. The
continuous layer 24 has a CG_C (Coupled Granular Continuous) strructure.' By
this, it is possible to add high heat resistance of thé cbntinuous film ih addition

to high-density recordability and low noise of the granular layer.



, 10*.

15

20

25

under |l ayer for which the gas pressures differ from

each other in rutheniumfilmformation by sputtering.
[0110] This is because when the first internedi ate

| ayer 16a or the second 5 internmediate |ayer 16b is
made of a Cu alloy, even if the underlayer has the
above-nenti oned two-|ayer st3Bucture, there is

exhi bited an effect of enhancing the orientation of

the magnetic recording layer wi thout increasing the

t hi ckngsgqof each underlayer and, further, the |ayer
cont ai. ing]or ut heni um and forned i-n a high-pressure

ar gon Hidpephed srdtehivylay@i 28 vias fdfifeg be filmi firtnatian of carbon
effect of 10m niaturizing the grains of the magnetic

by trer GVBgmetpdrwhileondiniaini®y alvaauiremnd containediigmogdilike

a %r@aph showi ng the rel ati onshi p bet ween the .
eaPeRne3Be grediimiprelartvedayared 1 parrolestiviylayes fy arotedting the
the cqercive force He.. Accor di ta Fi

BPRSRRIcHRY HasrLer QR Bhi%d PRl 2mepefefiad
Sliis lﬁ@n%"r&, !:é’rlﬁSﬁ?o ligisesaittsy Reakvoindthsd BARpFbXR! in
orce as Its thickness increases. Although Fig. 5

fRPHErdnBEs 89 ebripufed WiCB@t by tHeheputiesirg afethdus it is possible to
single-layer internediate |ayers, respectively, it is
parisitdies perpehdicutan enagoetit redordirg iyer alore giectively against the

internedi ate |layer 16 conprising the first an econd
i o Meanaicdicndn POng /L el iasidl 18 PORPOI dndmaOve

- hased al | respecti.vely. 1s also preferably 3t

%%ﬁﬂ%so%f ’é"‘.'s"%goﬁ? ba_{a%}@age'show ng the :
relati qégj p between the thickness of an internedi ate

| ayer [?sn gle layer) and the S/Nratio. According to

Fi . GThébAeatiy layerest wae fdradiof PFPENefflonmilysthé) By the
single layer achieves the peak of the S/IN ratio at

giprgoatihg Inestbad.h e thitkeesedi the dubrippting layacB0 wastaheut 1nm.
formof a Cu-based alloy single |ayer achieves the
peak dO01PBe S/ N ratio at 3nm Although Fig. 6 shows

the SINratios,in the case of the single-I|ayer
i nt er nifpypediate Layerrl) ) Y

The above-mentioned intermediate layer being the feature of this
embodiment will be further described in detail. | This embodiment is, as already
déscribed, the perpendicular magnetic recording medium 100 in which at least
the soft magnetic layer 14, thé infermediate Iéyer 16, the underlayer 18 made of
ruthenium, and the magnetic recording layer 22 adapted fo record a signal are
formed in this order on the disk substrate. The intermediate layer 16 may also
be called an oriéntation control Iéyer or a seed layer and, as long as it is located
under the. und'e‘rlayer 18 its function-or composition should not be Iimitedly
interpreted by its name.

[0104]

The intermediate Irayer'1 6is charécterized by comprising a first

" intermediate layer 16a made of a Cu alloy and a second intermediate layer 16b

made of Niw.
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36 | ayers, respectively, it is considered that an
excellent S/N ratio can be obtained if the total

t hi ckness of the internediate |ayer 16 conprising the
first .and second-internediate | ayers 16a and 16b nade
of Ni Wand a Cu-based all oy, respectively, is also
set to about 3 to 12nm 5[ 0BZ3] Fig. 7is a
graph showi ng the rel ati onship between the total
thickness of an intermedi ate |ayer conprising two
Iayer 51CuTi and Ni Wand the coercive force Hc in
conparlso ‘With an internediate layer in the form of
a CuUTIWBEAEsdaye lintehhedibiesagsraleh, lotdted battad upper side is
thi ckness of the internediate |ayer conprising the 10
CuX (Kay ensedatenhineg e'det@y tod apryicivg foree Haisdrmnexedowhile

CuTi whil e maintai ni ngi t he thi ckness $ l\{@W gonst aB Th
whenm thenggcong 'ﬁ&@ffﬁ%ﬁ'@*& arernl o NYrihesP gl Isdiigpovegn e The
i .
A R S bR PR i 188 ok BYBL Sl bdngea
%&Q?‘fﬁe 18 ¢ 8h eithih gﬁﬁﬁéﬁce% IR PHn Y §ppdr @kiAboth the

er hand, upper limt of 1Znmis

sesrenairsred Hesmume SN rath #epoprdvedhsr@npared edth dhe cdise of
the coercive force Hc starts to occur as shown in
frsipglerlayds al ready described, it also has a neaning

of preventl ng that the space between a

recor dPh@lrepr oduci ng head and the soft magnetic

magnet e GAETRIE sEaRh G oRCoLEBRat N BRI AE

P08 Ebpgor Yo SOLSHHSAAT kB IR, oo
brkBesdond ab es hnbRbyeshposed maRily dfcoppanitiis pogsibls éo

‘two layers 1s preferably 5 to 12nm On the other

bchielve as imppresemedt hrrecorBingsderBitymitheyt inereasingdle théckness of
set ‘to 3 to 12nm Wth the internedi ate |ayer 16

- fhewnsgrigveh a thi ckness, when the second internedi ate

| ayer é? | ocated on- the upper side is CuX (X is a
predet Ined netal ), the coercive force-Hc is

| TPr VAt oA G B i inREfRatné MyRF 1B dhalsfnd auige

16b i ratio i's | nprov 37 order
PlickhBSs bi thetfiranstenncgiat apbetargndtte thikkesss dfthe sacbnd

b may be changed. This Is because even if either
imtdyatealate layer 1 6bjpineyl berb toh2nuppefhis isdegcapse rag stewn in
later-described Fig. 7, as compared with an intermediate layer in the form of a
7si_ngle CuX layer, an intermediate layer in the form of two layers of CuX and
NiW can achieve a particularly large coercive force in this total thickness range.

-[0108]

The upper limit of 12nm also has a meé'ning of preventing that the
space between a recording/reproducing head and the soft magnetic layer 14
that enables smooth récording by forming a magnetic path during recording

becomes too large.

[0109]

The underlayer preferably comprises a first underlayer and a second
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coercive force Hc and the SN ratio are inproved by a
synergistic effect as conpared with the case of a
single layer. 5[0116] . Wiile, the preferred
enbodi nent of the second invention has been descri bed
wth reference to the acconpanying drawi ngs, it is
needl ess to say that the se@nd invention is not
limted thereto. It is apparent that a person skilled
in the art can think -of various changes and

[mﬁiérf ty%?‘fdr%ﬁcH fﬁetdég pﬁﬁés‘iﬂ@é YifdPREH Pchehdriin GhtAEMEM film

I S under st t those also naturally bel ong

fd?nfah@nb?%bﬂﬂt@rﬁlg scope of this invention. [0117]
(Third Invention) Hereinbelow, an enbodi ment of the

third [On@ntion will be described 15 with reference
to the draw ngs.

Cross- B@%tﬁ karausg "‘é‘#géﬂ%ﬁﬁsﬁ ﬁ‘t?rﬁéa@éqq? Lﬁ%ieilﬁég@lr the se.'econd
PR ATt S50 A0 s por i
88\% meﬂﬂor@%ﬂﬂv‘}éma Qr étglcﬂ.lf BPé isGxh@Res %'nr&‘feﬁ?gﬂ dHR=ABing

USE I h the perpen ‘magnet i c

Er%c&iéi‘ité’[%fcﬁm&ﬁia@héﬁb @C&fcﬁrﬁg laly8AdBhout increasifighehe thickness
per pendi cul ar nmagnetic recordi ng nedi um 10 shown in

Bf gachBunideribge mard!, iyrthetr dbkilaygr sodtaskngsuenismeandformaed in a
adhesive layer 12, a first soft ﬂ)c‘):r?él C Jag
highratgsre aragmaateiospagier(abay Sha g exBivft g%fg?ﬁ o
25I an orjentation contyr. er 14, a first
r'agva?hﬁgaam%of A G-

onset _ r 1l6a,” a second onset |ayer 16b, a nmin
recor _ng | ayer 17, a continuous |ayer 18, a nmedium
pr ot eciEhvdriatigyer 19, and a lubricating layer 20 in
this order. The first soft magnetic |ayer 13a, the

Fig. 5 IS a graph showmg the rela’uonshlp between the thlckness of an
intermediate layer (single layer) and the coercive force He. According to Fig. 5,
each of a NiW intermediate layer and Cu—baséd alloy intermediate layers
achieves the peak of the coercive force Hc as its thickness increases.
Although Fig. 5 shows the coercive forces in the case of the single-layer
intermediate layers, respectively, it is considered that the total thickness of the
intermediate layer 16 cof_nprising the first and second intermediate layers 16a
and 16b made of Niw¥ and a Cu-based alloy, respectively, is also preferably 3 to
12nm.

[0112]

Fig. 6 is a graph showing the relationship between the thickness of an
intermediate layer (single layer) and the S/N ratio. According to Fig. 6, an

intermediate layer in the form of a NiW single layer achieves the peak of the

S/N ratio at 8nm, while each of intermediate layers each in the form of a

.Cu—bas'ed alloy single layer achieves the peak of the S/N ratio at 3nm.

Although Fig. 6 shows the S/N ratios in the case of the single-layer intermediate



10

15

- 20

25

38 nonnegnetic spacer layer 13b, and the second soft
magnetic layer 13c jointly forma soft nagnetic |ayer
13. The first underlayer 15a and the second

underl ayer 15b jointly form an underl ayer 15. The
first onset layer 16a and the second onset |ayer 16b
jointly forman onset |ayer 386. 5[ 0120] As
the di sk substrate 11, use can be nade of, for
exanpl e, a glass substrate, an alum num substrate, a

Jenlsc %p@ﬁwﬁt corbsidtbrad et a?l%&ﬁéﬂt %IN Q4tid &h hé bBtained

en usrng t ass substrate as the disk substrate
it the total @Iﬂﬂ(r@sl@f gilipRImbYiatd RiyeeXRBPIPrising it firgt @wl second
anor phous "al um nosi li cate glass into a 10di sk shape
inferdiedéte lgyees $64 ang Bl vesleaf fiisandia Si;basedralloy,
groundi ng, polishin and .chem cal |y strengthening
t€I$P§Ctg49§s5$ %Iﬁ%ﬁeﬁ ta %@HU%F&@”@ nce smoot hness and
hi gh rb? :ﬁl ty are obtained, the alum nosilicate glass
makes [ ossible to nore st ably reduce the magnetic

Do g, PR bRl nbkirid el MtiosH b@@eeﬂfthﬁtdmgﬁ‘i@krﬂéss of

head. spSS|betoota|n rigidity
AN thtSrnteRats Mayey céﬁﬁbh@iﬁb%b'la’ye‘ﬁé beOgtihei Nigy ahe the coercive
alum nosilicate glass. [0121] The adhesi ve
forgeeFc 2 commparidomywith fiointenmpediate hayer irethedhess oba Gudi single

di sk substrate 10 and thus can prevent strip g '
iabier. s &t thisrampdy thg tpig) Erickess Ak the iptemaedigie lgy rtqg)gnpnsmg the

Suoneverse shindes ketaros e ek o) huf e Guothe
{h ‘f(nEaQé § ﬁl?%o@%ta“‘&[%s' A& cbﬁ% Fedg'\gltﬁ e 6 |%Yr1§lili Béyer

the first soft

| 'fﬁ%gﬁt%wnédlb?é’ I%?erléiﬁn Briting the tﬁf@qw&i‘s sPCUTIERENRIVW eah dl@in a
"13c of the so

t magneti c | ayer use can be nade
clbarly bigh@bcestein®liferce &l oa@od ammeftoﬂamrmkneﬁﬁeoﬂ Hrice or more.
t he composition of the nonmagnetic spacer |ayer 13b,

a nonn@gilti c rraterlal Ru filmor the like can be

Tab° bR ORG e dfe Leiser RAERETA .Gl ihed BGusgits o
ﬁ%ﬁ@?ﬁ?{%o% Le\}éPsgan 18k i dRY&Te bke HERERAb BN idvn in Fig.

7. As already described, it also has a m_eaning of preventing that the space

between a recording/reproducing head and the soft magnetic layer 14 that

| enables smooth reciordihg by forming a magnetic path during rebdrding

becomes too large.

[0115]

In conclusion, taking into account also Fig. 7, it is considered that the
fotal thickness of the intermediate layer 16 comprising the two layers is '
preferably 5to 12nm. On the other hand, as presumed from Figs. 5 and 6, it
may be setto 3 to 12nm. With the intermediate layer 16 havmg sucha.
thickness, when the second intermediate layer 16b located on t_he upper side is
CuX (X is a predetermined metal), the coercive force Hc is improved, while |

when the second intermediate layer 16b is NiW, the SN ratio is improved. The
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‘s in

39 configured to have AFC (Antiferro-nmagnetic
exchange coupling). By this, magnetization directions
of the soft magnetic |layer 13 can be aligned along a
magnetic path (magnetic circuit) w th high accuracy
and thus the perpendi cul ar conponent of the

magneti zation is extrenely B&duced, so that it is
possi ble to 5 reduce noi se generated fromthe soft
magnetic | ayer "13. [0123] : The orientation

' é@ﬁ bPhhe! fﬁ’é’tec{nd]sAecBﬁé nﬁelfn'ﬂélﬁétb%yé?é 185 @h8CliebEay PE changed.

magnetic layer 13, a function of facilitating
Thie igbb&zerivenfi é[ih@r ghbha ik tocatdd on yet ppegrsidenboitfthe

the underlayer 15, and further a function of

ooarciae force |Humrtoh’é19ﬁ]’¢ ratist ate impeives byl ansyrigrgistic effect as
enbodi ment, the orientation control [ayer 14 contains
spmpared Witk the wase of aISINGIRIBYAN- oxi de material . The

mat er i f the orientation control ‘layer 14 is

pref er[ﬁm(aj sel ected fromalloys of NW N Pd, N Cr,

Ni M, \NhT(? Q%(é:féﬂléﬂbe %&hep%ﬁﬁe s@%ﬂn@énﬁ@%’hé&aébn

fcc struc orrpose mai nly of N The oxid

. @Bdebeahitderieh@ fohBe @ttanpatiendeomidlt is agedleés’rltd sy

preferably 15 selected fromSi 02, SiO Ti02, TiO
Bz iR, secoB0 Hvehddn K nallipdied thee. W@Wpamywt arerson

Nb205. By addi ng the oxide material to th
fiashindbe ar ceprbinkIof vagls chenges aad cadiisatias e category

B8 et 5 Piald A5 i b6 A Gh X 58 haflbifhetong to the
{e%mcggs E}g ol[iﬂﬁg ’L"@m‘ﬁ 15 has a hcp structure and can
cp

grow crys structure of a materi al

_form g11 e maln recordl ng layer 17 into a granul ar

structure.” Therefore, as the crystal orientation of

t he undaird &y@nti@d) i s enhanced, it is possible to

i nprove the orientation of the mai n. recordi ng | ayer.

17 Aslﬂerﬁ@h@mranaﬁmmdlmﬁet ofrife ik igyention \Md%e %SC"bed
can bgﬁgl1 gd 25 other than Ru. Ru takes a hcp

t“i‘ u%f?[ﬁ”&e WIS orient the main recording .

| ayer [pq{gioséd mai nly of Co. [0125] The underl ayer 15
e‘formof a Rufilmwith a two-Iayer

Structpgeg is a cross-sectional view showing the structure of a perpendicular
magnetic recording medium 10 according to this embodiment. The
perpendicular magnetic recording medium 10 ié a magnetic recording medium
for use in the perpendicular magnetic recording/reproducing system.

[0119] '

;!'he perpendicular magnetic recording medium 10 shown in Fig. 8 is
formed by stacking a disk substrate 11, an adhesive layer 12, a first soft

magnetic layer 13a, a nonmagnetic spacer layer 13b, a second soft magnetic

" layer 13c, an orientation control layer 14, a first underlayer 15a, a second

underlayer 15b, a first onset layer 16a, a second onset layer 16b, a main
recording layer 17, a continuous layer 18, a medium protective layer 19, and a

lubricating layer 20 in this order. The first soft magnetic layer 13a, the
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40 When form ng the second underlayer 15b on the
upper |l ayer side, the Ar gas pressure is set higher
than that -set when form ng the first underl ayer 15a
on the | ower |ayer side. As the gas pressure

I ncreases, the nean free path of Sputtering plasm

i ons decreases and thus the3BiImformng rate
decreases to 5nake it possible to i nprove the crystal
orientation. Further, the size of a crystal lattice

ﬁ?ﬁégﬁi&%@’s Pg{ﬁy&f P U8 thOISEERRD ﬂ@ﬁicqé@rg 58 ointly

attice 1s larger than that of

£Ords 8bft nighb§@iaybf 13.heTrsd et @idetibgerRbacansihal second

|attice is reducéd, it approaches that of the Co
angstaakr 58 fdintly feomtahatndetlayes 1pos$hblfiesttonséiayerelba and the
i nprove the crystal orientation of the Co granul ar
pegand, onet Bye6]6b jointly forpan PpEesIAYETd Bnonmagnet i ¢
granul[gr ¢ayer on the hcp crystal structure of the

under | }%] 15 and growi ng a granul ar |ayer of the

mai n rR&ﬁ{edcﬁiQQSL:;]@éfr%rte #‘? UsBEAYE: mbde o RN BERGHE, G glass

granular layer has a function of separating the

ogsHiekd GrodiamiHuah sLissteite fd GecmsubBirbieah pidsAiggubstrate, or the
(bui ' dup). The conpositions of 15 the first onset

liley enWhERuSIng thdr glass sobstraie sethd digkesullgtatart, it can be
nonmagneti ¢ CoCr-Si 02 and magnetic CoCrPt-Cr203 . '
pesiieed by.dpyexgronleymolding an amprrhoggiafimisesiicataglassyalp a -

dik.sbite B9 RGeS Fromuton Biang by HEV i Sunds agitis

- %@%p?@gﬁ%ﬁ}r@&ﬁﬁg g%%ggggd%klﬁlsg erfd@S gfn'c%i s%gocort@tﬁess

gnetic target nmade o

 8Rd hiP iR 418 oHtdih&@ M@ BiLfRndsRicAR glaks fridkasitpBissitsiede

Ti 0 as a nonmagnetic substance, a hcp crystal
fiorel etablyeredacéd tramegnditvespaeing, patiouldilynthe fhyjrer hdightoetra

be suitably set in a range of 7nmto 15nm The
o@gpetic heath dfurthes it ismgesibledp obéaimhiey gidityrandsstrength by
recording |layer 17 contains.CoCrPt and Si02 (or 25
RosIcaly tFRiatbRniBd e ALBIOHSIEGRTD) . The

nonnag[p?%jyc substance is segregated to formgrain
boundari around the magnetic substance and magnetic
gr ai NSTROAMREIOLYENYS isH RDE! fF ingdrounl Whe adHdseto the disk
magnetic grains afe epitaxially grown continuously
Euilsgtidtd @0 gihd nilicars prevehistdppihg bhiheaoftahagratierayet 13. As a
16. [0128] '

. material of the adhesive layer 12, use may be made of, for example, a

Ti-contain_ing material. In terms of practical use, the thickness of the adhesive
layer 12 is preferably set to 1nm to 50nm. _

[0122]

As each of the first soft magnetic layer 13a and the second soft
magnetic layer 13c of the soft magnetic layer 13, use can be made of, for
exam;ﬁ!é, a FeCoTaZr film or the Iiké. As the composition of the nonmagnetic
spacer layer 13b, a nonmagnetic material Ru film or the like can be cited. By
interposing the nonmagnetic spacer layer 13b between the first soft magnetic

layer 13a and the second soft magnetic lfayer 13c, the soft magnetic layer 13 is
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The continuous layer 18 is in the formof a CoCrPtB

- filmin which the magnetism continues in the plane

direction. The continuous layer 18 is forned 5 by a
low Ar gas and its thickness is preferably 10nm or

| ess and nore preferably 5Snmor |ess. [0129] Using an
evacuated filmform ng appar3®@ us, the |layers fromthe
adhesive layer 12 to the continuous |ayer 18 are
formed in sequence on the 10 disk substrate 11 in an

‘éﬁnfﬁgi’%ﬁfﬁpﬁl\% AWC 2R MBERRINCAR eREHH rd'oﬁ?nrr@t hgg thisn

ter e productivity, 1t is preferable to form
@R etidaawA diredishs oflth® sb miagnklin myty p& chh bmaligned along a
formation. [0130] The nedium protective layer 19 is a
praghetit pate (inageetid circut) vite dighhecaurecyd b theeeerpandigular
| ayer 17 froman inpact of a ma g(%{ic head. As a .
pemeenedt of freAagnetvating if SHeHelY RAyced: %@@F It jgposgile to

b de of ., for. I . Il oy, bon,
R el kgt Mo IR et B R b of et ve

| ayer 6923]3 formed by filmformation of, for exanple,
car bor* by "a CVD net hod while maintaining a vacuum In
gener afhe Gdriv@tior et idyst 04 aaé alfondipntdieréRithe soft
method is inproved in filmhardness as conParepI Wi th
riaghetiylaybie13 putunetiomgf favilitatidg thenalignment jof theoerigntatien of
to protect the perpendicul ar_nmagnetic recarding ] aye
eRypw@l grainscef thewidgdayerdo, ape furiigsafunstion Ct?ﬁ%l”ﬁagﬁlgéi ‘E}e
hea 0131] ... . Th ubri cat.i . i S o .
PyRb . Toinisemhadmed i Rseideh g ot Gnips N
éEEﬁ’@i *ﬁ%t@ﬁ Eaar1d_ %r‘bﬂdé WRRLGANT THE Matdridropfid dseslion
SO ven{-I or %e I’ ke, coating it on the nedium surface
Bntfol HyRr 623 pRderdBiyRtbctéd FPMIILYSbF NYVRIFW0 tiCroNilo,

spray nethod, and, if necessary, carrying out a heat

NiTa, NiV, NiNb, NiZr, NiHf, and NiCu having a fcc structure composed mainly of
Ni. The oxide material added to the orientation control layer 14 is preferably
selected from Si0,, Si0, TiOs, TiO, Cr203, Zr203, Tap0s, AlO3, Wo0s, M020s,
V20s, and Nb2Os. By édding the oxide material to the orientation control layer
14 as descri_bed above, particularly thfe function of miﬁiaturizing the crystal
grains is enhanced.

[0124]

A material forming the VundeArIayer 15 has a hep structure and can grow
crystals with a hep strﬁcture of a matérial forming the main rec'ordihg layer 17
into a granular structure. Therefore, as the crystal orientation of fhg underiayer
15 is enhanced, it is possible to improve the orientation of the ma‘inrrec,ording
layer 17. As the material of the underlayer 15, RuCr or RuCo can be cited
other than Ru. Ru takes a hep structure and can well orient the main recording
layer composed mainly of Co.

[0125]

The underayer 15 is in the form of a Ru film with a two-layer structure.
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treatment.. The thickness of the lubricating layer 20

.1s about 1nm This 42 perfluoropolyether has a

straight chain structure to thereby exhibit proper
| ubrication performance for a magnetic disk and,
because of having hydroxyl groups (OH) as end groups,
it can exhibit high adhesi od0performance with respect
to, a carbon nmedi um protective layer. 5[0132] Next, a°
description will be given of Exanples 1 to 7 in which
HE?‘IthF :ﬁg I s@brRdrRiRHaYdrobh e AppkASEr difle RS Ar gas
ange the sane structure as the perpendi cul ar
mgﬂﬂé i§ seEisigheh thgn medisehwhen &hvowy the fisstgind@riayet 1&a on the
Conparative Exanples- 1 to 3 in which materials of an
mies feyar side. cAathebas alaSSUTEONGSage fl@ﬁl”@ﬁdéﬁedgﬁéh of 5
were changed jn the same struct

PR SERGIRARTE IoRE gisetaasc? éeémﬂsntﬁ ﬁga?q;mqu)ragﬁgﬁﬁrqaﬁes to -

magﬁi'tr%jflg{%ﬂc@'@gé?"}g%e\,\é\é]&a@?lgﬁgﬂ{)lﬁ? gljs‘ﬁ‘rth r, tﬁie shze of abcrystal
LR ihedtoB s i BRSble AEQAEL NOAcalss ook RuT

was groun pol i shed, and chem cally
Eé‘ﬁic%ﬂgld?gé\&ﬁah fhaief aels erystah alttiibylf tHat sizenphilheaR s orystah lattice
nonmagneti c di sk substrate 11 in the formof a
shrediicsl, iappraashgs tleaied ﬂ’gﬂ @S srygital latticengo Wiag ik is possible to
substrate 11 was a_ 2. 5- etic |sk substrate
fuaiien Bnrfowe HI?eQ"é?tab@“%'%ffﬂ” %fﬁ ? &Qeqraw ahigyer of 20mm
and an@ 2 t hi ckness of 20 0.635mm The surface
rough % of the obtained disk substrate 11 was

obser \é%? fdPhi vk ﬁgmgga&m Grah@BER éfﬂ & f?r‘é%earyﬁﬁgstfdcture of

was c |rms o0 be snoot h sur aceV\nthRma

thel@ririanst @arﬂf gRwWiENIgravRar layet dRthe mlairmwcdadiamiayer 17

I ndustrial St andard (W5). [0134]
thereon, the nonmagnetic granular layer has a function of separating the

magnetlc granular Iayer from.an |n|tlral Vstage (buildup). The compositions of
the first onset layer 16a and the second onset layer 16b are nonmagnetic
CoCr-Si0, and magnetic CoCrPt-Cr2O;, respectively.

[0127] . '

_ The main recording layer 17 is a magnetic layer having a hcp crystal
structure. As the main recofding'layer 17, usé can be made of CoCrPt-Cr,0s3,
COCTPt—S[O?_, CoCrPt TiOo, or the like. ~Using a hard magnetic target made of
CoCrPt and contalnlng smcon oxide (SiO,) or titanium oxnde (TiOx) as a
nonmagnetic substance, a th crystal structure is formed. The main recording
layer'17 can be suitably set ina rénge of 7nmto 15nm. The composition of
the target for forming the main recording layer 17 contains CoCrPt and SiO; (or
TiO2) in the ratio of.about 9:1 (mol%). The nonmagnetic substance is
segregated to form grain boundaries around the magnetic substance and
magnetic grains form a columnar granular structure. These magnetic grains-

are epitaxially grown continuously from the granular structure of the onset layer
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25Then, using a C3040 sputtering filmformng
appar at us manuf actured by Canon ANELVA Corporation, .
an adhesive layer 12, a soft magnetic layer 13, an
orientation control |ayer 14, an underlayer 15, a
first onset |ayer 16a, a second onset |ayer 16b, and
a main recording layer 17 wate forned in sequence on
the 43 disk substrate 110 by DC magnetron
sputtering. [0135] First, the adhesive |ayer
2 was formed by the use of a OTi target so as to
€ a CTi4s5 (Cr:55at% Ti:45at% |ayer of | Onm
5[ 0136¢1%hen, using a FeCoTazZr target, first and
second soft nagnetic |ayers 13a and 13c were each
f or red reccomtintousblayant&ison greofesmpé eIt film inswhichthe

Co:55at% Ta: 3at% Zr: 5at% I|ayer of 25nm

megnetiphe coingga de the Riges diteiiiong RS cAyiuoys '@%ﬂ%immed

f d b . o ge :
Boalw ppes An 1 Bifttsir piebr IRl oh G 88 ane moge preferably
@Eﬁ"r%wegsoz (Ni: 86at% W 8at% Ti02: 6at% film of '

was formed on the soft magnetic |ayer 13. [0138]
15Theng1 the orientation control layer 14, a first
under l'ayer 15a made of Ru and having a thickness of
10nm Wasing an eedcudted fifm farming appagatyasthe layessfremghe
1.5Pa and, further, a second underl ayer, . 15b nade of

az_ﬁh@h@ Iamgn ‘r?gtodhe igopttcss [ayer| 18 edJp sequecepn the
ghlsl|< gnul];s()tga% W ir?gﬁ AFr) E\?rﬁgsuprheeré) [_)y g[?@%ﬁaén%‘?rgr? ]sputt_ering method.
in terms of the productivity,_-i.t is pfeferable to form these layers and films by '
in-line type film formation. -

[0130]

The medium protective layer 19 is a.protective layer-for protecting the '
main récording layer 17 from an impact of a magnetic head. Asa material
forming the medium protective layer 19, use can be made of, for example, Cr, a
Cr alloy, carbon, zirconia, silica, or the like. The medium protective layer 19 is
formed by film formation of, for exarﬁple, carbon by a CVD method while
maintaining a vacuum. In general, carbon formed into .a film by the CVD
method is irhproved in film hardness as compared with that by the spUttering |
method. Thus, it is possible to protect the perpendicular magnetic recording
layer more effectively against the impact from the magnetic head.

[0131]

The lubricating layer 20 is formed by, for example, diluting

perfluoropolyether (PFPE) being a liquid lubricant with a Freon-based solvent or

the like, coating it on the medium surface by a dip coating method, a spin

coating method, or a spray method, and, if necessary, carrying out a heat

treatment. The thickness of the lubricating layer 20 is about 1nm.  This



20Then, on the underlayer 15, the first onset |ayer
16a in the formof a CoCr-Si02 (Co: 53at% C: 35at%
Si02: 12at% filmof 1.0nmwas forned and, further,
t he second onset |ayer 16b in the formof a
CoCrPt-Cr203 (Co: 67at% Cr: llat% Pt: 17at% Cr203:
5at% filmof 3nmwas forned2 [0140] 25Then, using a
hard magnetic target made of CoCrPt-Ti 02 (Co: 64at%
Cr: 11.5at% Pt: 14.5at% Ti02: 1Cat9% with a-hecp

; ; g 17
(Rl0RpoBh S, 2 <SR Chalh BBt RGRIY Rt Gher
IGBAtAtRHPESfolrAN Rt bBa rfetic ok dnd, bbeauseeof dfavimgt yl
of Co,Crgég(Co: 60at\g/:?§g44 Cr: 20at% Pt: 15at%iwg:gmy

. Graupd (OF) 3s Bndrngrdup&4it ban exhibit hitheadhesiomegirignnance with
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protective layer 19 made of hydrogenated carbon was

fespaedo Bycarb TYURLPINREIVEIGHEE the film hardness is

|nprp§$gxﬁy the use of 5hydrogenated carbon, it is

possi to protect the perpendicular main recording

| aver \adai ale b iMALhe b BTLRERBABRL! CoeRtunibAtRiterial
iI's, a f PFPE

Af ter ricatin ayer 20 made o

- §PST ShdHestpciongbhayer MaGak ehargediy théeadieptucare ag the

met hod. The thickness of the lubricati ng layer 20 is
pErpendib@addhgiétr reeoting mgtiuapd 8sbewndn Fig. 8 and of
characteristics of the nedium obtained by the
ebowerative Hxernetespt rd yswhichgnalenals of gp @ggnt@Hgn control layer
FR e To Al RS BE b e e SR L @
perpendicular magnetic recording medium 10 shown in Fig. 8.

[0133] |

‘(Example 1) | |

An amorphous aluminosilicate glass was moldéd into a d_isk shape by
direct press, thereby producing a glass disk. This glass disk was groLmd,
polished, and chemically strengthened in sequence, thereby obtaining a smooth
nonmagnetic disk substrate 11 in the fdrm ofa cher_nica_lly strengthened glass
disk. The disk substrate 11 \-Na.s a 2.5—inch magnetic disk substraterhéving a
diameter of 65mm, an inner diameter of 20mm, and a disk thickness of
0.635mm. The surface roughness of the obtained disk substrate 11 was
observed by an AFM (atomic force microscope) and it was confirméd fo be a
smooth surface with Rmax of 2.18nm and Ra of 0.18nm. Rmax and Ra follow
Japanese Industrial Standard (JIS). B

[0134]

Then, using a C3040 sputtering film forming apparatus manufactured by
Canon ANELVA Corporafion, an adhesive layer 12, a soft maénetic layer 13, an

orientation control layer 14, an underlayer 15, a first onset layer 16a, a second

onset layer 16b, and a main recording layer 17 were formed in sequence on the
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15 magnetic recordi ng system having a SPT el enent on

the recording side and a GWR el enment on the-
reproduci ng side, wherein the recording density was
set to 1200kfci. In this event, the flying height of
t he magnetic head was | Ohm [0144] (Conparative
Exanpl e 1) 20In the sane fil® structure as in Exanple
1 descri bed above, NW (N : 92at% W  8at% was used
as an orientation control-layer 14. [0145]
Q@%%ﬁté"i%%ﬁ@@ﬁ%g@l&mn sputtering. | N the same film
structure as ih Exanple 1 described above, Ru-Si 02 25
(Ru: 9bagsh 5at% was used as each of a first
underlayer 15a and a second underlayer 15b. [0146

( Conpdiritt, the aEhaﬁ‘m% &ysy 112yas formed htherse ol FeCT| Jaﬁget S0
structure_as | escri bed above, Ni W (N :
8241 bg a\ﬁ“é‘af’t@’ 5@/@%/“'@@&35?) el tion cont 5 ol

| ayer [éi @nd Ru-Si 02 (Ru: 95at% Si02: 5at% was used
as.a s % d underl ayer 15b. [0147] (Exanple 2) In the

. same fTHéé‘H Y EECo T r kit gBK FStlafd SelErRF sorbREgABRVEYers

Ni WTi O

13a and 13c were each formed so as to be an amorphous FeCoTaZr (Fe:

37at%, Co:553t%, Ta: 3at%, Zr: 5at%) layer of 26nm.  As a nonmagnetic
space; layer 13b, a Ru layer of 0.5nm was formed by the use of a Ru target.

[0137]

- Then, the 6rientati0n control layer 14 in the form of a NEW-TiOz {Ni:

-86at%, W: 8at%, TiO,: 6at%) film of 10nm was formed on the soft magnetic -

layer 13.

-10138]

Then, on the orientation control layer 14, a first underlayer 15a made of
Ru and having a thickness of 10nm was formed at a film forming gas pressure
of 1.5Pa and, further, a second underlayer 15b made of Ru and having a
thickness of 10nm wés formed ét a film forming gas pressure of 6.0Pa.

[0139] | |

Then, on the underlayer 15, the first onset layer 16a in the form of a

CoCr-SiO, (Co: 53at%, Cr: 35at%, SiOz: 12at%]) film of 1.0nm was formed and,

further, the second onset layer 16b in the form of a CoCrPt-Cr,O3 (Co: 67at%,
Cr: 1at%, Pt: 17at%, Cr§O3: 5at%) film of Shm was formed.

[0140]

Then, using a hard mégnetic target made of CoCrPt-TiO; (Co: 64at%,
Cr: 11.5at%, Pt: 14.5at%, TiO2: 10at%) with a hcp crystal structure of 8nm, the
main recording layer 17 was formed on the‘ onset layer 16. Further, a

continuous layer 18 was formed by the use of a target of CoCrPtB (Co: 60at%,
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(N 89at% W 8at% 1102: 3at % was used as an

orientation control l|layer 14. [0148] (Exanple 3) 10In
the same filmstructure as in Exanple 1 described
above, NNWSi 02 (Ni: 87at% W 8at% Si02: 5at% was
used as an orientation control |ayer 14. [0149]
(Exanple 4) In the sane filmystructure as in Exanple
1 described above, N1WCr203 15(Ni: 82at% W 7at%

.Cr203: 1lat% was used as an orientation control

bf‘yﬁat#“rvt [1%?}3]%)((%%”%@%?5%}71 In the same film

uct Ut e as descri bed above, N W 1a205
(Ni: 6ga4Pp W Sat% Ta205: 33at% was used as an -
orientation control |ayer 14. 20[0151] (Exanple 6)
| n t heTtsmira Médinomgirolective layars19 madraipyerovenated catwn was
above,. Nl WNb205 (N : 74at% W 6at% Nb205: 20at %
famed dydhe SVahmetasht Sinasrihedi hgrdness v mmov%l?aoﬁteﬂse of

ﬁydroggnated )carbon itis possnble to protect the perpendlcular main recording
layer against an impact from a magne’uc head.

[0142]

After this, a Iubricating‘ layer 20 mad'e of PFPE (perfluoropolyether) was
formed by the dip coating method. The thickness of the lubricating layer 20 is
Tnm. | |

[0143] | |

The recordihg/reproducing characteristics of the medium obtained by
the above—mentloned processes were evaluated. The measurement was
performed usmg a R/W analyzer and a magnetzc head of the perpendlcular
magnetic recording system having a SPT element on the recording 5|de and a
GMR element on Vthe reproducing side, wherein the_recording density was set to
1200kfci. In this event, the flying height of the magnetic head was 10nm.

[01744]

(Comparative Example 1)

In the same film structure as in Example 1 described above, NiW (Ni:
92at%, W: 8at%) was used as an orientation control layer 14.

[0145] |

(Comparative Example 2)

In the same film structure as in Example 1 described above, Ru-SiO>
(Ru: 95at%, Siog: 5at%) was used as each of a first underlayer 15a and a
second underiayer 15b. o

0146]

(Comparative Example 3)



In the sane filmstructure as in Exanple 1 described
above, NiWAI 203 (Ni: 85at%. W 7at% Al 203: 8at®
was used as an orientation control |ayer 14. 46
[0153] (Exanple 8) ‘ In the sanme film
structure as in Exanple 1 described above, N Pd-Ti 02
(Ni: 86at% Pd: 8at% 1902: 46at% was used as an
~orientation control |ayer 14.-5[0154] (Exanple 9)

In the sane filmstructure as in Exanple 1 descri bed

above, jn Ny Esarhe Gm GhluctuB© as i EdmplBat desclib&® ab&as, Miw (Ni:
was used as an orientation control |ayer 14. [0155]
A04iEx B %) Was usedlas drherierdationt ¢dninof layect4iard Be-$i2 (Ru:
Exanpl e 1 descri bed above, N Md-1102 (Ni_: 86at% Mb:
8%at%, SIDpDathawas)used asustarond uadedayesdPht i on cont r ol

| ayer 14. [0156] (Exanple 11) 15In the sanme film
structl@i47las in Exanpl e 1 descri bed above, N Ta-Ti 02

(N : 8§t0/ !eT . 8at% 1102: 6at% was used as an
orient( PR Cont r ol | ayer. 14. [0157] (Exanple 12)

I'n theng a&lelfﬂnq%%uf_awé@iraExér{ileExmcﬁbéd dBsed, INFRETIO,
above, N1V-1102 20 (N : 86at% V: 8at% h02: 6at% .

MisSter vassat, aid.eBattt) was ased asbnlosigatatiod cofitpd SBjer 14.
Exanpl e 13) ' _

10148]

(Example 3) _

In the same film structure as in Example 1 described above, NiW-SiO»
(Ni: 87at%, W: 8at%, SiO,: 5at%) was used as an orientation control layer 14.

[0149] |

(Example 4) o

In the same film structure as in Example 1 described above, NiW-Cr203
(Ni: 82at%, W: Tat%,‘Cr203: 11at%) was used as an orientation control layer 14.

[0150]

(Example 5)

: In.the same film structure as‘in Example 1 described above, NiW-Taz0s '

(Ni: 62at%, W: 53t%, Ta,0s: 33at%) was used as an orientation control Igyer 14.

[0151] '

(Example 6) _ 7

In the same film structure as in Example 1 described above, NiW—NbZO}o-
-(Ni: 74at%, W: 6at%, Nbgosi 20at%) was ﬁéed as an orientation ‘c'ontrol layer '
14. |

[0152]

(Example 7)

In the same film structure as in Example 1 described above, NiW-AlO3

(Ni: 85at%, W: 7at%, Al,O3: 8at%) was used as an orientation control layer 14.



In the same filmstructure as in Exanple 1 described
above, NiNb-Ti02 (N : 86at% Nb: 8at% Ti02: 6at%
was used as an orientation control layer 14. 25[0159]
(Exanmpl e 14) In the sane filmstructure as in
Exanpl e 1 descri bed above, N Zr-T102 (Ni: 86at% Zr:
8at% Ti02: 6at% was used 48 an orientation control

| ayer 14. 47 [0160] (Exanple 15) In the sane

.filmstructure as in Exanple 1 described above,

Ni Hf - Thfg(Ni - 86at% Hf: 8at% Ti02: 6at% was used

as an oritentation control |ayer 14. 5[0161] (Exanple
16) | nekdepreaye filmstructure as in Exanple 1

descri bed above, N Cu-1i02 (N: 86at% Cu: 8at% _
Ti 02: I6#tefamabinusiedctars amindriasmmialidgacisns atmve, BjRg-TIO:
14. [0162] 10As each of nagnetic record

E ' dja,10 ..
(N aSatln 50t 80100 Vot SAIPLWES UREY RRGRATCEAIER SPRTAJaver 14.
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medi ”%}lé with the structure described using Fig. 8
IS ma HMtured. I'n the manufacturi ng processes of .
t he Egsﬁ'bfé dyecor di ng nedi um 10, respective | ayers
are forned 1 n’sequence on a disk substrate 11 by, for.

exanpl|g thd £4ms Ak sTBGDRS aSinl Bxeenplé drddsndbaat alpmas NiCHEIO:
magnetic recording 15 layer form ng process, and so . :
(V1 86BH%, (roka¥%s FH0.0Bal%) wangsed es aaopenietior cpaiadayer 14.
may be the same as or simlar to known processes
exceptl01¥d soft magnetic layer forming process.

(Example 10) -

In the 'same film structure as in EXampEe 1 described above, NiMo-TiO»
(Ni:-86at%, Mo: 8at%, TiO,: 6at%) was used as an orientation control layer 14.

[0156] '

(Example 11) |

in the samé film structure as in Example 1 described above, NiTa-TiO;
(Ni: 86at%, Ta: 8at%, TiO,: 6at%) was used as an orientation control layer 14.

[0157]

(Example 12)

in the éame film structure as in Example 1‘ described above, NiV-TiO»
(Ni: 86at%, V: 8at%, TiOz: 6at%) was used as an orientation control layer 14.

[0158] '

(Example 13) ,

In the same filrﬁ structure as in Example 1 described above, NiNb-TiO,
(Ni: 86at%, Nb: 8at%, TiO2: 6at%) was used as an orientation control layer 14.

[0159] | | |

(Example 14)

In the same film structure as in Example 1 described above, NiZr-TiO;

(Ni: 86at%, Zr: 8at%, TiOz: Bat%) was used as an orientation control layer 14.
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[0163] Fig. 9 shows the evaluation results of the
average crystal grain sizes 20 eval uated from
pl an-vi ew phot ographs of a transm ssion el ectron
m croscope, 4050 eval uated by an X-ray diffraction
appar atus, and the recordi ng/reproducing
characteristics SINwth regyect to the nagnetic
recordi ng nmedi a manuf actured in Exanples Ito 16 and
Conparative Exanples 1 to 3. The area of each crysta
nﬁﬁgpved froma plan-view photograph of 25the
trans n el ectron microscope is converted into a
C|rcIeE§g £$@¢5 yadius of that circle is defined as a
crysta in size. The average crystal grain size is
an av ernage sumefitmadtutived ab iroExsaplerfadeduihed ebevay NiHF-TIO-
crystal grains. 4050 represents the full width at
et B6atYki HifuBatds, Thy: §J wek wised ps eniasientalipe sopialdaysy 14.
48 a rocking curve. [0164] FromFig. 9, it can be
confirld8khat, in Exanples 1 to 7 in which an oxide
was ad d onli6 o the orientation control Iayer 14
whi | e %as 5 added to the underlayer 15, the
magnet G %Qh@fﬁh%ﬁu@ﬁné%@H?Eﬁﬁﬁbbol8é¥ﬂbe@@§oﬁ@dWGﬂdﬁ02
and, further, as conpared with Conparative Exanples 2
i 8B8aion @mn&t%anoaxwt%)m skl arootidreationdenritay &yer 14.
degradatlon in crystal orientation of magnetic grains
was suppb@ssed. [0165] 10The Iayer structures t he
material s of the mepbers, the ers,

pr ocesAs fachelimaarelic regpidlingms |a laval '"9 510 1Iiheelzsmn'ltnes

P rgaraeEPgh CERORRT A i SRictu ARe% A8l o s
?eid G V‘?mytﬁ %érﬂﬂé‘c @rirh Bﬂ)%e§%%aé?|tt¢e RfagRxtid Fécbkdiﬂg
SRS L

entlon Ot her than that, _
h’(h@ildrﬁlmﬂrejsﬁ&ﬁmel lavers aife hﬁrrreairm isequarice oni 4 Hisk substrate 11 by,

for example, the soft'magnetic layer forming process, the magnetic recording

layer forming process, and so on. The processes of forming the respective
layers may be the same as or similar to known processes except the soft
magnetic layer formlng process

[0163]

Fig. 9 shows the evaluéﬁon results of the average crystal grain sizes
evaluated from plan-view photographs'of a tranémission electron microscope,
AB50 évaluated by an X-ray diffraction apparatus, and the
recording/reproducing characteristics S/N with respect to the magnetic
recording media manufactured in Ex_émplés 1 to 16 and Comparative Examples
1t0 3. The area of each crystal Qrain derived from a plan-view photograph of
the transmission electron microscope is converted into a circle and the radius of
that circle is defined as a crystal grain size. The average crystal grain size is
an average value derived from several hundreds of crystal grains. AB50

represents the full width at half maximum of Ru (002) crystal orientation peak in
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15 proper changes within a range not departing from
the object of the third invention. Industria
Applicability [0166] 20This invention can be used,
for exanple, as a perpendicular nmagnetic recording
medi um adapted to be nounted in a HDD (hard di sk
drive) or the like of the pegpendi cul ar nagnetic
recordi-ng system 49 CLAI M 1. A
perpendlcular magnetic recordi ng nmedi um adapted to

é hm@grnatlon by a perpendicul ar nmagnetic

ng System wherein the perpendi cul ar nmagnetic

recor mg4pﬁd|un1conpr|ses a substrate; a soft
magnetic |l‘ayer formed over the substrate;

- pre- unien Bige$, it cambel confirmetdiibat af Examglaet’lltoﬂlawdmh an
“and containing seed crystal grains as crystal grains

pide weasradsled only todbe ofipntalipry seairol daver 44 vétilef1e iR pas

ﬁg‘i‘f%%‘@?'%@“ R gﬁnﬂﬁroif%%' ) fapsm%gn@ﬂ%%avef was
CGI %8 langnfuﬂr‘uéle gg%&hﬁ)ﬁr [f ar&’ﬁr nHie&D MBRER

=COor ayer

ﬁ/ﬁl&haérf‘d)ﬂ@e Re %@Hé@ t&fkﬁéﬁirﬁierlﬁ%@' Gégwdhfbrﬁmﬂryﬁélainentatlon
structure that is controll y the underl ayer, :

dbmhgneticgralne waesupptiesdedyer contai ns t he seed
crystal grains that serve as the base for the crystal

- gr ai ns[0d65} he underl ayer, and an addition
subst ance t hat added bet ween .t he seed crLy st al
gr ai ns! @YD \wgs ea{?@tsr'%'ﬁé%iﬁh%@@r’ﬁ&r%ﬁ SpgRpers. the

%%%‘n ﬁa%ﬁggsg gfjslag aagg‘?nas? r?%qﬁ A YoRrimaRiidlegment
embodiment are only examp!es and the third invention can be carried out by
changing them in various ways within a range capable of exhibiting the effect of
the third invention. Other than that, the third invention can be carried out with
proper changes within a range not departing from the object of the third

invention.

Industrial Applicability
[0166]

This invention can be used, for example, as a perpendicular magnetic

rrecc')rding medium adapted to be mounted in a HDD (hard disk drive) or the like

of the perpendicular magnetic recording system.



2. A perpendicul ar magnetic recording nmedi um
according to claim1l, wherein the seed crystal grains
are crystal grains of an alloy of NN and W

3. A perpendi cul ar magnetic recordi ng nmedi um
according to claim1 or 2, wherein the addition
substance i s a substance tha@ does not chenrcally
react 25 with a material of the soft magnetic |ayer
and the seed crystal grains. 4. A

per pendi cul ar magnetic regqrgisg nedi um according to
claim 3, wherein the addition substance is a solid
subst ance. 5. A perpendi cul ar magnetic .
recordi ng nmedi um according to claim4, 50 wherein

t he adtli tA parpenbistianomgnstiBrecording mediun adapted to record
per pendi cul ar magnetic recordi ng medi um adapted to
inf@roralionblyat pepeadicygr @aseefrrempﬁinmwsﬁ%@n‘@ rein the
recordin s stem the endi cul ar. magnetic
PERSHEICHRT ”BHQE%PHrF ‘5“§85§T§%ﬁe and, over the
substr 5 |l east a-soft magnetic |ayer, a

pre- un%ég?%gﬁr an underl ayer nade of Ru, and a
magnet i goff RQHEIOByLRKRhcadBE Bd substkaeord a signal,
wherei n the pre-underlayer conpri‘ses a first

pr e- ung prd-ayduriagradierraéd avéuthal dofiynagretia Iay@a: and contarnrng
pre-underlayer nmade of NiW

peeondiatatains amgelel arainscbatiserye Aedi hﬂwé@r:w&tﬁh@ram? of an
cl ai m6 10 wherein the Cu alloy is selected froma
E‘BE‘?" ﬁY‘Froy a Cuwalloy, and a CuTi all oy

e cor GG R EBE0EL i drehluthder B dfilaimipg orysta
gfaiﬁﬁﬁ PE@ntHﬁgﬁrdn@M%'hoh ©f Bryistal §74M8 of an upper laydr; dhd

er pen | cul ar magnetic recordi ng nedi umaccording to
any ofa tfagabd recofding®layer ubrenivimy mhgneticdeydtalygrains with a
conprises a first underlayer and a second .underl ayer
trystaliirettugatbapiseosiiplas by theginderigygreach ot her in Ru
filmformation by géaterln 10. A

per pen‘é{h%rﬁfnafrher?é‘@ﬁ'@ ¢ M%&Ba@i"ﬁ’g medi um adapted to

record i.nf.or, % n%go I | arains of
Fecor drggh TPl Brfls B PR 51 LR FARE kel grains o
mr}ﬁ;elﬂ% ECSRY d| ng medi um conprises: a subst rate; a
%etl c layer formed over the substrate;
an addition substance that is added between the seed crystal grains
and composed of an Velement having an atomic radius smaller than an atomic
radiuls of an element forming the seed crystal grains.
2. A perpendicular magnetic recording medium according to claim 1,
wherein the seed crystal grains are crystal grains of an alloy of Ni and W.
3. A perpendicular magnetic recordrng medium according to claim 1 or
2, wherein the addition substance is a _substance that does not chemically react
with a material of the soft magnetic layer and the seed crystal grains.
4. A perpendicular magnetic recording medium according to claim 3,

wherein the addition substance is a solid substance.

5. A perpendicular magnetic recording medium according to claim 4,
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a pre-underl ayer forned over the soft magnetic |ayer,
the pre-underlayer containing Ni as a nain materi al
and added wi th an oxi de; 25a nonmagnetic underl| ayer
formed over the pre-underlayer and havi ng a hexagona
cl osest packed structure; and a magnetic
recording layer in which cryggtals with a hexagona

cl osest packed structure are grown into a granul ar
structure, the magnetic recording 51 |ayer being

\kﬂ%' pth%\éfcgdit’cfﬁesﬁb‘%mgﬁ?hi c underl ayer. 11.

er pendi cular” magnetic recordi ng medi um accor di ng

to cl a mABerpahgicelal nidyefid Reddfdlag hddRIm agaptetns rasrd
main material an alloy formed by adding the oxide to

forhratish byrepdrpaddisdberingdetic mopaling syspero oivg miespanglicular
NW NiPd, NC, NNM, NTa, NV, NNb, Nizr, NH,
magnalicrecording medium gomprigiag gesuipsEaieANrayfdhe substrate, at

e ol B R R L AL AT Fhe e B R o
ising. Si j ' T 3, Zr203, Ta205,
&'I%ggé{'g{ﬁ%ggﬁh %8?5%%%%?€§Pﬁ%5%%?s ad(rlled as ? he

oxi de \\RerkMenB e uREEdyRY 8bmphdsa fifst pes-pedstisyet aiade of a

“magneti c recordi ng nmedi'um according to any of clains

¢Q dlloy 33d avdwenad pré-hrd@taeundelel (ipdW. has a t hi ckness _
of rmto 20nm ~ 14. A perpendjcul ar magneti¢
r ecor df-ngA pedensicules oragNGHC teLosHYI BrediyraaReordnatts cleam 6,

wherein the under| r.contajn or U .al | oy,.
WEeToH fher (i AP ) SelectReL o 4 CHEE o A g Ry aPa cou
ﬁlgocordi ng to any O 15 clains 10 to 14, wherein the

gYheti c recording layer is made of CoCrPt-oxide. :
16. A gret DgdrpehdiéBmRy hidgnefit RebordiRg FiIeh @eb@ding to claim 6 or
magneti c recordi ng nedium conprising the steps of: '

7ownéreth & tsteffthickRgstedfithe besrandearieger & StobEnmat e, _
form ng over the soft magnetic |ayer a pre-underlayer

i n whi%h Apemendisular magnetic recording medium according to any of

‘claims 6 to 8, wherein the underlayer comprises a first underlayer and a second

underlayer for which gas pressures diffe'rr from each other in Ru film formation
by sputtering. | _

10. A perpendicular magnetic recording medium adapted to record

information. by a perpendicular magnétic recording system, wherein the

perpendibu!ar mai_gnetic recording medium comprises:

a substrate;

a soft magnetic layer formed over the substrate;

a pre-underlayer formed over the soft magnetic layer, the
pre-underlayer containing Ni as a main material and added with an oxide;

a nonm;agnetic underlayer formed over the pre-underlayer and having a
hexagonal closest packed structure; and

"a magnetic recording layer in which crystals with a hexagonal closest

packed structure are grown into a granular structure, the magnetic recording
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20i s added to a material containing Nl as a main

material, form ng over the pre-underl ayer a
nonmagneti ¢ underl ayer havi ng a hexagonal cl osest
packed structure, and form ng a magnetic

recordi ng |layer by growing crystals with a hexagonal
cl osest packed structure intd a granular structure
over the 25 nonmagnetic underl ayer.

layer being formed over the nonmagnetic underlayer.

11. A perpendicular magnetic recording medium according to claim 10,
wherein the pre-underlayer contains as a main material an alloy formed by
adding the oxide to at least one kind selected from a group comprising NiW,
N|Pd NiCr, NiMo, NiTa, NiV, NiNb, N|Zr Nle and NiCu.

12. A perpendlcular magnetic recording medium according to claim 10
or 11, wherein at least one kind of material selected from a group comprising
Si0,, SiO, TiO, TiO, Cry0s, Zr,03, Ta,0s, AlyOs, W-205, Mogog, V405, and
Nb,Os is added as the oxide in the pre-undetlayer.

13. A perpendicular magnetic recording medium according to any of
claims 10 to 12, wherein the pre-underlayer has a thickness of 1nm to 20nm.

14. A perpendicular magnetic reeording medium according to any of

“claims 10 {o 13, wherein the underlayer contains Ru or a Ru alloy.

15. A perpendicular magnetic recording medium according to any of
claims 10 to 14, wherein the magnetic recording layer is made of CoCrPt-oxide.

16. A method of manufacturing a perpehdicular rﬁagnetic recording
medium, comprising the steps of: -

forming a soft magnetic layer over a substrate,

forming over the soft magnetic layere pre-underayer in which an oxide
is added to a matenal containing Ni as a main matenal

forming over the pre-underlayer a nonmagnetlc underlayer having a
hexagonal closest packed structure, and

forming a magnetic recording layer by growing crystals W|th a
hexagonal closest packed structure into a granular structure over the

nonmagnetic underlayer.



