SUBSTRATE FOR PERPENDI CULAR MAGNETI C RECORDI NG MEDI A
AND PERPENDI CULAR MAGNETI C RECORDI NG MEDI A USI NG SAVE
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application clainms priority fromapplication Seri al
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[0003] Magnetic disk devices, which are advancing toward markedly higher
recording densities even while costs decline, play a central role as external memory
devices for computers, and in recent years have also begun to be mounted in other
digital consumer equipment as well. In addition, magnetic disk devices are becoming
smaller, and are beginning to be adopted in portable music playback devices and other
products as well.

[0004] Longitudinal recording methods, in which the magnetization easy axis
of the magnetic recording layer is oriented parallel to the substrate surface in the
magnetic recording media of the magnetic disk device, have been adopted in the prior
art. In recent years, in order to attain still higher recording densities, a perpendicular

recording method has been adopted in which the magnetization easy axis of the



direction perpendicular to the recording plane, so
that the magnetization is stable in nmagnetization
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positioned directly below the magnetic recording layer in the magnetic recording
media. Further, the orientation dispersion angle (A650) of the orientation control layer
depends on the surface shape of the substrate positioned below the orientation control
layer. In recent years, methods have been disclosed for controlling the orientation

dispersion angle (A650) of the orientation control layer, which effects the orientation



[ 0009] In Japanese Patent Application Laid-open No.
2006- 286029 (corresponding to U. S. Patent No. 2006
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DC magnetron sputtering to form an FeCo alloy soft magnetic backing layer, Ru
intermediate layer, and CoCrPt alloy magnetic layer in order on substrates on which
oxide abrasives and diamond abrasives had been employed, CVD was used to form a
carbon protective layer, AFM was employed to measure the substrate surface shape in
a 1 pm x 1 um field, the crystal orientation was evaluated by the rocking curve method
using XRD, and read/write characteristics were evaluated using a 130 Gb/in*

equivalent perpendicular TuUMR write head. According to these experimental results, it
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3 is reported, there is a deviation anong the
substrates in the correlation between the cal cul ated
aver age roughness Ra of the substrate surface and the
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and the crystal orientation dispersion AO50 of the orientation control layer (in



and the crystal orientation dispersion A0O50 of the
orientation control layer (in 4 Japanese Patent
Application Laid-open No. 2006-286029, the
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Equation 1

1

o- ] o)

[0017] A substrate for perpendicular magnetic recording media of this invention

can be used in a fixed magnetic recording device (hard disk device), which is an
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external storage device for a conputer or for consuner
equi pnent. It is desirable that a substrate for

per pendi cul ar magnetic recording nedia of this
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The foregoing advantages and features of the invention will become
apparent upon reference to the following detailed description and the accompanying
drawings, of which:

[0021] Figure 1 is a perspective view showing a donut-shape substrate for
perpendicular magnetic recording media 10 of the invention;

[0022] Figure 2 is a cross-sectional schematic view showing an example of the
structure of perpendicular magnetic recording media 40 using the substrate 10 shown

in Figure 1;



[0023] Figure 3 is a graph show ng the relation
between the orientation dispersion angle (A050) of
the magnetic recording layer and the substrate surface
roughness (Ra), for nedia group A and nedia group B;
[0024] Figure 4 is a graph show ng the relation
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sulb9QZ6hFdsure Orig a wiand oving shawglasion hebyern S A chamcteristics
. 1 . : : 7 i .'. . . ]
anaEBHERGLIOR SERERIG AL 3D Bl Aol ) hf e

grop AvdndemedikiggoieB8B shows a substrate structure
conpri sing sinusoldal curves (depressions/protrusions)

wi 190271 Kigyaei7deia sianthshewing thenebativorhesenrad/ N chpaatanistics
andgp s B TEPBRlOh Sl pidd il 00 Ao ig srove B

t y pes2 8 fFigure 8RS AL &s4lsaétiog Mkhfatfc@ﬁ%rm sUBétaes for

respectively conprising substrates 62a and 62b, soft

perpragdiraddronagnesie se@udingridediabin which ftigire 8A dontsasubstrate

s S5 B SRBRS s DEFRID P5

witlith ahehefizaital'mansSredt Uridiatuibeeas chdsebédidnaheiewagne Figure 8B
recording layer and 6 is the _average interval between

showh @ sebsterin etr fesuts eammtising snneoidal CYRGIRG dPRIGSEO IS GPTORISIRS)
witth P84 g&%d[s%tﬁin #o ?;ﬂng WEris PR RE é(li'lff'e%? 1%s P theSHBSE4 S

and SimTar is viewed as sinusoldal  curves 1s
Figae@®2oxindpt el y four times (D+6), and Figure 9B shows

nmedia for which the period k, is, approximtely 0.18

t i HRQ29) Migtyre 97s a cross-sectional schematic view of two types of
perpendicular magnetic recording media, respectively comprising substrates 62a and
62b, soft magnetic layers 64a and 64b, orientation control layers 66a and 66b, and
magnetic recording layers 68a and 68b, in which, when D is the average grain
diameter of magnetic grains constituting the magnetic recording layer and 9 is the
average interval between these magnetic grains, Figure 9A shows media for which the
period &, when the surface shape of the substrate and similar is viewed as sinusoidal
curves is approximately four times (D+3), and Figure 9B shows media for which the

period A, is approximately 0.18 times (D+3).



DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS

Principle of the Invention [0030] Below, the principle
of this invention is explained. 1-1. Relation between
orientation dispersion angle (A050) and paraneters
related to substrate surface shape [0031] The

Dt B RS LN s B afre EMBOIIMENES on the s v
P R ISP he. or i entat! on di Spersi o anal e (A050)

of [0B30JoBélewt tite prmaiplebf tlis invageon israxptiia¢d| y bel ow
R AN O R  —r,
S“blsffxwgerﬁ‘%f%%ﬂ%%ﬁon the shape of the surface of the film

ow. A backing layer of soft nagnetic

mat [@0B & Theon@itafdh Hisp@ivnt dne@\o50)Etha intd ghekie herd g layer,
orientation control layer, and the orientation . .
whichiexers an aftirenice on sherpiNgharagtariscsef the eagiietip seesfrding media,

s dp Rl % caPbFliopfancs e e Dl B PPie@ARg cnuro
lay&' infiiédihtedNbel WBE hfdgaBti@RGbRINERRE). THe dikdtation dis?ersion
orientation control layer, and consequently that o

anglh@\6 S ghthtei ariengmsmmdiomgy ol tayer deysende bh.th¢ SigxgR]ofChe surgace of the
ot her hand he ft. .magnet i terial used jn the

FLnp SRR (A EIo™ A SRS Gk OEaP R ers PR GERLE ngaly

positibrdaNaAédiaR1Phas R R 8ribRhAbh 8bnirsl 1#9&dand HRNGSerlthfon

backi ng layer 'surface shape satisfactorily reproduces
contted layier issfoemeth ajpmgahe suttfaceshipt ofthés haoking layerdso that the

o e BN L B3RO i
dis?%ig%hraﬁtgﬁs- (Ab96)33H hE bARATaABN %Qﬂt?f@l’ la%é} Qﬁ§l @B?k‘:ﬂﬁgﬂw fifak of the

e orientation dispersion angle AD50) o

magegaecordireglayeli asgvélhyer, it is sufficient to control

I R NG R
mu@ﬂf@t@iﬁkﬁétﬁall? %@deilg ah@sb e géiél?eﬁtarnaehﬁoﬁi}ﬁ'bil@ﬁ?at&'i‘ﬁﬁﬁ used.

are studied Tor use in controlling the orientation
Hengesthebaicking daygr suifa@sbppeosatisfastoridymeprodueasdbe sitfiace shape of

| . 1-2,. S f .
the,s§¥Hiats &P ot Borsalts aBf soR b el PRAb b SR Yy Bpengeting
layé&Sdplenli ©6n AROMBfack BRaeiTThe AlRuat f ace roughness (Ra)

Is a gararreter rel ating to the substrate shape which
i s [0R ¢

3leknigam ehef ahove ointarder torpgntmktherdreentatiarodispersion angle

BB R RS R R0 280, B5h Bl amete
which &ise$ B8fT FRGHULRF o HEVSUBktrAR uEHRS H &8 a VaPRty of parameters
surface roughness (Ra)

relating to the substrate surface shape are studied for use in controlling the orientation

dispersion angle (A850) of the magnetic recording layer.
1-2. Substrate surface roughness (Ra) as a parameter relating to substrate surface
shape

[0034] As stated above, the substrate surface roughness (Ra) is a parameter
relating to the substrate shape which is inadequate for controlling the orientation
dispersion angle (A050) of the orientation control layer and magnetic recording layer.

This is because, in a cross-sectional view of the substrate, the surface roughness (Ra)



8 takes into consideration only the vertical conponent

of the surface shape, and horizontal conponents are

not consi dered, whereas the orientation dispersion

angl e (A050) takes into consideration both vertica

and horizontal conponents of the surface shape. That

is, because the surface roughness (Ra) and the
takesrmmcmsldﬁratmrscpidy shovertipg)icomyonesoyf thewerfaed thapennd
horf R USROS pE FRLES SR L RGid N, YARLETHORTEREALA HEDRRR Mheie

sur ace reasona

(A0SONGakEEhtd ARERIcestil botha®rtidal an@RBrik&ntaN€mponents of the surface
correspondence. [0035] Here, a horizontal conponent of

shap¢iel'haflis beeause sha fustage s@zgimesm(éwé anfighe pm‘-mt@tiomfilsperswn angle
curves wh in ss-sect.i onal view
o3 e R o R s prle St e r b B et atngin the
subﬁt?aece %uﬂ&éer ﬁt@néweﬁﬁﬁﬁbﬁrt% 6nSiRARSe SuMISUsdRh dHA Y& he
her, the vertical conponent of the substrate

cormaptﬁlateacshape means the anplitude when the shape IS
ves

ot NOE RS, § RGNForT S erins SE st Bite Sy i musans the

perffd dfghusbiaal sk es SHED AAQ @6ssSIebtisRl1 ddw 6Pfh¢aSibstrate, the
met hod can be ap Iled whi ch uses a sinusoi dal curve

dem@viongpmﬁ@smslwes chthamles@ralﬁgzsuréacrs@m vigwved aa gigfugpidal curves.

Furggqeglglve p?lg Sﬂtﬁ Utk uﬁ'&&e aﬁulr g—ba?grg r%%ans e amplitude

whén ﬂié%ﬁhﬁ@is s@éﬁ u@ﬂm abBdle Islﬁub(ﬁtihll qUrdsst Wgal spasiticlmehedfor
[0036] Figure 8 is a cross-sectional schematic view of

vieingsthe depssion/ prpppenghanes of thayistraie suefaes e sigusoidal curves,
m'gﬁgi lﬂ: 1\;{% 195' vsﬁh&lf' lifes § 1?&%‘%&1 tcﬁﬁre%fa(zﬁfgt SHS pe?foda obtained by
su nt VI Nng SI nNuUusol

a Fédﬂ@rmfmﬁs /S}ubbfarteldirﬂql&) usihg b Fﬁﬁlepaansfdﬁnw 4 pereral method
hori zont al .conponent in the substrate

for presertingalt shamss a%fil@WOl%%.CPéV@S. it s both grastigal anddogical.

str I r [

(adSPs gt Do Ao S G MM BIOMER DMK 1\

perpardictior magmdta recandprywandial imwhichr Fighe 8Aibsd waithe structure of a

Fi gure 8A. he fi e, t,he nbol s
subge mwg@galsa}%ﬁ guryeS &f?@resa@ﬁﬁ iskeraripps St 37 REION within a
e ARER AR EACE 0l B SISl Skl
theistrdctma ef a substgatef i gshaypsesd afcurtes (éqi)_emrcm_sépr;otruamms) with
7/ Jol%jer{qﬁié %@Bﬁ élgeggaé% (?r&lqr}%!%lf ah?p(iql??i L&%Lﬁarn r?]fql ogst?ar%g Ene ﬁigure 8A.
In the Rﬁ%hfea"ﬂ?egsyrﬂ%@ 52¥ 8Dp \WeRbtelthe a§é&‘é§§fﬁlah@ dgfpess is

t he 'same (when the maxi num hei ghts (anplitudes) from
deplf¢ﬁ@mépt@ém510nﬂ@paszﬁ>r eadtbof themiubsirases, &mtasq dh@eenteirlines of the

. the,same), if th e SSi rotr

sinaial SIS the saBell oR s g R R St SRS Of e SiBsurates;

andjﬂhfefs?ﬁl%ls 564N86b ihelidaftheGAclANE oBSanigRs HE th Ofle frBRion/protrusion
substrates are different. Fromthe above, research is

shapg&;@fgbgsybs@qatqsa]l“hmc\@nswh@t ﬂmsu@ﬁagﬁrqu@ness is the same (when the
maximum heights (amplitudes) from the center lines 52a, 52b in Figures 8A and 8B

are the same), if the number of depressions/protrusions contained in the same
horizontal component L is different, the inclination angles formed on the substrates
are different. From the above, research is necessary on parameters, other than the

substrate surface roughness (Ra), which are parameters relating to the substrate shape



substrate surface roughness (Ra), which are paraneters

relating to the substrate shape 9 and whi ch control

the orientation dispersion angle (A050) of the

orientation control [|ayer and the magnetic recording

| ayer. 1-3. Root nean square inclination angle (GsAQ)

as a paraneter relating to substrate surface shape
and[\@b@h]comel the qrmnéat srersion engleyapl Orof sheatientatipe control
1 8%}{13 g 4 i.nation angle (GsAq), described
ayeﬂ@in B%Fee?% 18¢ arygr ating to substrate shape.

1-3] ﬁggﬁneﬁh sgharelilSlindtdd Mdie % ﬁ?‘ 95 & pﬁfmﬁ&@r PRBHE 86 Substrate
surface shape is determned as . As the
surfagbshapet € mai n surface shape, the shape of the surface

is i.ned by.a . func |oan coor di nat es.
o003 Y i b thfegw ik heheg o s PREA D SRR
1nc1§%ag§) %n gé@sﬁ@g?ﬁ{cﬁ?@d ép)%?ﬁggﬂleg?eﬁﬁgi%ﬁ%g@})gtrate shape.
Set[09381|H1rsa,rt|hE ynahmatlbn anglleaif thd subetrste saﬁ"atcosh’mlees detBfinined

039] Next, thefuntloan IS us to
as fa@@ rﬁx% CSHBStHALE IR SAfRse Bape, éh%shqpﬁaf .ﬂaﬁait}rgq*;eemﬁned by a
fungtgrr% ?\,@X’@%ﬂ -y EB&ﬂ%t@sS e?@ rtﬁé?r{h[ ﬁ?uﬁ%%e‘?ﬂé‘ﬁ{scﬁg ﬂ% %urface on

quation 1 z
one sidA6f thEgubdterte, anidex- ﬁbwdlrmeﬁ mears eabrtimatistresuliing wihiea the x

o R S B S P 0 S
ar gOOﬁal \ ect fh‘é%ﬁa‘iﬁﬁ(ﬁ@cﬁ uL L4 rhgné Bﬁa %icddb E5bh QBrface

tironin ove-descri

incl@mrodu (0) o8 the haesuréiceras neyeredcaingt HsBSecpraaoﬁQI) eiewpl e
equi val ent to neasurenent regions when neasuring the

Equatiopdce shape of the substrate. Equation 2 f E14 SA (
~x1~y LI YApdedy (2) [0041] /nally, the inverse

t angent| @f> Xh dot ( AE, i nclination (GsAQ)
exphess ( WJ (@n’ ilon (2) (tari'(sAq)) is

t aken tjo be® {he r 0o négn are anl i nation angl e
(GsAq), and this is defined as a(p ramet er indicating

t he[0D40)| Fuiétier Othe a9 8p & usel o Fetesinird! the S0t A6 square
inclination (sAq) expressed by equation (2) below. In equation (2) below, 1x and ly are
respectively reference lengths in the x direction and y direction in the above-described
x-y coordinates. These reference lengths are for example equivalent to measurement

regions when measuring the surface shape of the substrate.

Equation 2

a2

[0041] Finally, the inverse tangent of the root mean square inclination (6sAq)

expressed by the above equation (2) (tan'(sAq)) is taken to be the root mean square

inclination angle (0sAq), and this is defined as a parameter indicating the inclination

angle of the substrate surface.

10



10 [0042] This root nean square inclination angle
(CsAq) differs fromthe surface roughness (Ra) of the
substrate in being a paraneter relating to the
substrate shape which enabl es adequate control of the
orientation dispersion angle (A050) of the

O | RPASE AR SRTHEA o BV AAPRIEE (R ALPRREN A the surface

rougﬁﬁéds MRhL) 6Mtha B@H)s@rafecﬁﬂﬁ&ng 5 phtanddtbyrel Qirghe thé bigbdtratd shape
i spersion angle (A050), a paraneter relatin

whicheenghles adequakegantigd o Hhe qmaﬁwn dlsp@ﬁ@ndmgén M&égb@ﬁ the
orlgﬁrt i cal nd hori,zont al.

A CoK 1?Y§T apd m Sﬁ%ﬁr‘T?? Easfeﬁ Illlaé S I a%e root mean
squi FURICANA tii A (G%ﬂgf‘@ﬂﬁﬂhr(y%ﬁﬂ}: oRfeHtat{dR (ﬁﬁi&ﬁ@)ﬁ‘tah%l@ (A850), is

di spersion angl e coi nci de when representi
a paRpraeschniss po dier suusfaOﬂ sha,m: whigh saites tintat considef doa, boa]m eertical

i.t .i.s reasonabl e these.as in a
and)fipti oty ForTOTERG S T MEEAE ST I Sahin s Cmepnenfs Rfghe roor
[FoTe\s
meih Sidclinktion aARRTONG Bh OB Bliad BRpERRI SRANA650)
commdé ewmhlreprbkealnnghieprasubnw&mmsusaqnmﬁhe mnbsmm suxface, and so it

: ang Q%Mg&l or Iess and exceII z/

is regsRpale &9 reprd dhege s Bt PR&fa- %%C‘?rﬁesﬁ’ﬁﬁ qe corEpPRing to 2

lindBHifctiopi ch enpl oys a substrate satisfying this
condition. It is still nore preferable that the root

1- qurpregnmaahgmbf tlmtrbohnn:aglsquz(x@aﬂql)nﬁtmﬁangle I(%h],) and
nmore excellent S/N characteristics can

r eaIQOQéJdIt iPretegHde that themod megngsguare welingtign @@gls (6sAq) be 5°
ot %gsg%hg%&gd ﬁ?@)ﬁfclﬂh&gtetrﬂtﬁ &%”Bjé }ehﬂﬂe th'ma r?é?ﬁ%édrgwg media

ure or att ppropriate ra

whichadmpiega sefssaace saluﬁﬂyhngmus @mdamitgi dt (s@lﬂqﬁox[e(mé%}able that the
Next, a specific procedure for obtaining such a
rood gaesnysqpareinelmasiopsagle Redd is duar kess, ediengn nanre gKealient S/N

cha(rgc:tpiqgtmgf 1’? belea r? lﬁgci 1ﬂ r%[ gﬁ& of.a egg 1né&1%ﬁfr’eﬂ wﬁ c%l‘{fs? gsubsstr?te

cross-sec I Ona Iagram

sati¥Bgnethic coriieedli ng nmedi a, respect ively, corrprl si ng
substrates 62a, 62b; soft magnetic |ayers 64a, 64b;
1- Seﬁmeﬁflamrmd@quraﬂmﬂhe @BRropsEe range for fheroat mean square

rdin s 68a, 68b. In the figure, Dis the
m“!f&‘éﬁgﬁé‘“g‘r“a@%&& aneter of magnetic grains constituting
t hefpo FN@M & sPE&SRE FioBdhRYSF obtaiMinSsich 4 ifbsBYRMMIE a root
i nterval between these magnetic grains. The media

meghoamare mndtingtion adglei(8sAwp oif &° bnlmhmcehplaum t he surf ace
ar ,i s viewed

sha the substrate.and simla

o o048 et b Crpreegts P acHma e diggmm showing g0 types of
ma%ﬁé‘t‘ic feb@i‘%ﬁ’néﬁé‘@a’ résB@cthz%gJ RoRipehg bt A 622 I@21)Ssoft magnetic

media 1 n which the perio IS approxumtely .
layeisrfdg, ¢4bs Syientation control layers 66a, 66b; and magnetic recordmg layers 68a,
68b. In the figure, D is the average grain diameter of magnetic grains constituting the
magnetic recording layer, and 8 is the average interval between these magnetic grains.
The media shown in Figure 9A is media in which, when the surface shape of the
substrate and similar is viewed as a sinusoidal curve, the period A, is approximately
four times (D+35); the media shown in Figure 9B is media in which the period A 1s

approximately 0.18 times (D+3).
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[l [0046] When the period k, is considerably Iarge
relative to (D+S), as in the case of the nedia shown
in Figure 9A, the surface of the orientation contro

| ayer on which nmagnetic grains 68a constituting the
magnetic recording |ayer grow has a gentle Si nusoi da

or ol eBRE B0 e b Bty s el 1 P h e case

of thé rﬁéa?a. SRAIRISIRWR 0A fc3UBcOAY the t@)?1eﬁi%.‘ﬁbn'E%ﬁffol RYEASE which
i nclination angle (OSA) i ndi cat i ng the inclination

magmajicegraifis bBe conssisuting téleguagrm@ re¢ardingdugtgrow hae a gentle

h
sin b P Al B 4p 4GB oL Yodrahe etk Al Pha graw
sub%ﬁﬁ&%@ﬁ@rﬁéﬁdlb@lﬁﬂ?’ diHeficd mytBe nfddea hen EBigire 9NdtHetrobSmean
t hought that excellent S/ N characteristics are

squatet mchmilon[ emglwqesmmdtda@ng ¢h¢ mglixatiorsange of dv@rsabiityate surface
snal, | D+S), as in the. case

et medj a
is g o B AtstAncia B ot Aset rep it dherigriogt § SPRTSIORELes (A650)
of the8dt Aa @ﬁf@fa @Paﬂﬁ‘hﬁ%’neﬁ@ﬂ:@@fdng% %18@1{ A% 888 mall, and it is

constit |ng magneéti c recor ayer grow’'can
thooghktthht exvellenteyd¥ dedtactsristidsaire anmined. surface, and so

rlobe] IP‘&W‘%Q&%E%‘MM|C93sqﬁgﬁ§1ags$#1f3@?§2 o Dt i ghe case
of tgaﬂﬁcﬁ gﬁ%g‘l/ gl {53 ]?Etﬁ@ S ﬁg&a&fethb Bﬁkﬁllﬁﬁb? ‘EBRﬂBﬂlla?er on which

e i nclinati on angl e
magmxhsi gralne 68bcongtruting thelmalg;dremctrecdjeln@dap&rl gyowenn.ovésllde

resioey a8 AQHEEPRIA SYFEICCa R Ko LR DGF Hierfo gyl erains b8b grow
per?e'cﬁ? ¥ieYdie rig HRde id tHeSmbia léﬁmvn if !F‘?éur@ ’QBe{He%Bt §(e5'n

characteristi are attained. [0048] contrast wt
squhfﬁemellnamsangm&sAqhmducmltmgItbsmrta:hhamnamgle oftheli suﬁst?ate surface

and iD+6) is precisely mdway between those of th
is theugh te he owadtly 2erqyukea cauliibe @ﬂ@ltaﬂ@a Hispetsiamnnghes (2050) of the

sof\F fnggrﬁe%é:gﬁ%er aﬁ‘)@ Iﬁﬁlérfegl%?f:%rg r%ela?eg a?@ Ef% s‘iﬁm a?lld 1t 1s thought

gen e SI Aus
that:ebEdeﬂentGB}’d\I vRiraotegktidsl art Agamedf ace cannot be sai d t o

be horizontal. Therefore in this case the probability
t hal00Aglgnetoneragi with shese |casqa owhgn g rejasiopdigtivesnt rétﬁlpyn@d A and
t I hi
O+l Diss Bl TR Mk e e hoRAdn 46 33 d the

mellAGhbRA ihqi}%@égjfﬁ 11 sﬂr?'aece%‘f' tﬁ% SréRarked &ﬁﬁ?ol 1Ayr cannot be said
t hought to DPe considerably large. Hence the

to ctﬁsmébﬂ agemle sdmlsspaiaé corveamgd get (vaBDthe csflrfa¢ﬁecarmot be said to be

o B el A e BYRE b b e S 38 grow

perlﬁ_Ie l:l!llﬁer op/the 6Hlahafbe cbatrbClayér 18 fighahhdkmefbot k@A Skuare
nce the inventor studied conditions for realizing an

inchnatedn agle GsNq), ehdicatgtheshelmativhanglesof thpawhistriate surface, is
proceg) ures to tlsfy the condition that the ro

t
thoyghiefoee; GoBFiigEaD sbhr%ﬁ'n gleaice Rogfierptimdispersion, SiapsD) of the
sof?fﬁﬁgﬁé}{% lh§er5an‘arm5§n°t§rc rEMrﬁH%]a?er are also considerably large, and it is

thought that an excellent S/N characteristic is not attained.

[0049] Hence the inventor studied conditions for realizing an excellent S/N
characteristic, that is, specific procedures to satisfy the condition that the root mean
square inclination angle (0sAq) of the substrate main surface is 5° or less, through a

prescribed relation between the above-described period A, and (D+9). As a result, it
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prescribed relation between the above-descri bed peri od
2L, and (D+S). As a result, it 12 was found that if
the period?,, is approximately twice (D+6) or greater,
the root nmean square inclination angle (GsAq) is 5 or

| ess, the orientation dispersion angle (A050) of the

waS BTN UL, s S, il RIS, e

greMet, ktliiéi &4t hédrCiduatd iReliRdtioted i ghe! SBSB RPIR s, ABSrientation
met hod of neasurement of the S/N characteristic as

d1sp¢rel0h|angle (é@éﬂ))uzftthc)sofqualgnemqlabfeﬂﬁm siBelaovs, impreved, and
v araneters a n the above principle,
excteﬂ tcgJ/i\I ghacrﬁ%teﬁ%{qsl(’fagg 0 Eﬂ“g‘id ation of the orientation
6d VRO lof @aﬁﬁﬁlti%n(m%%ug%aﬁlﬁem Qﬁ‘ﬁi' thethodOFhtdifrement of
I ayer and the root nmean square’inclination angle
the(S28¥\qharaateristic las tlse finalhestalvodtionf quaastityr enent of the S/N

cha iistig which is the final eval uation . .
A DSBS e B ol paramr AP ORRRRH BF PaYRHBPgthat i,

e e SRR B o A B RSO RASH foncre
recofifing Rgecad ef thbtedtnacar square RASMTGIRALIE (BAqIBGIRL & a
recording media by X-ray diffraction is used to

megrIdcefi ragasurament of rleqﬁ/aN icharagresistie haeh isribe Enalgysiyation
quglﬂﬁ%rq}g?glghﬁle ecording layer. 1-6-2. Method of

the root nean square inclination angle
1-6t Ls¥Rthod SX0GRulktios bf ofiBRtatlonl digFerSion! dhglt @BBDF6f Maghetic
magnetic grains constituting the magnetic recording
recpeding layend t he average interval S between magnetic

i oD PGS RS R WBlRBAE STty d Briigu s

mehﬂﬁé@l}:nl&l@f magpefi¢ té@Bﬁdlﬁ% Aeidid bpX-fahaliffR@fieh i€used to calculate
recordi ng |l ayer to be observed are renoved fromthe

thermaipneation dispsssion agsleddd 20)stithe magnetiorasardiyg laper.

167 K0 of cLGHIRtGH of Bifsot Rasmisare BELRBiog anple (B5A0)
pr 0&0@92} st edrvera%egre{lﬂ yid ek ﬁﬂoqrﬁxgﬁetﬁ Sg?a&@g&?ﬁu@@ng the

bot es of a su ate. lonm use
magaetvecotdéng laber, and itrgaveayger inegrdaldy bﬁmeen mghetyegraﬁrsomne
one side of the nedia (the side used for magneti
mepghed 45iRg Ay tomacl %ﬁ iNicyoscopy) Htd@hesmgtiagh, as fﬁ@lamed
Ybstrate (the side not used for magnetic recording
ayer observation) is subjected to nechani cal
pol [®6B Y extapdrtaink etharehay thegnagxeeticubcdrdmg lagerl tayperobserved

rotec:lvela er l1C reg
el PO PR B SATSHIC PR InE NGAI8 GP I iy NATPially df apagnetic

recbﬂﬁng media, a soft magnetic layer, orientation control layer, magnetic recording

layer, protective layer, and lubricating layer are formed on both sides of a substrate.
Ion milling is used to remove the lubricating layer and protective layer from one side
of the media (the side used for magnetic recording layer observation). The other side of
the substrate (the side not used for magnetic recording layer observation) is subjected
to mechanical polishing, and after removing the lubricating layer, protective layer,
magnetic recording layer, orientation control layer, and soft magnetic layer, ion
milling of the remaining substrate surface is used to perform finishing. By this means,

a magnetic recording layer is exposed as a surface for observation.
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mlling of the remaining substrate surface is used to
performfinishing. By this neans, a nagnetic recording
| ayer is exposed as a surface for observation. 13

[ 0054] Next, the average grain dianmeter D of magnetic
grains constituting the magnetic recording |ayer, and

h ﬁg@&ﬂ MAG&, {Hat a%}’a?fe g@gﬂ%ﬁﬁﬁ@ﬂér B ¢ rﬂﬁ%lﬁ{g?xﬁﬁ%@%b‘ﬁﬁﬁuting the

using the results servations fro
magﬁitmeecbrduigdaym ard theoaveodgetiherval grivtveen grainsy aliengeasured
er exgose on one side of the_ nedia, using

USH%& JRsusiob Abersransromrithe B@@@@@wmwect{m@}le Hagnetic
rec&ldﬁ}gjlgj? Fexggk&f on BP{J%‘&Q ?ﬁ Iﬂge ﬂl'n%EimTfé; {Siélgg &Zﬁ%ﬁsloﬁréi‘?&ﬂo%”

eani n
micsescopy ¢I'EM)i ng, and/or isopropyl alcohol (I PA)

cle obtain a clean. surfacge 00 as
al r M?Msatﬁtpé@rf% gragngtic Feaking B{qdwfg%fmﬂen .lwaected to
ultrﬁ&ﬁﬁc ﬁﬂﬁféfﬁon ERGhin gaédr&? LcRISING, 4B isdphopy %lc%'ﬁgggr |

or l'ess, one Condition 1S to increase the
clea)mng,ctoa)ﬂ)mmmcmnesluyfatw ce (D+S) or greater. For this

oD g bat S beeh Bhed bR T arakd i Jven DR TP square

incﬁl?ﬁﬂ&ﬁﬂﬁ’é‘% Aﬁﬁ&f the Qﬁ&t?a(&beé ol 1@ 8he DY ATROA ¥o tolif€rease the

average dgr di anet er rmgnetl C gralns snown I n

perfddgurte a@pro&ﬂdatdlmmve (]agé) omgreatealF(ﬁ thistressen, itagwiedlithat the
rains, are of order several nm and so it i s
megx()éﬂ@?@m mepsite thelef(syxﬁ@rﬁuesfa%ff@@erhe@rmg@@ﬂwlﬂb spatiAl ng

esol uti on be used. Further, from
s i8h §er B30

gurerrents of the surface shape

obt[@0pEdNoABaldy, 1RE heada it diadletd?d af slaRHEHi@EAIns shown in
surface shape for whi cﬁé%lﬁe period a, is tw ce (D+6)

Figure Yraggithe average inierivabd berwsed ema@e® ggdnnare of arder several nm,

and e Brefe iR R AT @R RO ele SR Socp Pyt ofadF
spa€iiPles@ton bO®3&]. PG tIRAOkOAtheRisORE o PincARREMEN R G tkEsurface

substrate surface shape per pendi cul ar
shape gbtainaesk b @mmthﬁd\@ﬁﬁxﬁrfn@mafa suketragtaisnrfacershape fQifWhlh'b the
strate ornmed, . and transpm ssi.on Ie
peritc 5o ET RN et SR iR e ety B fgn T oufer
tranfSrn® B PYarddSEVErse FiriPLtriSEorrh @[FTEI%SH nRethdof using a cutoff
cross-sectional shape in two dinensions, and a cutoff
filtdrican dwe eseplowidyi | arly be used for the surf ace shape

ondPBEtichs o e P BE B R e rodar

perﬁé&ﬂiluﬂhf @6s@éechbﬁam@&nﬁingraﬁrlthaﬁfaiﬂ iled?cfe of B JibSigdeirRay be
recording nmedia obtained is perforned by a well-known

perfesmeddandrangnigsion glestrog/micedssppy (B2 M1 91scanning secondary
electron microscopy (SEM), can be used to measure the cross-sectional shape in two
dimensions, and a cutoff filter can similarly be used for the surface shape obtained.
1-6-3. Method of measurement of S/IN characteristics of magnetic recording media
[0059] Evaluation of the read signal quality of the magnetic recording media
obtained is performed by a well-known method for read signal S/N characteristic
measurement, after writing signals at an arbitrary recording density.
1-7. Method of calculation of relation between various parameters and S/N

characteristic
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measurenent, after witing signals at an arbitrary
recording density. 1-7. Method of cal cul ation of

rel ati on between various paraneters and S/'N
characteristic 14 [0060] Through the above neasurenent
met hod and cal cul ati on nethod, the relation between

andOPhy THBHER N ARl nule e FRRAGOA Snd FEEARIPA EALE the
relatid@rteteen the &/N cltard@ydstic afshevelagnatsc fderding baddiand the

_between the S/N characteristic of the magnetic
orignéatintadispersietiangle{ A0 Meofithe magpateresqding layee | as veell asrthe

o B A, RPAAR AR b ig AR 1% o

me&DafiAgé Rdinhticn fhgle (BAGRIREbbRIAQCOr di ng nedia and the
orientation dispersion angle (AOSOP of the magnetic
r eclOpal INgjrdt.abased ps thehabaweaesul (s othe2¢laNenr betvegenethp ISdiNned
above.. based on the fact that.c nent s. used..when
chafaglorbtic AT R mRens e dtne marin DEIRE SRR prBR citherion anele
(AOSDY 66 ntldneGOtdrbl fifg ldyer Isobtdiae@ht  that the root
mean square inclination angle (GsAgq) and the

or i [@A6ZtNext, ai epdaisédabewegbased (onxthe Gy ctitbatecompdneatsrused when

replean SO COLSSPORARNGE: inRCLEbAr S oL RKIS: I Qe, itis thoughe
thafiRIB6E Rleh® E&&r@fndiﬁﬁti&?gﬂﬁE i(@s_ArqS GRE HhSridmatien ﬁisE@n%fBﬁ angle
obtai ned and the orientation dispersion angle (A050)

(A0660) hive anfingrae fiurcctioacor@spundenye (Thereforéueddingmtd khensideration the
linear-function relatiqgn, betgeen the root nean square
relation) hefesroie 2 df eharpetgiiic ofifhe magnghs eeprding media already

oS5 o ok BB Y R RSHABER S e

as Welbks thediheagfidiction Relhiitvabétdeen aNgiodt (ieAGuhi inclination angle
obtai ned. 2. Substrate for perpendicul ar magnetic

(Osp@cnddtha grieaaiian spepseembangle CM A, theuglation bewesarthie BgN

nedi a,. as . wel | . et h of nufacture of these . .. .
chayopticR e meafi TEb Qe e TR b RemL R ipctination
angdl€@RA) RGbiB/UA of this invention based on the

principle explained above, as well as perpendi cul ar

2. Subgtratd for pegreaditivlay megetiarsicogling aiediaibsd petpendicula

expl ai ned,, The fol |l ow are rel xampl es, and
magadtiCRecorling Medidvias el g metheLel mnutaciE ofihestas

g]p D[[O@@B]' RER, Widshhfes f&x;t%{ﬁagﬁallaﬁﬁﬁgﬁetﬁf re€6 g MR dRV¥Rhis

_ ‘the pr actitl oner . ubstrate for perpendicular
invemtgprebdsed vadbe diingplestiptaif@DeiveFagwek ad pependicular magnetic

B BRREH SRR, S R B B el
exanPl&N bh@NVariStPmbAlcatidAs ©RB/deSi8R can be made as appropriate within
the normal scope of creative power of the practitioner. "
2-1. Substrate for perpendicular magnetic recording media

[0064] Figure 1 is a perspective view showing donut-shape substrate 10 for
perpendicular magnetic recording media of this invention. Substrate 10 comprises
main surface 12, and inner and outer circumferential surfaces 14 and 16 extending
along the inside and outside respectively of main surface 12. The glass substrate shape

can-have an outer diameter of 65 mm, an inner diameter of 20 mm, and a plate
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mai n surface 12, and inner and outer circunferentia
surfaces 14 and 16 extending along the inside and
out si de respectively of main surface 12, The gl ass
substrate shape can have an outer dianmeter of 65 nm
an inner dianeter of 20 mm and a plate 15 thickness
thu%xe& cﬁ%ﬁ%ﬂ%?}rﬁ 5. m&gﬂg%ée’)p 62 £ an gte?rm&é}gétht ﬁaﬂx‘?ﬁ &h igher
diaineterlofié 2 snrof afd 8 Ptewhitkineds bhe. 508 yma)(l 8 1ﬁdﬁ BipeNo

[im i.Qns. i.n artlcular are nt terial
ot T0DE S Na FioniGfoms v Bpthl are Brded wadetm Errbeb e 10 for
iulaPMagéiit ﬁéoﬁi'il‘?g H?éafar kMorgSsMRO RIS i€nonmagnetic.

gpem fical F?/)& for exanple, alumnosilicate glass, Soda
Spdclﬁcallg,l fas gxampktaa]arrunpnb@,te ghaas, eod@ limglass, soda aluminosilicate

siagy SRRNRARGBRI B PGP et e B im RS Biass, or

cry§allizb@ g}{h§§@an bl Id partieblar it is! ﬁieﬂéffﬂfl@ﬂﬁb hf ahft#phSus glass be
anor phous gl ass be wused in a glass substrate suitable

useflan a;géftsp SwlpitiaLg antahhigﬁt?épmeudmbrmgmtlg dislis tobe hsegHfor high-

denlsﬁg?%ct dﬁlg? 19{)% tﬂg ’stra]nggggnE ﬁtl‘g Olﬁg}? F’lg efs 0 tptﬁ gﬁerg%éeg En addition to

theBb ¢ rakdialgaWhitum, analamifihuliod] 4 estboA ntaeldNquartz, and
material, quartz, and_ other nonmagnetic materials can

ot E@Q@@@gnﬁmﬂa%ﬁh%n@ﬁ usethuf acture of substrates for
2P |

2 SRAEAALS Wpe TR AR o o ST i
mefliar per pendl cular magnetic recording nedia is

descri bed. 2-2-1. Specification of the shape of the

subldPpal Belowy ap gryenle of @ methed i apany aq{er@c;rfduhajr%ﬁoa
perp AR BRI hitin § BBl JPess ot cing
-Zﬂﬁtmdlﬁ@tlohy)f@hé thae cffrmmsﬁbs;ﬁra&e gbeperpendieniak Mignetic
nmet hod. Here, as the press nol ding nethod and the
recapdipganedia cut ting from plate glass, any wel | - known
t ec I .
CCb S SRR P RS REAP S prare.
obtgirn@d\b@dhd paI®AtbldihE makthgd véres] cutiddBdm plm@kds @rahother
si nmul t aneous circunferential machi ni na] of the i nner

ethode Heraras g pressmolding methed ang thamethod; of CUFHRE o plpte glass,
anf&@]&ﬁﬁswnq&g}tﬂ@lﬁ@ca Ofe ddager and outer diameter

ni ng ass material obtained by press

2-2n Tdinegand oﬁtemdi:ﬁneteﬂnnnhmmgte di nensi ons for | nner
and outer diapeter machining can be cal cul at ed

addi0NE8k 2 sepdineamaching apgd a gga%é*qd}émonecarm@m&ﬂgh%m §#400),
cap%?fggiﬁtﬁnﬁl?aﬁe%ﬁs OGN fAEA th & hidh@ BRIR fin& cifdinferential surface

and the outer circumferential surface, are used for inner and outer diameter machining

of the glass material obtained by press molding or similar. Appropriate dimensions for
inner and outer diameter machining can be calculated by adding removal amounts in
subsequent polishing and etching to the inner and outer diameters of the product.
2-2-3. Lapping

[0069] Lapping of the surface of the glass material subjected to the above inner
and outer diameter machining is performed, to obtain the flatness necessary for a
magnetic disk (for example, for a 2.5-inch substrate, 4 um or less). For example, in the

case of a 2.5-inch substrate for a product of plate thickness 0.635 mm +0.015 mm,
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2-2-3. Lapping [0069] Lapping of the surface of the

gl ass material subjected to the above inner and outer
di aneter machining is performed, to obtain the

fl atness necessary for a magnetic disk (for exanple,
for a 2.5- inch substrate, 4 mor less). For exanple,

PR CrtrdBAF ) QLA b B0 i

thigkaesas ntetd:rmmealﬂmtrhx isabpdeqligntGrobidhing ddomah amo@ntG 8nd is0th6
mm This | ate thlgynessms det erm,n

b
AmGUHAHERADY SISl FavoparhiaR AT O] fhratit fRauks) due to
lapiﬁg%‘ﬁi d?ﬁeﬁﬁ%sﬁidort hi 10 TPds %}&Eﬂébfétﬁﬁﬁth@&ﬁbﬁh{‘lge 085%50.1 mm
rasi ve marks) due to lapping and obtain a mrror
pth ghfaces. is preferable that this anount be 0.05 to

oot ol A lnelbiR RS Tor FARlE A Reping i RRRd ith a gt iron

plai¥ndt abed; 9s HESppAg abhBiveaPIREOY cABIRIEUE) abrhdil€ pPakticles or
carbide (SiC) abrasive particles or simlar can be

Slm;llgedanbe psedl. Ul trasonic imersion cleaning [0071]

an lass dust, abrasive particles, and
2- ZA%! Iﬁftf ﬁpp'algpf“@f%tg ML, cnpved by ul trasonic
““I;B)()ﬁ I PAfiet ﬁ?ﬁin@?an}klﬁ!isﬂﬁﬁﬂ | abrasiveRpagtioles, Ginfladaisigoh Particles
perfornmed in an ultrasonic |pp|ng vat with a cl eanser

aregemencd hn ultmsm@dmmerﬁlr)a@i@mxg UWirasarierimegesion cleanisg is
pe RN i PR TSR A e 6L SRl eavenes

of ﬁdjlﬁtsevaal fefis ofkilsheefz th Revdrgirabgihef@ichfbe sélectedslepb®ding on the
i mrersion liquid, an acid cleanser, neutral cleanser,

sizgyplidiei AP s nReremasied oihatis, thegizenfshe foggiga matter. And as the

S n
b e, 230 AL LR e S b
aqueoes tigogied effectivenalser ulttasamiceranatg wntér diffezen trvdeiticns can be

tr eam of rm to obtain a clea rface th
corﬁblaﬁi %ﬁeg\%&ﬂ ?@IWN}S 5@?&151%%@ a Wadgh e%ﬁna vat @% dried under a
7
strcﬁ‘&{ HPwﬁhﬁ%‘i}‘ &90&991 a’-hehﬁ‘ §ﬁ eg% With Elﬁﬁg%ﬁéﬂ%fﬂg?ﬁﬂ&l@s

| mrer si on cl eani ng tion
rensavedb- ¢l eani ng can be performsd to clean the surface

ing. After cleaning with a cleanser, rinsing
2- Zri %@P#GF GRNN8 sing tap water or industrial water
ﬁ@s&%ﬁrﬂ)g Bgesef’cﬁ)qretuli'trr%ﬂﬁ 1@1&1&1'510‘?1rc191n1n%4 or in addition to
tely . hen

app tmas necessary ,
thlacleamhg,vucngz -clbarong egn he perfivanedatiorclednetheisngacesioy sxafubbing. After

di s ement, and ot her Il -, known met hods. ({ ﬁ
clearap &ﬁ@lemﬁs@r,&ms&g‘méxﬁggﬁﬁ UsIpg tap.-water or industrial water

which has been passed through a filter of approximately 0.2 to 1.0 um as necessary.

for

Then, air-blowing, blowing with hot air, heating, solvent displacement, and other well-
known methods are used for drying, to obtain a clean surface.
2-2-6. Main surface treatment

[0073] Arbitrary selective treatment of the main surface is performed. For
example, a double side polisher onto which are affixed pads comprising a prescribed
material is used, and while dripping a slurry comprising a prescribed abrasive material
suspended in water, mirror-polishing of the main surface of the glass material is

performed.
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2-2-6. Main surface treatnent [0073] Arbitrary

sel ective treatnment of the main surface is perforned.

For exanple, a double side polisher onto which are

af fi xed pads conprising a prescribed material is

used, and while dripping a slurry conprising a

Pr efoB74 0Lt Rt a%k8Ed RRKEAIAY: is SIARENE RSk LrfaEE pad

mr or-po Ing o e main's ace of the g as?
compiigng edrilirs oxpmlfealsné,dfrom%h{a eandpoiss d)ﬂmtipfaemcy itaetining to a

t i f at t
Rat3ee phd high ToasipEGRPGE 2bnd Aasios P IRC & sietisahln that a

cerRim §§fd'e%%hféﬁﬁaﬂ§ﬁﬁmé‘xh§éa frBnPthe staqfdpéhﬁto? h?%?:dmgblﬁﬁmg speed
machi ni ng speed; as the abrasive material, |

anqoweﬂetcarmce to kntrodace senataes. @Odetlabteemipmmtmtcemp&te benoval of

mthe .St andpQi_.nt hrmc
maf iR e ol T Ot AR SRk Bl S PRt B0 den0d
am§ﬁﬁﬂﬂﬁﬁirf3r péilsl‘ilﬁg'lble(flt&n OQ]SQBQJ l(pfnm machi ni ng marks
(abrasi ve marks) from | apping, is preferable that

t helOPénioVext, weakahaling clmanm@rcomm%wwt@ %@amum andgien

ringi g R ek St s B Rl o PR aGe F P vway abrasive

mattrdl hhd &dnamtdaha@hal RegdracuREfrom Qedarfacd. 0 adequat ely
cl ean_away abrasive material and renoved material_ in

par 0020l Tyrtharonrppele §mefpa>é1éhel[\mfr ajformrurehane gad affixed and a

o PR A P S S P e

surﬂ&e.dﬁmm fhdwzindthntsiﬂch@ngiﬁg thesuifice rosghrescst thEcerumhe
angi ng the surface roughness of the

st andpoi nt _ of

poli an&ﬁggl gb‘ihig%f AgH Woxghness of Fee londad silica pehsuing fage, ithe

preﬁ%llglg 'tlﬁﬁ i fén'l Q{:Ho'uﬁp irpﬁleffﬁﬁ? P011§}11ﬁ% Blofb e E(?E 1081 mm.
e rermv anount I Na I'shin

0. OOI7t ek, %ik-ﬂihallb@ﬁ]ﬁhlnlge)ombmahimml diahsmmd and then

¢l eanin ned with_ ultrasou then. rinsin
ringipg it Qe R R PesioBmEa of afcfﬁédanﬂgﬁpavé?aseaﬁ%%ﬁwéﬁnd
f
dryHigE EORPrElrEb s AW nofihkl Athp F AT 1s3piy PHRGREREPAD
immnmdrpmd/ﬁbb vaporydrymg, areepqmﬁ]rfrmdnmobtam otlea substratedan

substrate for ndi Iar magnetic recordi ng nedi a.
perpe lcg@f%ﬁﬂ?t eﬁ?lpdﬁ% W&t recordi ng nedia [0078]

2-3PPeRfAdi &fl’iﬂha?&{b%b&rdlﬁ ¢ fediag medi a using the
above-described substrate is explained. [0079] Figure
2 i E)OaS]CP@ssmheldar onghetscieeopting medawshg therepoae-described
e structure of perpendi cul ar magnetic
SUbPéE%H a’ﬁ’ﬁ ia 40 using substrate 10 shown in

[0079] Figure 2 is a cross-sectional schematic view showing an example of the

structure of perpendicular magnetic recording media 40 using substrate 10 shown in
Figure 1. According to this figure, perpendicular magnetic recording media 40
comprises substrate 10; soft magnetic layer 22, formed on substrate 10; orientation
control layer 24, formed on soft magnetic layer 22; magnetic recording layer 26,
formed on orientation control layer 24; protective layer 28, formed on magnetic
récording layer 26; and lubricating layer 30, formed on protective layer 28.
2-3-1. Substrate

~ [0080] Substrate 10 may be any type of substrate obtained as described above.

For example, a glass substrate as described above, or a substrate comprising aluminum,
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Figure 1. According to this figure, perpendicul ar
magnetic recording nedia 40 conprises substrate 10;
soft magnetic layer 22, formed on substrate 10;
orientation control |ayer 24, forned on soft magnetic
| ayer 22; magnetic recording |layer 26, fornmed on
and%hﬁlﬁff @iﬁ PEuSRNTHR Il AN Rknéd of @ﬁ%t?a‘fé l(Y ﬁlalyadéqdjgﬁed according
formed on nagnetic recording |ayer 26;
to thekize @ﬁthﬁr@bm&t@r a BOckrfess metthe sangsr @B e@ﬂ |3vmm wyeefepadle.
Subst.rate [0080] Substrate 10 may be any type
2- 3@ iq}gg’tagﬁ?té flél ned as described above. For
exampk &) Sk AagAstiSbat zza{rs% 1@§erdﬂ§@ﬁ kbR liess sgfea@mg of the
substrate conprising al um num 8 and simlar can
mags@d: fluphgenkeidted ﬁhrrcthﬂtd@gdoimrmgbnﬁomaeon ovrittng, bed to secure an

t ed { { . th ubhst {
SR E R TRl e ps el dfoly fredlio, e BsrRs bRafordn
ma% &Iczlayé‘toﬂt aFRGIRYyl Be hByerCd AOSLITaMIdy, BRIRANOE ch@belised. For
21is | ayer which acts to suppress spreading of the

exarm@ﬁ,etm using GQZgEheEQiFéar fGom4rh®, he anogr amgrphous Co-Zr based

sl SR PR G kB CORErAnDF oo ity pROFMA B Cppased

alld”ylél&@tislfzﬁitoﬁfelédmfdmagﬁ&ﬂﬁ ﬁhh%dcﬁ)/geéhﬁé’cte@sti@ls cah b@kébtafﬁﬁed In
alloy, Co alloy, Ta alloy, or Zr alloy can be used

additien tceslﬁ:ﬁﬁaw@ F&;B basgdwjlaoe 2rdiFe Tas s anothes fetagrugsyre Fe based

I r CoFeNb,

all@&é%%@%ﬁﬂ%%r}égﬁgﬁog ﬁecghf;l\%%[rsf% ious Fe-Co based

al | P82kt doskrietaion ¢flthe stracragnstthe rrtargaascdhedm@sed when writing

characterlstlcs ca be obtalnﬁg E{% ition
as Welbapmaght: apfglrglada@ HeByifp it 1s Rredergbledha éiﬂfatthgkness of soft
f r
maghtdd el NERLE ke BNEE o300 B, 1Y ?%%@%‘f“*?ﬁﬁmcm“ 10
nmom@eatexr apieadingfoftnagnstic flok car befsupﬁressnﬁgﬁﬁdbg rhakddg the film

]‘\ﬁqen ertlng)i svvel as.manu ring

thlfgﬁ“ﬁéﬁj Wy less excellgp dredugiiviry cag etI ZFfH ' m t hi ckness

230;; éﬁ@ﬁtatfm% dl 1ay@¥er 22 be in the range 10 nmto
By

kl ng the filmthickness 10 nm or
g r eﬁ)IOGB], Osipnaadnrgnod] lapegnt isa 1hyenwitah streestopontios de:
t hi ckness_ .10 r

JAnd . b king the fil n ess
oridHIS PN et SHG ARG ) mAgReHE T OAiNg JeT 30gv Bieh 1 formed
thel%p%ﬁt be &&lﬁaet i @bdr %)ié’e’d d1RR3%] of X TeanEY, 'd%rinEt@ﬁth Qbmprising

layer 24 i's a layer which sefves to conttol
RupPt, &, &tu, on Agnaingreaisad dingpratierlar, ofhameaglages @mmngiaﬁl:pCr

base fioy S Fpgness NsPrding VS PoySHesyddin, ST L8ver 34 can
corBii¥f 4 €009 bafdds alfdy, TPQF a Al all6f, AREANhEE rr&h%ﬁ@tlc fé&ordmg layer

articular, when a |ayer conprising a CoCr
26 14 Bycked m@ebera@nmgmm a é:Orh?Geﬁ allepgandyjeer Pé, then orlentatlon

conttol E{]};C?'t24 can (e)%tlerl}(f)e!r of @fe[;d or s%% ar.

[0084] Further, when using an easily oxidized material in orientation control

layer 24, an arbitrary selective underlayer, not shown in Figure 2, can be formed

between orientation control layer 24 and magnetic recording layer 26. In this case, a
high vacuum state is maintained before forming the underlayer, so that adhesion of
oxygen to the substrate is prevented, and an unoxidized surface state is obtained for

orientation control layer 24.
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conprise a CoCr based alloy, Ti or a Ti alloy, or Ru.
When nmagnetic recording layer 26 is a stacked nenber
conprising a Co based alloy and Pt or Pd, then
orientation control |ayer 24 can be a |ayer of Pt,
Pd, or simlar. [0084] Further, when using an easily

oxi MiOBSPIt iPprefedrable thhtPhé BIth AikRikss ONbFiOhtatibAYEhtrday@ D4 be
arbitrary sel ective underlayer, not shown in Figure 2,

withgnthgeangs 2rath topk: mpewitbrthe fitratprepared approprinte)esuchghat

ulePiteRE Flached Rt PS40 sfSphPabiG g {FREeird ool fiersics

of mag@dticay@csmirfgqayéraﬂé adhetieafesiéd va¥YIBY inakingahe film thickness
substrate is prevented, and an unoxi di zed surface

2 ngt gt grepier,glegeadasigniob the erigrdpion pomasseHa srondinglayen2s is
8 s nref f i i ck
surfehOPRAALS ook LLSRAL0R00 8 1T bRl

oriétatién bontroliliyert2dcld ndtibeps wp @k eshsiaplyriamgel gitag Yiasmtérs in
that ultjmately the magnetic characteristics and
magneliq resprsinlayer 26 eanshrmiade swak s atresuls and degrgdation of the

oras ki ; t sired val ues.
el i PR bR EriSe e oo bR o
2-3d¢gUadeadlayee of the orientation of magnetic recording
| ayer 26 is suppressed. d by king the film )
thi logbas sviaicle P¥sgn %\gmaﬁy Bl gtitederiaver, not shown in

Fi%‘ihrré SN BB RON bh VrichBY®h RhtdP1ayef 208 cﬁ?ﬂ%?érsik yely
arge, ¢

rain dianeters in nmagnetic riecording ayer 26
nonmagieictayle vehreh camscadize eaptdved andn thtpnadahagnetioredonéing layer
| ectromagneti c transduci.ng. characteristi.cs can b
26 EpppdBEH PO S mAlJE EFAIB JIAE GO I HRICUS Bk ed laver 26
thr@i?gﬁ’ EnpRRNembRf &ff iR dws 8gi€ﬁltaﬁ8ﬁ_aﬂﬁ‘§ﬁ{a!11@i/ gfain Hﬁtrrllé%l‘?,"‘ihd Which

r
gure 2, can be formed on orientation control layer .
carRsuppTése thimoesukmpee of an mitial dayen gl magnetiayewordihg ¢dyec a6, which is

real i mpr oved. or.ientation of magnet.i c recordin
unfifiabf iR e Boets Gt P, g, fhaeraser can be
forHedMRIB IS drRiAgnet i ¢ recording |layer 26, through

i mprovenent of its own orientation and smaller grain

di ati®8e} Eurtherdinidehto sppress fipmaatont ¢fanocindial lasiee én ofagnetic

cecB BBl B TS RBRA S SERAEDY oI fas b Bmines
and as prf@ubletthaishe filf thiokedsk ay te witriager BT ARforf greMefoBy this
or simlar. [0087] Further, in order to suppress

mepps, gelagition ofArieRfatipapripiag diom satidaaiety arystalingy @f thy

[ f ] |t al tJ t stal linit.
onlf®H5 Sl b ot ek oS o
crystadpraiteinfrnagnetidiredonding 19fer Doatntierdesichievied, dndfortiation of an
. .greater. By this neans, deqgradation of orientation .
iniggliggpyih layeneldnagnatisdeenrdinglyyera20 Ganihesugprassrg. And, by holding

the film thickness of the underlayer to 20 nm or less, grain diameters in the underlayer
are kept from becoming huge, and large increases in grain diameters in magnetic
recording layer 26 can also be suppressed.
2-3-5. Magnetic recording layer

[0088] Magnetic recording layer 26 is the layer provided to record and
reproduce information. In order to use magnetic recording layer 26 as a portion of the
perpendicular magnetic recording media, the magnetization easy axis must be oriented

in the direction perpendicular to the substrate plane. Magnetic recording layer 26 can

20



under| ayer can be suppressed, concomtant excell ent
orientation and separation of crystal grains in
magneti c recording |ayer 26 can al so be achi eved, and
formation of an initial growh [ayer of nmagnetic
recordi ng |layer 26 can be suppressed. And, by hol di ng

be folBed flom 4 MaA&iA TS nirisidia sy é(ﬁl\ﬁﬁhlﬂg@@ OA § tRedll0ly@®Bitaining

grain dianmeters in the underlaye are kept from

CO,tﬂe@@*rHtlngqqlLﬁg]b)y, and alGo- @lé bpsegrad egan be uiedi Hughemhemagnetic
28
oIR8 A ma] S63' b Hs BOuR AR T ByBiy opbyprs.formes

by d’t@@dﬂ@é a Corxasarsed mmo9 8y €b-QCbbased uliey lag¥einds ®¢) B®or itilar layer.
ord and reproduce information. |n order to

madﬂ@%g?] dt }Sélf@ﬂebﬁb}ﬁgthaagl&q ﬁlzstlg@rgssb@frmagmt@freeq@;fg layer 26 be 8
nmRE 26 HRY B;“ée?tﬁngﬁlgrmfcﬁ(ﬁegs% %rrﬂﬁ 39 h g_f %e&H?ﬁtlo{l of thermal
1'Z as t

magne t1on y axl's nmus
stalﬂhﬂy&xahlhersupprep@ﬂdBy wktdimgtthe tHiekrfwb&i Z(hﬁm qcrl lessethe head

Magn recor di,n Iay r 26 can 20 b d froma
maﬁﬁ elff catpbgyyade lelahq: eR1rE ARASNCHE r&el sfagtory write

Chag‘{ UE ﬂ)é‘bﬁ‘tgl a Co-Pt based alloy, and a Co-Cr
oy, can e used Further, magnetic recording

2- 3l(ﬂ3Rmte2:ﬁvedayebe a stacked nenber conpri Si ng a
pI ity of la forped by stackin - based
al | 6&3 Prfsctiye heess 19 fgyéﬁgemhsp pose@f Breventig
consdsiB S mh NG red FBZNaydr 265%191 nﬁff: Ig‘%ia‘xﬁ%’e tb%rénn'et 4

ness” of magnetic Tecor
rec@ﬂmgﬂayﬁyZészetthe fignet dfecomkrot I@ﬁﬁﬁsmedm Svitinthermagrghiethead.

Mafgg RS Riches Rorbiift s s s B e b RRBERS Sibs or 210,
can"&%ﬁ%lb?ed infthe pratectiR 1apaed. O i $RGBrabRah8NHe tRickness of

magnetic film "and satiSfactory wite characteristics
promnvbbiycbz&bﬁwthlmﬂ@r@ng@pﬁﬁlmthlvleldss;y ased 909@jmal

pe e R mh N o L PV P

232;6 muﬁﬁﬁgeﬂ;ﬁng damage to magnetic recording |ayer
26 at the time of contact of the nedia with the

mag[ﬁ@? 1d uheiwdting Mylee BV af & layhr foinmed domibie parpase 9 eeturing
lubRy aﬁlrﬁe&lgmﬂt%&@ S %ﬁé § on‘pés ?‘F?fgaﬁlc%ﬁﬁ% gu%ngﬁlgg%ayer 30 can

emgbsvfrﬁattehm@ nbhahlly ﬁﬁadt L 1ﬁisﬁ@ﬁﬁs Qfich BY péralabio/pollyemer, akbhol
hin the range of fi I'm t hi cknesses used in nor nal

flugsidepeans @mb@rylm@m@ndes ﬂ&@dhmkngssﬁ dubgicatins fayes 39 cmbe
w1tf11?1 tlr’le ?@ge%)sf%%l%l tg)i/tzé?e#sgéaﬁé gqu 1 ﬁl%%l?%%csﬁggo ugéfneﬁga such as
a ranlgbﬂomt)lmgnwarrﬁﬁt eristics bet ween magneti c head and
nmedi a. Lubricating |ayer 30 can

2-4. Method of manufacture of perpendicular magnetic recordmg media

[0092] Below an example of a method of manufacture of perpendlcular
magnetic recording media of this invention is explained. The following example
conforms to the example shown in Figure 2, and is an example which comprises a
protective layer and lubricating layer, which are arbitrary selective elements of this
invention, but does not comprise an underlayer.
2-4-1. Cleaning of glass substrate 10

[0093] Glass substrate 10 is cleaned. In addition to prescribed reagents which

are highly effective in removing natural oxide films, such as acids or solution cleaning
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enpl oy materials normally used as |ubricants, such as
perfluoro pol yether, alcohol fluorides, and
carboxyl ate fluorides. The thickness of |ubricating

| ayer 30 can be wthin the range of filmthicknesses
used in normal magnetic recording nedia, such as a

.range. from0.5 nmto_ 2 nm, 2-4. thod o nuf act ure
usipg Affalipé Sickiaping GRR sraplod sy &%’%@H}@é&?élog?@e@g]vaﬂous
pla%hé’& ﬁ‘)?)s.elifxaﬁﬁ?{i@lllglf, RN B Qsh doiREITH; Hé‘sriéi% ﬁ{rrslensional

per pendi cul ar nmagnetic recordi ng nedia of
precisioam treatmdrs of xpistei ligpald gdtrezated ftopmiaagerts arspd,cautomation of

f .ta the. h in Fi. d i
e Bkcr P loh s iATELE BAPHNe Debrfnieafoq Batd ™"
2-4L2 §edtidifof sof€maghbticlayef 2 arbitrary sel ective
el ements of this I nvention, but does not conprise an

und0P4)y Ehe cleadediglassisubstiratg 10fis plaeskinsudmitiesing deice. A
0093], d ass substrate 10 is cl.eaned.. In addition to
PresH e PR a0 B SRR B R GI Yeheah Ao s Stering
mefRIRVFE Hfeddbplé athe TXT deaghklrBB sptedthgdfe@odanYe used. Here, it is
solution cleaning 21 using alkalis, this cleaning can
prefiralele dlgsithy adngsphiereinithe sprsichinggieviverbg anzargomw gtmosphere, that

erefbe R URSu Rl B RercPRE toph e Bhw sk ROk ao b PRI Pishin the

devitd) Whal thefilhAeposifioRte BAARDNS nasadcollaadRhAOfhe Alistance

cleaning, and simlar, it is _preferable that a dry
betwieemn fa1aef ansk woHstrae badioan 520 A5 mMmEor neiti on of soft

etic. . [.009 T ned gl ass substrate

2'42%%%}1% 5‘%:112%?%;%3%%1%&‘:? 1é‘r:rloﬂ gayg%eg?c e. A prescribed

t ar EY5] Srieftioh@ohabNagef 24 RHGedd 6n befy lagdeti®layent?2 by one

of variqus sputtering nmet hods. For exanBIe, the DC
of grudfirty 06 prufriinanethgdnisinga reesribed tasgat. ppexample, the DC

| .

mafly 4 Sflfechnhef ofh BESRAETSerk o LHE RRAMS Bl Bt atmosphere n
thewpttteting bevidebe ae atppnQitrhobphele, Thiathe tphessureow kit thadebige be

perfornmed within the device, that the film deposition,
.72 dhat Roshepdingeheioned sithin g device, f1a3 e Bln deposition

ratg_ﬁ%?gs 'TIQ_tn?ﬁ)ga@Eo ,q]pﬁ WA thalRdHee beQRen tﬁﬂ%eil §nﬁ'gﬁ4bstrate be from

ormation of orientation control |ayer
St 099Th. Orientation control layer 24 is fornmed on soft

etic . layer 22 by one, of a yariety of sputtering
2-4rchrmatinn %?%%Wpﬁbagia&’re@éé. For exanple, the DC
rrag ) .
or ] GPBERLERAph! Rich R TR BE R SI0mRe Ui e obiidtioh bohfol layer
24 tipone of beadeatyarfgputtaingmptieds usingat preseeibpd eagat. &'or example,

the ol P RAFOR PHHAT PR B a5 b s B 15 Fr bl WP

atmosphere in the sputtering device be an argon atmosphere, that the pressure within

the device be 0.7 to 4 Pa, that no heating be performed within the device, that the film
deposition rate be 2 to 10 nm/second, and that the distance between target and
substrate be from 5 to 15 mm.
2-4-6. Formation of protective layer 28

[0097] The stacked member comprising glass substrate 10 on which are formed
in order soft magnetic layer 22, orientation control layer 24, and magnetic recording
layer 26 is transferred from the sputtering device to a vacuum device, and the CVD

method can be used to form protective layer 28 on magnetic recording layer 26. Other
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rate be 2 to 10 nnfsecond, and that the distance

bet ween target and substrate be from 5 to 15 mm
2-4-5. Formation of magnetic recording |ayer 26 [0096]
Magnetic recording layer 26 is formed on the
orientation control layer 24 by one of a variety of
sputteri ng nmet hods using a prescribed target. For

methpdniyhich canke ysed te fpisr p@ﬁe@w@tlwr |2§gnﬁﬂf1%ap%ta¢rlrtgemethod
usi e?garbgff&frgetj angjﬁn%rﬁ)gi %&h&&a&}veﬁ RowR HHRRRRE Hfesk [ﬁhethods
u evi ce be an argon at nosphere, that e
canm’eeﬁisptefel 1] p;hntmulalr heheleusing tlthUD? mechod (Fiahetldilabeztm method,
heatl ]gfﬁperéeorrred within the device, that the film
prOFféBB% e #8102 to 10 nnfsecond, and that the

2. i;togﬂﬁ W substrate be from5 to 15
248, Zmlﬂ or mat 1 on gg?S'prot ective |ayer 28 [0097] The
st q0828] Firathe the siaglddshembet aus svhictbprotatiee 14/e0 8 Mas béen

f or ned rder soft magne
forGed I 7RRIV 6 FOBh IeACH APeviE, 1508 SiRRTHEmethod isgrsad fyform

{
ook £ 4 FORLEGE M RO bRt
recérding medipefithis égnteayion. 28 on magnetic recordi ng | ayer

thods which can be used to form
2 4%‘&‘)@&31%\93 Q%ZAXFEE 12@6#85&?%@6Y§1put t gri ng nmethod using
g 099N &ipished ﬂB@lvea An 'u%ﬁeﬂﬁy?éin Rt shedn et ibarte0Win be
es of these nethods can be adopted. In particular,
formh@ pnmnengttlonecomrll layeh2d Herer when an abamaticreethpadynd is used in
ctlv 80 For nat j on. of
eRiiiie Fis mHFeI a7 8 d8nnflar Apos s SlcdbRich does not

desff@?’ﬂ% melechhir §Ruluft @fetdofBe lea)2byed® has been formed
is renpved fromthe vacuum device, and a di pping

et [A@0]i As Useyaperation gepoitien @mtlncwb vagipus siBotesing methods may

be %gél %(? (k{vf%lﬂgaé/ . (ﬁe%a %(?Igg}l?r'lagﬂ %Pﬁéél t%?%r' v lﬁs%lg a1 prescribed
tarde@Foataxamptd, ted er rdagisl@tf@n {puneeingarehpd kOO B8 s When using a

expl ai ned above, an underl ayer, not shown in Figure 2,

SpUgtgrHng éneﬂm el Pipfeiablectha bithie imosphare In thwepttzmng feyige be an

r
argéﬁ‘{? ﬁ{}n r e ér tﬁe ?%%gﬁm@&%é%?a léenbe egg%:i ‘i{’;ah }?rd}fe?l h h& ating
be pdirf(ﬁhledo;elshlﬁ Qhe dekﬁsd rtl@ayt thh ﬁlmmiepﬁsihan rait by QL torl® nm/second,
thereof be enp [O t he evaporation

@aetdlﬁﬁn%ehween Kﬂasqt@ué Sgbﬂfftt@lo? Heheihdd®May be
enployed to forman underlayer on orientation contro
| ayer 24 using a prescribed

Embodiments

[00101] Below, embodiments of the invention are explained in greater detail, to
demonstrate the advantageous results of the invention.
Formation of 14 substrates for perpendicular magnetic recording media
Cutting, inner and outer diameter machining, and lapping of glass material

[00102] Each of 14 glass discs cut from plate glass was subjected to inner and
outer diameter machining using a grinding machine and a grooved diamond grinding
wheel (#400) capable of simultaneous circumferential machining of the inner
circumferential surface and the outer circumferential surface; the plate thickness was 1
mm, and lapping was performed to reduce the thickness to 0.53 mm. Lapping was

performed using a lapping machine with a cast-iron platen, employing abrasive liquid
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target. For exanple, the DC nmagnetron sputtering

nmet hod can be used. When using a sputtering nethod,

it is preferable that the atnosphere in the sputtering
devi ce be an argon atnosphere, that the pressure
within the device be 2.5 to 12 Pa, that no heating be

erf ormed i thi he device t the filmdeposition
confaipipary 5op 6t S0 SAh Dt b (SN ST @t AireachqagE préssure of
100?1’&’1’%? THepd 9@ RAFINGURAIIrFng WAGe EHH}rﬁed,Q%) %t@thagi'inm substrates.

nbodi nents [00101] Bel ow, "enbodi nents o
Maij [ texpl ai ned in greater detail, to

a a

de e .the advantageous results of the invention.

For T AN G 5 B STHATa D aft Bt SHEEAr Y TR Riseeg to firs

pollsRERNHird}a RGN owedd b sidk PBREheR (SpRdEem 9B aBBbIR side polisher).
mach inin ,and | apping of glass material [00102] Each

At tiis timegthgpolighisgslahtwasradioapl urethage potishiag padbihe sty

[ d . . di hi ni [ .
contntdi iy Fhsenioral varc SRS S SAbHdng Fiarfities pusue was
100(gHA8R). TaRPHHe cRANSBISNIA S RIRPRR d Clof SHHATha&bL P tes subglected to a

machining of the inner circunferential surface an
first padisbutger circunferential surface; the plate thickness

d i f t th
¢ ORHel P, R YutRi R o el ottt Bblef o the i
pollsAiH WereTREhbdlgected b Asedhll polisHing| it a welllinewn\@uble side
abrasive liquid 23 containi ng) 10 wt % ot #1500 silicon
T

polishen(SpeeqE3ing PBadsrubly side palishar)ndd ishin iy, gheplishingloth was a

100 gf /cnR,. Thereafter. cl eani n [$Y] \\er e. .
foafifefidn poris i ngisrd T niRRPReEdS i Rudfiifica of partici
diatreeat80aith, {0HE Fhadieiihg prdveuidtias H0rdfAeas. Dhereafdt (Waning and

t he substrates were subjected to first polishing

drying wefeepermednievibtaisdd donsit-geageamerpbpus glasewmbarnes of outer
_ i d i . . Cohi

AR e SIRARE) b ) SR TR, e

substates hreadfetfzdwb %s Sabsteated 1 prabtigicll4. di ameter 1.5 m and

t_he machi ni ng pressure was 1OOIgf/cmZ., Ter eafter .

Cectod tp a first polishing. [00104] Further, the
(suwég%g u% Aes of each of the substrates subjected to
t he[0Dil @S tFinjshipodibhing wesrperfoliaad Sotyie susdates (Suiseracssd through
| i shing, in wel | - known doubl e side .polisher
6 G@Eﬁ%@a gtiroA R iof hestgee Eéwvéﬁéqts%- Figish g ilhipgayas pggformed
. e Lishi .
o LS B Bl P S50 ARERO R8116y dng presre

of Wargfi ah andivette therpagticla diameter andcoraehiration opthesolloalal silica

usedn t}}eogur% /vgggd. lg]eesru%%fcg %ug‘ﬁn%?snglfag w%g Orlneasured by atomic force

microscopy (AFM), with 2x2 pum pixels arranged in a region of 512 vertical and 512
horizontal pixels. Table 1 shows the relation between the finish-polishing slurry
conditions (slurry concentration and colloidal silica particle diameter) used for

substrate group A, and the surface roughnesses (Ra) obtained for Substrates 1 through
6.
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drying were perforned, to obtain 14 donut-shape

anor phous gl ass substrates, of outer dianeter 48 mm

i nner dianeter 12 nm and plate thickness 0.5 mm

Bel ow, these substrates are referred to as Substrates

1 through 14. Finish-polishing of six substrates for

er pendi cul ar magnetic recording nedia (substrate
Ta&e p A) [00105] Finish-polishing was perforned for

Si X substrates (SubsTERLAScohce 6 (substrate
group A)) out of the| above 14 substrates.

Fi ni sh-pol i shing was| pemitdr med using al 7ed¥h uret hane

nr\J_;L chi na-nad ac the nolichina el ot h a nmmeohi Nt Ny

[
oV | Ao 1 orrt L9 TTeA

hi-ng o n oth—with hi-pi-Ag
Cog?’é@gure ' §inmg gf / sebstf L {4 nihe pa$‘ﬁ?sglaf=?4?b'2inm

i T R S R A B R

dianssemeasur 430 tyi at o Substrate3: 0152 has coplySbakie 6:W.60nm

2v2 m nixkbls arr anage in a9 region-of 51 vertical and
LX—mM-pxel-s—arrangeae1+naregi-on-ol—ox=veri-cal—ana

512 horizontal pixels. Table 1 shows the relation

Et@ﬁ%?@&gﬁt@ﬁb&i#&?ﬁi ggx_lp:.eﬁgicﬂ%r §llll z%{e?m r&@?@iingin‘fékﬁa éslubstrate

grodipdByet er) used for substrate group A and the surface
o PR GT eruarpye T At b 6Spbgatieos hraug L4 (dbstrate group
1 ) ¢ . - a S . -
B))ggt SLeed [ S g MR nER Byt hPUtRUDIL pues Shigt:,
SulButasdsr 7atheough Bt @8rerail intnersed éor Usinutaiitshpdtoflabec arid solutions
.52 nm Substrate 6. 0.60 nm Etching of eight .
of &gt GPRRERTTAHORY Aiss dNERATSPT AIRSIEE s tHy nrefgrged using
deibR1HRE H A TaBle 24hoRs thORIAGIn bdtwlebe tROQ¥RInk%onditions

substrates, 8 (Substrates 7 through 14 (substrate

(hyglroflyporid3icjd emreentratpwcansicthe sudaehionghnesees (Rew) obtaginadgfor

dr ofJ uori id. Specifically, Substrates 7 through

Su@%ra\;@r etlfléﬁ“llg(i\ ﬁ‘ﬁersed for | nminute in hydrofluoric acid
solutions of different concentrations. After

i mrersion, rinsing was i nmmedi ately perfornmed using
Talilsiloni zed water. Table 2 shows the relation between

i

R A T N N I IR I
SRS ooy el CrEEen B e SeE
SubRiage ned Tor Substgpjes 7 through 14. Tipphe 2
Substrate 8 0.1 0.29
Substrate 9 1 0.41
Substrate 10 2 0.52
Substrate 11 5 0.70
Substrate 12 10 0.98 -
Substrate 13 15 1.34
Substrate 14 20 1.56

Scrub-cleaning ultrasonic cleaning isopropyl alcohol (IPA) cleaning
[00107] Substrates 1 through 14 (substrate groups A and B) subjected to finish

polishing or etching in this way were subjected to scrub-cleaning, ultrasonic cleaning,
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Substrate nunmber Concentration (vol% Ra (nm
Substrate 7 0.01 0.20 Substrate 8 0.1 0.29 Substrate
9 10.41 Substrate 10 2 0.52 Substrate 11 5 0.70
Substrate 12 10 0.98 Substrate 13 15 1.34 Substrate
14 20 1.56 Scrub-cleaning ultrasonic cleani ng

and Fiighl oche 020 e . 680n iy op et oSt 1

thrdudh &) polishing or etching in this way were
su Jected to scrub-cl eaning, ultrasonic cleanlng, 25
0 ‘i (S D 1450) dl HA) agna ".i TE l!l\) _‘_t‘ DEQIA I

‘F’Si@@?ﬁ)@ﬁ%?mi%sr | S5ueh i (SiBEn aésﬁﬁg&Ama&@@&amed in his
waj Qg eichoglaRdiia a[s@gﬂt@ﬁﬂég SeRASd. @ Bschlsubbiir e Gherd Aeposited, in
(substrate groups A B) obtained in thlfé}Zg@ ﬁ wer e

orden@hl q9| 6310} @mqrph@ummﬁtt megmertg lalysan comprsmgGe ; Aallenm
nm a

orlf}ﬁ%thcg} ?e(ggn(%{oel‘ er gglﬁlgﬂsgg u; éol %1?1 Ig%ne 1gr E ﬁ}ﬂgslayer comprising

CoanTenRt-89i0, £06Y; @l al Ry progdrrike flyefcdMprising 2afdh. In each case
magnetic recording | ayer conprising

spugtering depasgmn was perfened in andr gasatmasphere as fipressprgyaf5 mTorr
[ r case sputtering deposition
by ﬁV\}gs@% Iﬁ#%x%tr%g pﬁﬁerlﬁ%{n%

gas at nosphere at a pressure of

5 nfilo109] Therédfer,Dbe stghed memiepiirbrtheg lulﬁmfak@tdx the protective
[00109] Thereafter, the stacked nenbers fromth

layer wererameved ropeths sppeting deviee pad agipping é%b@@ was yed to

forin 2 RRUQUGH JHCIRY o Br o R NRL R} Qllor i IR MRl B, o
obtpml Metyipes ofanagireicpecdrditg mediadedia 1 dchrooph dd) 1A 4hd ﬁoﬂiewmg

f. n t di di Med th
desgﬂ%g(?lgltﬁ%%ﬁ% ﬁ’ré gz '691?15558'3 su %ﬁ@téitﬂ%%ni% %lbstrgte group A may
[ t
be CARRIHEAGYAUPE, A % SoPo OGRS bR e dbReifs o
substmtprg'relilmg msagbbe caltedsmedh@gnoimB. t o substrate group B

cal l ed dl a oup B. Cal culation of data used
Caﬂﬁi/qg ?fg‘kar%l‘% %ﬁ“g“%urface roughness (Ra)
Substrate surface roughness (Ra)
[00110] Substrate surface roughnesses (Ra) for Media 1 through 14 (media
groups A and B) were measured and determined as described above.
Orientation dispersion angle (A850)

[00111] The orientation dispersion angles (A650) of the magnetic recording

layers of Media 1 through 14 (media groups A and B) were determined from the half-
maximum peaks of rocking curves for the Co (002) peak obtained. by X-ray diffraction.
Root mean square inclination angle (8sAq)

[00112] First, ion milling 1s performed to remove the lubricating layer and
protective layer from one surface of each of the Media 1 through 14 (media groups A
and B). Next, mechanical polishing of the other surface is performed, and after
removing the lubricating layer, protective layer, magnetic recording layer, orientation
control layer, and soft magnetic layer, ion milling is performed to finish the remaining

substrate surface.
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[00110] Substrate surface roughnesses (Ra) for Media 1
through 14 (nmedia groups A and B) were neasured and
determ ned as descri bed above. Orientation dispersion
angl e (A050) [00111] The orientation dispersion angles
(A050) of the magnetic recording |ayers of l\/bdi a 1

O e P e iRy o s poreran s sidine o one

surfa@@ %) oReAK I IR 'tﬂkeﬁergé’ncffcﬁlﬁb’ digéétfoh%i ﬁ)ﬂomlBP&Ee HHéfdscopy

square inclination angle (0sAQ) First, 1on

(AFM) ko dgtenmrxeethé ooatenednoinciematiom (lshq) [mm bbatinetinl Aysyic force
and R&"ﬁ/&tlve | ayer from one Sl%rfa e. of each of th(f

MIQURIFORY |( b@@ﬁ”ﬂ@o’(‘%‘&l%’ AL in B’jma'i’\ié%t equa

intdFF &l %ﬁ'tﬁ@beﬁ% ﬁ?hf‘ﬂlrﬁf‘ceb@ﬁlé)st@ uﬁr&f‘ﬁl% Hedght i formatlon at
pertormed, ter renoving t lu rlcatl% 11

coopdiah es (i, & dlayﬂbed @ g). IWhéledaEdnﬁgng theabpt mean square (sAq)
orientation control layer, and soft pagnetic |aye

fromghisiata.i thg abeveraquatiphed) eBd (Drhesameriae Célf?awﬁgﬁguatwns (3) and

()substrate surface. 26 [00113] Then, the magnetic
rTecording | ayer exposed on the side of the one

Equatidra®e i s observed fromthe perpendicul ar direction
using atomc force m croscopy (AF to determ ne the

root x‘lﬂ(/,lﬂ)lelzﬁlna,tjb (r(ssAq} z(/ Datip) tai ned in atomc
for 8 Cr oseopy ( obsgr vati \a}é col |l ections
of he|g information at equal inter s on the

measur ement surface of the substrate,*and the height
information at coordinates (i,j) is described by
Eqition 4. Wen determining the root nean square (sAq)

fromthis ; tions (1) and (2) becone

the él ovi ng eduat i onﬁﬁ) and (4). Equation 3
(Mz’l / f? JI P, , A Ay (3)

Equatlon 1 N *?15 1 (M@ (N -1) i=21=2 (4)

[00114] Here, the Ax and Ay in the above equation (3)
are data intervals in the x direction and in the y

di r ROl 1 AHerEh@RARABNY HBR DoV EuARI B ARAIAY itefvals in the

X dlrrchtllo%nand in the y direction. These measurements were performed over a region
in which 2x2 um pixels were arranged with 512 pixels vertically and 512 pixels
horizontally, so that the above intervals are both approximately 3.9 nm. Further, in
equation (4), M and N are the number of data points in the x direction and in the y
direction, and as stated above, these measurements were performed for 512 data points
in both the x and in the y directions.

[00115] Next, the inverse tangent of equation (4), that is, (Fan’l(sAq)), was
calculated to obtain the root means square inverse angle (0sAq).
S/N characteristics

[00116] After writing signals at 300 kFCI to Media 1 through 14 (media groups
A and B), the S/N characteristic for read signal was evaluated. The S/N characteristic
1s, from the definition of S/N, the common logarithm of the ratio of the signal output
intensity to noise, multiplied by 20.

Quantities for evaluation

Relation between orientation dispersion angle (A850) and surface roughness (Ra)
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in which 2x2 .irn pixels were arranged with 512 pixels
vertically and 512 pixels horizontally, so that the
above intervals are both approximtely 3.9 nm
Further, in equation (4), Mand N are the nunber of
data points in the x direction and in the y

dir i . and .as stated above, these neasurenents .

ver DO LT Higted if g Sramoshpynng fas riation belHach e widatation
e ) y :
s 5o A0 T80 e By od SR GreRa
rougbnesb(Ra)) fdrmedia@groumsah and uaceording ts thigfighre, (it trends

S/IN characteristics [00116] After witing signals at .
are §geROr ?\?%dewé&flaouﬁhtﬁq&%iﬁg% BHOP( &Pg?p@}sgwp%l%smatsh r which
- ) r
finig}) ppf Mg i RARGFR € hd Kol 1 8RO, O Bnckitproup B),
congifisimg $ubstrah s@jpited heetchmgareatmgat. it lothepfwarls it mtseen that

ol R TR el 158 BB B
betREéif a&rie‘ﬁ?atﬂ%rxsdlgﬁe?fﬁﬁ aft '(89§@%@ th@RErfEY fodhiness (Ra).
Ra "’ ng

roughness 0011 Figure 3 1s a graph sho
Relatien betwadeh @micheaitivaatisgeidon ahglet(a65@randdospaksn equanagl e
~ (A050) of the magnetic recording |layer and the
inckngtianr (888 surface roughness (Ra), for media groups A

and ordi to.this . figure, . different trends..a .

o WEN AR B Fodmp bty Be & ifMedia 1
hré@PI4 Ghétbla gEtafis 2088 B) Wertbbsdived byat®inip @hrice i @%@ AFM).
' rperfor;&rhweéélu,la_and for I\/Eéﬁ)ag thrq\l’ﬁgh ,}n14 (r%gdi a grlgﬁ); ) ),( )
The skt was subiscisd e aued fdigsjpseqesting ysiag @aHpagsstandiliarayith the

| th ds,, it ..S. that th i )
cutgft sraveiengitvaiies; b dbidin hefopane e iisTipdion angle #sA9)-
Théd) SoCQIChVIr dhd Qltoff Q@Jv‘éﬁ:ﬁ@tﬂshﬁleq{%@tﬁﬁré& vehe fé&é‘e@ﬁéiéﬁt‘lff

angl e (A050) and the surface roughness (Ra). Relation

detprminaden)or hemthgtrelatiodibs pregesi tha reefgneansAq8aie inglinatioatangle

s R P iRl SRiurthRa Ao O A wamediorBuaipegyer was
apﬂraximwb% a 1inBa oA ubiB dhEled§t A4 REre ntdtHo Blva¥@ERrmined.
observed by atomc force mcroscopy (AFM The result

was[09U b dtigene 4 is acgrapt shawingehe prlatewsistwgen giai-squared value

ussi filter, with the cutoff velength variged, to
and REERIAT wav b i ok el €0 Rand i Kesiraing s Td ity hen
the CARIH who¢le®RR s SfprbRignfbllyafof nieite! Fresgidied valne is a maximum,
R-squared val ue (coefficient of determ nation) when

and thes seeh shdtdhe perrelaaon befavecn she rand mecanpqunte inalinad tivat dnagte

s o6 Bo e AT RSH hEBRTASD, S P REAOR Ak fng layer i

best.

[00120] Further, the magnetic recording layer exposed on one side of each of
the media as described above was observed by transmission electron microscopy
(TEM), and the average grain diameter D of magnetic grains constituting the magnetic
recording layer, as well as the average interval d between the grains, were measured.
As a result, the average grain diameter D was 8.0 nm, and the average interval
between grains o was 1.5 nm. Hence the value of the root mean square inclination
angle (8sAq) when the cutoff wavelength was approximately 40 nm was a length equal

to approximately four times the sum (D+90) of the average grain diameter D of
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approxi mated by a linear function using the

| east -squares net hod was determ ned. [00119] Figure 4
is a graph showing the relation between the R-squared
value and the cutoff wavel ength for nedia groups A
and B. According to the figure, when the cutoff

wavel ength is appr oximately 40 nm the R-squared val ue
maggetyc gralns i the axerage ntgrva @%grafrﬁ;é cdeneq igtiagdound that

whgrg %t Me%n sﬁﬁ%reqﬁaglaﬁgﬂ%r n‘BHSH‘Et%HB%ﬁ%@ o XX h%re%}llts of

orien i‘on ers

atoﬂﬁg ﬁﬁké FiRSEI @Q?Méiytﬁé ab&ve ﬁb@ﬁid A [rQQs]E %@]suﬁjé&t‘eﬁ% 4(D+8)
he magnetic recording | ayer exposed on one sid

cuteﬁdﬂteoprowmgmdl a as described above was observed by

av e@g%ﬁgﬁ:lg}q{? %}es%ég&l \%ﬁ%ﬁﬁgﬁe&tﬁ%n%@tgfeﬁg the Ofentation

dis é%E‘i%h' drigld (2950 @ r TRIRGEL&ic e85 AYer, FHE 'Ehe ﬁ‘)%t Welah sB8are
he average interval S between the grains,

inchiratsar agle (Aaqadetenniried byhper foveisppd) gnnamnoﬁﬂ ﬁaafpme&ng, for
was 8.0 nm and the average_interval between %lgal ns

megdiaesroups AandiBrdecordingya thefigire erdremaly saed fouelatipn is Shiained
betwWeeh MéHih 9%hr Fllée Ek&e(ﬁﬁgt)rafé@ Sf'\rvg%glt&ége ?ifnflﬁhV‘B(Ylfslh@&‘ Ui Media 7

was appr oxi nmat nm was a equa
thraygir b&,lthasldisyratasmfwhldewetdnmh;&dn (D+S) of the average
ral nd| arreter D of 2,8_magc{1et,c gr ai ns and th ave age

Wh N Otl E@e}g&ga o‘i’ﬁﬁﬁ eSS i i Fiéu‘i‘é‘{i | @ rél?ﬁbﬁ b@@é%ﬁ)s N

det romthe resu
chm@teﬁﬁmpm driérihtiort BpabRNeINpRy (IA‘BGOWaﬁ&aEthﬁ‘led Figure 6is a
subjected to 4(D+8) cutoff filter processing. [00121]
graph gltwwe the relatipa pAtveeowl/ A charactedstia anshotrntoriethdispersion

anglt (SIS ok e ek RRE R RNRG hiRRdl dfba! R W K odiging to
theel'fglglt € WES e HRLWIHHNNASHRYoR ?iﬁél@ (ADSY 1§"9pﬁ6kﬁ'ﬂ5t@fyf 8° or lower,

er processing, for nmedia groups A
excdtienmr SN ghdractehistids ayeobtaieed ardwhenghe dngle g ab;&bxmnate]sf 5° or
obt a|Ped bet ween Medﬂla 1 through 6, the substrates of
lowgs; 2! mereesceleatm/por %Iﬁg&ﬂs%ﬁ%d‘r%'a@@eq’ t hrough 14,

Re%p SnHeRFLnS A8 cﬁgra\‘.‘@ngﬁc Y& PR e quie! 1ﬁEiu9€[}1(}?1e§r}’§@ n
N char acteri st and ofientation di spersion ang
(0s64P50) [00122] Based on the correlation in Figure 5,

thee~rel ati on between SIN characteristic and

or i K38l inaly Shased pa sharegies efdgsere werd Higuse fr thedelation

betalol 1 S Sp et RRE AR RN s kG S Bl iAo B ToRa) was

deteAf). Plgutd'® isgiAghishowapOthd irslgtibRpetweea theBANacharacteristic
(groups A and B. According to the figure, when the
an

racs moeani souat inpknaticorangiy(GsAQADE ®)edis gmpps dxandiBeipc@ding

to the fjlgure ah excellent S/N characteristic is obtained when the root mean square

inclination angle (8sAq) is approximately 5° or less, and a still more excellent S/N
characteristic is obtained when the angle is approximately 3° or less.
Industrial Applicability

[00124] In this invention, by focusing on the substrate surface shape which
exerts an influence to increase the orientation dispersion angle (A850) of the
orientation control layer, and in particular by appropriately controlling the root mean

square inclination angle (6sAq) of the substrate, a high level of quality and stability of
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excellent S/ N characteristics are obtained, and when
the angle is approximately 5 or |lower, still nore
excellent S/N characteristics are attained. Relation
between S/ N characteristic and root nmean square
inclination angle (OsAq) [00123] Finally, based on
the results of Fjgure 5 and Figure 6, the relation

reagh SiSRRIS 9! PP RPUFHRLIIA BRI UG TeEOdiRE TSE1A @FberpchyFved. Hence
o, SO ARL 0y BB Ak T L A ey, wich
are Sktdrodiataageeddvides dor comap utestandemins smpanequipmeht, fiaton erhich

. angl Aq), for. nedia grou and B. Accordin to
imitRge e R LAE B Biote S RSP RORER i cont years.
obt @opes] MLNa §iRtaR9br H?@gpréliéli&ﬁfr mhﬁfétﬂc'}@édrﬁﬁl#g?g&iﬁ and a

(GsAq) 1I's approximately ess, and a stil
perpemﬁtlll_enmagheﬂic rebendag mediatusmg the sbingihae eevh descrihed according

ngl e . appr oxi nat el or. le | ndustri a
to 45 FreaSinF ot DbaoAicR i, LAt thiy bemade fethe
teciigh&arRiRRichigb Ed&UFibEE £n S NRRE a i Helein §KEH{duT dBParting from the
i nfluence to increase the orientation dispersion an

l e
spititaoBhycone of the inveritomt Aiccondingintit shouldpemundarstbddrthat the devices

cesBt Bt P TRBHOEHP Fetari Pt b St b OFAC

inveht@dh.| evel of quality and stability of 29 read signals
of the perpendi cul ar magnetic recordi ng nedi a can be
achi eved. Hence this invention is promsing for
application to fixed magnetic recordi ng devi ces, which
are external storage devices for conputers and
consumer equi prent, fromwhich inproved read signa
qual ity has increasingly been sought in recent years.
[00125] Thus, a substrate for a perpendicul ar nmagnetic
recording media and a perpendicul ar nagnetic
recordi ng nmedi a using the sane has been descri bed
according to the present invention. Mny
nodi fi cations and variations may be nade to the
techni ques and structures described and illustrated
herein wi thout departing fromthe spirit and scope of
the invention. Accordingly, it should be understood
that the devices described herein are illustrative
only and are not limting upon the scope of the
invention. 30 What is clainmed is: 1. A substrate for
donut - shape perpendi cul ar magneti c recordi ng nedi a,
conprising a main surface, an inner circunferentia
surface extendi ng al ong an inside
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of the main surface, and an outer circunferential

surface extendi ng al ong an outside of the main

surface wherein, when a shape of the main surface is

defined by a function Z(x,y) of x-y coordinates, a

root mean square inclination angle (OsAqg), defined as
nver ent (tan' (sAq)) of a root mean square

|nc }h"ét‘ﬁ ﬁn{@Ag) which is a root nean square over

they ent | AQupRilc Mt A sRipcbdib ISP cHY ka8 Ring med

|nc][| nat%‘oﬁ S’l the ra ela%&gur %ce g%resse anme 1

comprasifigh Inmain mgrfaaccw an T T muﬁfmntmﬂs&rfﬁcmattemdmg along an inside

X.Y) ~ f i 2.. Th bst r.at
of & N pha g e kbter ccuerdinfil v SERdRh Rl ap outside of
the th@hFufacd\RRERIN WG e[ S0dpe A AAUPHRFIBE ddFeld Y a function

angle (OsAq) is 3 or less. 3. The substrate for

Z()pye)rq:feﬂyj cmrkiaratesag medt mearesqrade tm;lmemraamgle ()@sauqmgidfmed as an
Caiml, wherein, when an average grain di angeter

mVﬁlﬁe tangent (j@ra.(m)L Bha fcrqtmw%lﬁee mﬁ]élfifﬁé’ﬂi’oﬁséﬂﬂ ‘édmch b a root
me} S@Lréahq Jt%X %%Jge ﬁlnﬁlcsu?ecé?) d%”n ic 1%% orrﬁast %Bcg g}?lgl%gﬂon (Ap) of
the@ﬁﬁh%aﬁfaéé“éﬁfn\é@éedhﬁlt‘h@%’é‘llé\bﬁlg'lﬁaﬁlﬁéﬁ Gs ¥ 8RS IS, and

in a cross-séctional view of the substrate, a

surEqwuthpe is viewed as a SI nusoi dal curve, a
period a,, of the curve |s tW| e (D+S) or greater. 4.

The sub 2 p magneti ¢ recording
medizg afc L Ot Il erein, when an average
grain d nefér gnéﬂ’c rpi ns constituting the
per pendi cul ar recordi ng | ayer forned above the
substrate in the perpendicular magnetic recording

media is nd an average, i pterval ,between the
mag%eu c The sbsgrarecfor BerPSHelcuﬁémagnﬁnare@pa@gg §xdia aepgrding to
Clafhl Herkin® KOS Csqudr T AREPIARE dsghh 3080 88, 2
(D+S) or greater. 31 5. The substrate for

pergendlcular magneti c recordi ng nedia according to
m 3, Thmapbsirate fioe ppendigular magneti recor¢ing meadipiceording to

Clagﬁlelakﬁ{erelﬁ §pﬁ‘ aﬁlé.%lt g@%f"a {1%&1 ePSP%hgrg‘é%F& gggﬂg @%étﬁutmg the

reco I'a accor
perpancavﬁaﬂmoghag fayet ﬁn‘ﬁteelrabofve fregsubbtirgte gt Easerpendicular
constitutjng the . perpendi cul ar recordlng | ayer forned

magpeicareeprding mediagis . and; anea yseagsapterval bsiwe ﬁ@@qg@etw grains is,
a.nct[ ﬁ/‘ﬁgﬁ dlhrhgcr%%eétlbﬁalgnev@ Bg tlfégkrl]lgé’t\%]tg,gfsqr%{cg sKBhe RSNRR s a

magnet i ¢ grains

sina:rmeﬂwem; acpreﬂbdw em}mfcmis&wﬁx&t(mfﬁ orareaigdf ace shape
is viewed as a sinusoidal curve, a period X, of the
curve is twce (D+b) or greater.

4, The substrate for perpendicular magnetic recording media according to
Claim 2, wherein, when an average grain diameter of magnetic grains constituting the
perpendicular recording layer formed above the substrate in the perpendicular
magnetic recording media is D, and an average interval between the magnetic grains is
d, and when, in a cross-sectional view of the substrate, a surface shape is viewed as a

sinusoidal curve, a period A, of the curve is twice (D+86) or greater.
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7. Perpendi cul ar magnetic recording nedia, in which at
| east a soft magnetic |layer, orientation contro

| ayer, and nagnetic 'recording |ayer are forned on
the substrate according to Claim1l. 32

5. The substrate for perpendicular magnetic recording media according to

Claim 3, wherein the period A, is four times (D+3) or greater.

6. The substrate for perpendicular magnetic recording media according to
Claim 4, wherein, when an average grain diameter of magnetic grains constituting the
perpendicular recording layer formed above the substrate in the perpendicular
magnetic recording media is D, and an average interval between the magnetic grains is
d, and when, in a cross-sectional view of the substrate, a surface shape is viewed as a

sinusoidal curve, a period A, of the curve is twice (D+3) or greater.
7. Perpendicular magnetic recording media, in which at least a soft

magnetic layer, orientation control layer, and magnetic %écording layer are formed on

the substrate according to Claim 1.
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