DESCRI PTI ON GLASS SUBSTRATE FOR A MAGNETI C DI SK, MAGNETI C DI SK AND
METHOD OF MANUFACTURI NG A MAGNETI C DI SK 5 Technical Field [0001]
This invention relates to a glass substrate for a nagnetic disk that
enabl es hi gh-density recording and reproduction, to the nagnetic

di sk, and to a 10 nethod of manufacturing the nmagnetic disk.
Background Art [0002] As one of information recordi ng nedi a adapted
to be nmounted in 15 information storage devices, there is known a
magneti ¢ di sk adapted to be mounted in a hard disk (HOD). In recent
years, it is strongly required to ipgRcRIeTIdNE recording capacity of
the magnetic disk and thus it is of urgent necessity to increase the
recordi ng density thereof and to extend the recording area thereof.

20[ 0003] a factor for enabling high-density recording, it
s necessary toGLARARBLESTRALR FOR AUASNEDC SR MAGNERG BIRK ARDa

Ut pose. f‘fa?sv“né?eéiiﬁﬁ%ﬁ?P&L@%ﬂ%%ﬁm‘fagﬁﬁ@@%@%ﬁ "gneti c

di sk. 25[g004] In order to extend the recording area, i S necessary
to ensure as |large as possible a snmooth region of the naln surface.
However, depgseinngl Pieigool i shing conditions of a glass substrate, a
surface-down in which a surface is 2 lowered relative to a main
surface of the gl d§680Hubstrate or a surface-up (hereinafter referred

to as arise) relative to the main surface occurs at an outer
peripheral end porthiviventionielaisaieardass subpleate foa magnrtic disibal 1 es

over e MmaBekYE (e itchak] Adaitell SlRRGsohB ihe B A, (b e

at the 5surface-do ri’se por |on
t hus caugpngntddastinanlfsttsitg thE GiddPitic @gk.ri se portion has been

i npedi ng the extension of the recording area.
Background Art
[0002]
As one of information recording media adapted to be mounted in
15  information storage devices, there is known a magnetic disk adapted to be
mounted in a hard disk (HDD). In recent years, it is strongly required to
improve the recording capacity of the magnetic disk and thus it is of urgent
necessity to increase the recording density thereof and to extend the recording
area thereof.
20 [0003]

As a factor for enabling high-density recording, it is necessary to reduce
as much as possible the flying height of a magnetic head with respect to the
magnetic disk and, for that purpose, it is necessary to make smoother a surface
of the magnetic disk.

25 [0004]

In order to extend the recording area, it is necessary to ensure as large

as possible a smooth region of the main surface, However, depending on

polishing conditions of a glass substrate, a surface-down in which a surface is



[0005] In recent years, there have been actively devel oped a magnetic
head 10 attached with a pad for preventing adhesion of the nagnetic
head even if a nmagnetic disk is snpboth and a LUL (Load/ Unl oad) system
that enables realization of a |ower flying height. Normally, in the
case of this LUL system a surface of a magnetic disk is snooth and,
while the magnetic disk is stopped, a magnetic head stands by on the
outside of the magnetic disk and, after the 15 magnetic disk starts
rotation, the magnetic head noves fromthe outside of the disk and

herotorel | NBwel raakeb 4 e iifiod O RELLAL MEALH i gutaRrgriel | on

Therefore, in general, a |ower I's¥achieved as cofnpared wth

the CSS syst qherelnafitheferasidoab o ive) FIAtiveXs tRahRuFaeebcdups aindiidRert he
flying stability of the magnetic head, it is necessary to control an

out er peri pheedpheratensopartiemofibe subgitaterf Vihenthetmagnetierbead fies ower the
than in the case of 'thﬁ CSS system In the case of the LUL system
since the | oWddnerdisgMaying SHekA snape anead may bpiclirrdalithe recor di ng
i s made p@ssi ed W ) 0006] .In_view of
hi et & acbries ey PEASat B bl Foa e, IR talehd 2 R 25

LUL system tharsRirfhse-86wh BY BSE béHloh RES b@&hh&%ﬁﬁg@hé%@ﬁ&&?éﬁh@i gh

enough for enabling high-density recording and Specifies an outer

peri pheral endcqdingiacea.shape to a predeterm ned val ue (e.g.

speci fying a surface-down in which a surface is lowered relative to a
mai n surface of a I§PB&ls substrate, or the like) for 3 enabling
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[ 0008] However, a pro aris at even i e outer

peri pheral emshghetipdisk issmsdihaad afLULheogd/gapad distanatiait eRable®pr oved by
hi gh-preci sion polishing or the like, i.e. even if a surface-down in
whi ch a sur f a@alization ofwelpwer fingeight. t Hotmalyninitive canef oftlis biLisieteql ass

educed, - uheAUHRE SamAdRLCIe sroed svnhie fagrenete IskiS Happey 2

such a shape ddignd hdAiras by'6n EUREORE rdBREAPGEK R et ke

15  magnetic disk starts rotation, the magnetic head moves from the outside of the
disk and flies over the surface of the disk to perform recording/reproduction.
Therefore, in general, a lower flight is achieved as compared with the CSS
system. Inthe case of the LUL system, in order to ensure the flying stability of
the magnetic head, it is necessary to control an outer peripheral end portion

20 shape of a substrate more strictly than in the case of the CSS system. In the
case of the LUL system, since the low flight of the head is enabled,
higher-density recording is made possible as compared with the CSS system.

[00086]
In view of this, in order to realize a low flight of 2 magnetic head in the

25 LUL system, there is an invention that achieves a smoothness high enough for
enabling high-density recording and specifies an outer peripheral end portion
shape to a predetermined value (e.g. specifying a surface-down in which a

surface is lowered relative to a main surface of a glass substrate, or the like) for



150f the magnetic head cannot be lowered. This will be explained in
detail herei nbel ow. [0009] First, for exanple, as shown in
Fig. 5, in the case of a glass substrate for a magnetic disk with a
di aneter of 65nmm® (radius 32.5mm), as an index of 20 an outer

peri pheral end portion shape (an index representing the flatness of
an outer peripheral end portion shape i3 the range of -p.mw th
respect to a main surface as a reference plane (zero)) of the gl ass
substrate, use is nmade of a larger value of maxinmum di stances b and c
in positive ahgdpifoaiéndfortbriAebbidity arbs &PBEe M Shety (JB-AodatRe8s5aNge
of a straight |line a connecting befween two pointsS, 25 1.e. a point A
at radi us r=4Pa@ntDacnentdPint B at radius r=31.5mm from the center
of the substrate, and this value is called (defined as) Duboff.

[0010] In the convBfPTbnal case where Duboff was greater than 30nm
it was 4 possible.to duce e uch-d eight (TDH) at an outer
peripheral end porF?&?H{ggg'lnﬂ‘? Hé\é%f%%g reduced. On the ot her
hand, in the present case where Duboff was 30nmor |ess, as a result
of exam ning the relationship between Duboff and the touch-down

hei ght (TDH) maécievur® ot e Iehtigher al end 5Sportion position (position
at radius r 31.5m), no correl ation was observed as shown in Fig. 15.
That is, it Wasblemdo betSuiveedbyrthé invehtiorout er peri pheral end portion
shape of the glass substrate was inproved, i.e. even if a
surface-down in whif€R8la surface was | owered relative to the main
surface of the gl S a f - UP . (L relative o the
mai n surface was ?@gﬁ%}eég’,éﬁrﬁb%angﬁiﬁai% t@%gegfg'gl'féﬁ% §&}FEW&D eka\rign&

t ouch- dovy hejogtah shAESf Ak gidss sAbtPite RAMPPSVREHy HighlpReKIdn PR IisMEd bi ON
(variation in touch-down height |argely appearéd). ?0011] Next, in

t he convent i dmalikes as evehdiraesurface-aloen agehichlausirfate ishewatedrrelative tocths
(MMRgq) (definition and so on will be described |ater) over the 15
entire surfad@ipsuace aidhe glass substrgiecrassurienstip 47ise) relatjvestogbr BiaB e t o

bor t1 on posi SHEREE Mrultad it RE el el S ou X mBSR B ithiin s
(MMRq) over sB&?a%HéOBé, gqéf?i?ﬁtacﬁwﬁe%c%ﬁ%?gpetgﬁlg% th¥t th& ARy Reight e

m crowavi ness (MM R S outer perip portion assum ng

that innd6 peftheheadgretid Rebdcanriot be fvdredierilis Wilide £Pidindl id@etdilher
hand, in the present case where the average val ue of the

m cr owavi nes$eENBERYY. over the entire surface of a substrate was 4A
(0.4nm or |ess, atmresult of exam ning the rel ationship between
t he m crowavi ness ? Rg) at its outer peripheral end portion

position (positionag f6€%lgr &, e:a%(%,hémn Pﬁ?'s,tiﬂ. é@éé%*ﬁf%%sgkﬁbg{ﬂéte%

(TDH) at its outer peri porti ofn position (po

radius r 31. & magietie @iskelit a damatst 0P B5RFEFadigs SHEMIM)| & &h thded 6f
That is, it was seen that even if the m crowavi ness was i nproved

(r educedROat anlegten pedphepalrandiporidn siage (@ indenrepfesehtingthedktrmsbof ant e,
it was not possible to reguce_th(ﬁﬁt ouch- down f}ei ht (TDH) at its
out er peri phHEr PRI NP HRTUFHSNEPD I 16 55195t GHM Yith respect to a main

suiface as a reference plane (zero)) of the glass substraie, use is made of a
larger value of maximum distances b and ¢ in positive and negative directions,
respectively, within the range of a straight line a connecting between two points,
25 i.e.apointA at radius r=29.9mm and a point B at radius r=31.5mm from the
center of the substrate, and this value is called (defined as) Duboff.
[0010]

fn the conventional case where Duboff was greater than 30nm, it was



5 touch-down height |argely appeared). [0012] It is an object
of this invention to devise neans for solving the above-nentioned
problem 5 Means for Solving the Problem[0013] As a result of
examning its cause, the present inventors have found that when two
regions are arbitrarily selected on a surface of a glass substrate 10
and unless the difference or ratio betwaen m crowavi nesses
(definition and so on will be described |ater) neasured in the
respective regions satisfies a certain predetermned relationship, it

is not possibjss : P, 1t
head. [0014] mlS%%%JP?ﬁdgé Q@?tdug?dgﬁlgﬁ%ldgf‘(ﬁdm gm'b%?é?'b%nﬁﬁer?lé%g

rel ati onshi p goetorgmsitiohesdbof vessaediideddi Oh thé bbet hawy W%B%rééaﬁt MD) :
nmeasured in a wavel enlgth band of 60 to 500pn) between a m crowavi ness

at an outer [F8F¢phe U@fﬁﬂ?ﬁﬁ(ﬂﬂl@ﬁf less, s aaregdlt pt examiring thedielagionship
r=31. 5mdo0. 05 an cr S a ra ortion

position at d?%rﬁﬂgﬁ'ﬁ? Edlso f{e&ﬁmﬂ}\m qﬁ%l&?ﬁ'% ?r%tﬂ)d was
exam ned and,, A%y orsﬁ”BHlé\gltﬁmsatt? A rh@tﬁo éﬁr#‘?ﬁ jon W r%ggweél'ggt

is, it was seen t [ S pPoOssI uce

(TDH at the saekgin Figr wherh@k |seIN/aBQéélh et BASH i ot fepifHEtanend | he
difference (radial direction MNRq (OD-MD)) between the m crowavi ness

at the out er podionshepalof ﬂaacglqmrsubsjratammumproned;rnnwawaméasudﬂc&diuwn
central portion., 25[0015 Furt her, for exanple, as shown in

Fig. 8, the H%WBFF@rPé#ﬁfﬁﬁe wes Jvesied rriativade H‘G(WQ@S&Ffa@ﬁ pldbe glpss MV Rq

i or ovavi necdaiin BB AT IRG, SRR 1R nafad(eR e Rl dras o
at radi ugor =gt MI@MU@Qe%J&C&W d@ﬂ%ﬁDﬁ} aﬁtsccﬁl?érr FRripR&E] &N
(e.g. a position at radius r=25m8mm he touch-down hei ght (TDH)
was exam ned parign pasitian {\esiatien m&omﬂrdmg] aightedrgely@ppaasdpbser ved.

That is, it was seen that it was possible to reduce the touch-down
hei ght (TDH) at tHB08Uter Speripheral end portion position by

reducing (making aﬁé’xﬁﬁ?he % nvegte ona?(t:és% vgrﬁearg IthaeI average value of the

microwaviness (MW-Raq) (definition and so on will be described later) over the
15  entire surface of a substrate was greater than 44, it was possible to reduce the
touch-down height (TDH) at its outer peripheral end portion position by reducing
the average value of the microwaviness (MW-Rq) over the entire suiface of the
substrate or by reducing the microwaviness (MW-Rq) at its outer peripheral end
portion assuming that inner peripheral TDH < outer peripheral TDH. On the
20  other hand, in the present case where the average value of the microwaviness
(MW-Rq) over the entire surface of a substrate was 4A (0.4nm) or less, as a
result of examining the relationship between the microwaviness (MW-Rq) at its
outer peripheral end portion position (position at radius r 31.5mm) and the
touch-down height (TDH) at its outer peripheral end portion position {position at
25 radius r 31.6mm), no correlation was observed as shown in Fig. 16. That s, it
was seen that even if the microwaviness was improved (reduced) at the outer
peripheral end portion of the glass substrate, it was not possible to reduce the

touch-down height (TDH) at its outer peripheral end portion position (variation in



direction MMRg (OD/ MD)) between the m crowavi ness at the outer

peri pheral end portion and the m crowavi ness at the central portion.
[ 0016] Li kewise, it was seen that, for exanple, a
tendency (correlation) simlar 10 to the above was al so observed in
the case where two arbitrary points at different distances in the
radial direction were set as neasurenent regions. [0017] In
this invention, the observation of the strong correlation neans that
it is possible to prevent large variation in touch-down hei ght (TDH)
as shown in | ; s i nvention, the observation of
the strong ccﬁdgﬁgwng%]%g?{ég%@?eé@aﬁs possible to surely reduce the
touch-down hei ght [00MR) at the outer peripheral end portion position
to a predeterm ned value. [0018] This invention will be explai ned
usi ng an i mage di alfjisean obiedtohthiminventignity devise mieenmfaatsolvibp they Fig. 2,
the m crowavi rgess at .a central portion of a disk is small while the
m cr owavi nes &Py TESURRARTONER: pheral end portion is relatively

| arge. Hekein, as described above, even if the m crowavi ness at the
outer peripheral end portion is inproved (reduced), it is not

possi bl e to nedinefortdwvik@ePrdpiem hei ght (TDH) at the outer

peri pheral end portion position. 25[0019] On the other hand,
t he present invent[66$3Jhave found that, as shown at (2) in Fig. 2,
even if the m crowaviness at a central portion of a disk is
relatively |arge, A%aresuiodgxaniingdtscalisr dhe pesertievenisahareioynd

T i 7. f .0f . i | i i
ber | pheral efirtSen hn eaidi a8 sRulinPodbdph 6 Suipretn Bst vl
the dif fapenggq hiesatHediRRLHRLS ke LOMRERYAbASIRed¥os B ARRINALS0

portion and the m crowavi ness at the outer peripheral 'end portion is
smal | . 5[ 002@h will be deschibed ater$ metasorkd fruthehespeekeaniagiong skbisfies a certain
above-nentioned cause, the present inventors have found that when two
regi ons are arasietarainedyelatiorshired ivnotpossiblede sealize & rgdudtion suthdng at e
and unl ess tge. gLfff er enceﬁ. g}r? (rjati 0 between standard devi ations of

nmi cr owavi nes§&REEY IHNEPEHCAKA%0 on will be described I|ater)
10neasured in the b@ﬁﬁecti ve regions satisfies a certain

predet erm ned rel e{tl onship, it is not possible to realize a reduction
in flyingshei ght dpegificalynfelr efampi@das shown in Fig. 7, the relationship between

the difference (radial direction MW-Rq (OD-MD): measured in a wavelength
band of 60 to 500pum) between a microwaviness at an outer peripheral end
portion (e.g. a position at radius r=31.5mm+0.05mm) and a microwaviness at a
central portion (e.g. a position at radius r=26mmzx3mm) and the touch-down

20 height (TDH) was examined and, as a result, a strong correlation was chserved.
That is, it was seen that it was possible to reduce the touch-down height (TDH)
at the outer peripheral end portion position by reducing the difference (radial
direction MW-Rq (OD-MD)) between the microwaviness at the outer peripheral
end portion and the microwaviness at the central portion.

25 [0015]

Further, for example, as shown in Fig. 8, the relationship between the

ratio (radial direction MW-Rq (OD/MD): measured in a wavelength band of 60 to

500um) between a microwaviness at an outer peripheral end portion (e.g. a



[ 0021] Specifically, for exanple, as shown in Fig. 9, the

rel ati onship between 15 the difference (circunferential direction

MM Rgq STDEV (OD-MD): neasured in a wavel ength band of 60 to 500Am
bet ween a standard devi ati on of m crowavi ness at an outer peripheral
end portion (e.g. a region along the circunferential direction at

radi us r=31. 5m?D. 05mMm) and a standard dévi ati on of m crowavi ness at a
central portion (e.g. a region along the circunferential 20 direction
at radi us r=25mBmr) and the touch-down hei ght (TDH) was exam ned
and, as a regbsition at &dIRNY3 €.8MRI0dSnAn) ARSa ARFENNARkss Bt central pdrides
seen that it was possible to reduce the touch-down height (TD}-1) at
t he outer per{eghepasitiemat radiusire2bnpras3rmmd andthertedete dogn hbightdfTOMH) melsce
(circunferential direction M¥Rq STDEV (0D-MD)) between the standard
devi ation of SX8MiAcaNAads Asaxlt A strerg eastplalien yasmpservedci Thoatds, drwan i al

direction at the,o r._peripheral .en rtign and. andard

devi at i on of SHELITIASasEes B b Res R hEReL SR Aot (b S sy

di recti ongat i : nl.e . as
honn 1 1 8 g PoE SRRl bosifon Syiefidng (Raid iroachc) e ARl ik
(ci r cunf er entdiratticthi MBLRG QD DRUD R efidan\thé AR rdMAvinesasn wieeuteNpdipheral
wavel ength band of 60 to 500um between a standard devi ati on of

m cr owavi nessndtpodiencuiddne pugroywadness adthe groiral poitige. g. a regi on al ong
the 5 circunf erenhj al direction at radius r=31.5m®D. 05nm) and a
standard devi ati orl%8#6lni crowavi ness at a central portion (e.g. a

region along the PEi&{\H%’érghg?é‘é Wéé%ln ikt ?o?teggrggllg:[a sy @éﬁ?gﬂg@m@?d

t he touch-down hei g exam ne as a re rong

correl ati|gn (@fhedbo0é Wal alsbitiseh@d in thease sper: tWadrbitrarVssinte@ssi bl e
to reduce the touch-down height (TDH) at the outer 10peri pheral end

portion posi diflerertdistardtas imihe (radifl dirgctppreracit 49 mehsuremtenbregions.
(circunferential direction M¥Rq STDEV (0D/MD)) between the standard
devi ati on of nicrdf8¥flness in the region along the circunferential

direction at the . J: 0ortJ ta rd, ..
devi ation of mecr 3\%3&& H&?é{'@ﬂ%eﬁébsr%%ﬂgﬁquhg%&rg{?gg&@%?@WES%%W?QF
direction at ﬁt?ss%?é‘forﬁévé?ﬁfatrgeo@ariaﬁéﬁ th_%é’ri’ch-&b\!ﬁ@%‘@ﬁt g‘[iH)%ssh%ﬁﬁrih
that, for exanple, a tendency (correlation) simlar to the above was
al so obsdsbvedfigsn15 bad dés elnthislireventian, didolisearafiop of thesstahg dofrélatiant
distances in the radial direction were selected and, with respect to

t he sel ect edmeads pradddspossife faegpreli sedige iheievelirdpwg haishh gl RHeat the
ﬁ;;gﬂﬁeﬁ;ﬁ{] t :og fﬁ%@pﬂﬁierraei%tnid%%rt%tn ptogﬁiorsl ;E\orrg pFe%%{el#r?‘linvé%rv%Iuse?t as

[0018]

This invention will be explained using an image diagram.

20 Conventionally, as shown at (1) in Fig. 2, the microwaviness at a central portion
of a disk is small while the microwaviness at its outer peripheral end portion is
relatively large. Herein, as described above, even if the microwaviness at the
outer peripheral end portion is improved (reduced), it is not possible to reduce
the touch-down height (TDH) at the outer peripheral end portion position.

25 [0019]

On the other hand, the present inventors have found that, as shown at

(2) in Fig. 2, even if the microwaviness at a central portion of a disk is relatively

large, it is possible to reduce the touch-down height (TDH) over the entire



[ 0024] In this invention, the observation of the strong
correlation neans that it is possible to prevent large variation in

t ouch-down height (TDH) as shown in Figs. 15 and 16. In this

i nvention, the observation of the strong correlation 25 neans that it
is possible to surely reduce the touch-down height (TDH) at the outer
peri pheral end portion position to a predeterm ned value. [0025] This
invention wll be explained using an i mage diagram 9
Conventionally, as shown at (1) in Fig. 3, the standard devi ation of

M cr owavi nessgiMaca of 8 BUbsHatPPciudPg ief ' | emed idMhdsi
standard devisati gnoof m craovvavi ng'gsf egtu%rﬁgﬁ%hu%rélr per‘%nﬁm%ﬁm@%

portion is rebratvidinglaysuriaceetatd @be]the Aiffetcdnee ot htio bedmskn thBe present
inventors have found that, as shown at (2% in Fig. 3, it is possible
to reduce theniceryayingsaat heicgntralppoign addne mierowaviness ating adler of a

substrate including,its outer peripheral end portion position by
providing a sRﬁ”Iphg'%l §?‘§P%M%5r%nﬁ‘lhe difference or ratio between the
standard dgvi ati Onﬁ)ﬁ? m crowavi ness at its central portion and its
outer peripheral e bporti onis small. [0027] This i nvention

has found that thepe ares@t GfomigerieRb@ininy ®BiaBo@incRtored @lusenabi p
bet ween the m crowavi ness on a surface of a substrate and the glide

hei ght ('t oucpreizant irventgrg hgvedehind thatiwhératwo regiopette anhittaniéy selected on a
m crowavi ness 15in ial%gr edeterm ned relatjonship or in a predeterm ned

range, it is 4587 Bl 2dkegs puksiiptrand ylassshe difstanse or rajio hetweghetpndard
ook canab! © o, sty Rass LR e DT 4 RLEARITS, 0
0026) 2O b 5 e g IR B 002
wher ei n, in regliorshipyittifinotgsyssible tb cedlize apbdution &r ity Asightyof aehapietid
on a surface hoefad.t he gl ass substrate on a central
[0021]
Specifically, for example, as shown in Fig. 9, the relationship between
15  the difference (circumferential direction MW-Rq STDEV (OD-MD): measured in
a wavelength band of 60 to 500um) between a standard deviation of
microwaviness at an outer peripheral end portion (e.g. a region along the
circumferential direction at radius r=31.5mm+0.05mm) and a standard deviation
of microwaviness at a central portion (e.g. a region along the circumferential
20 direction at radius r=25mm+3mm) and the touch-down height (TDH) was
examined and, as a result, a strong correlation was observed. That is, it was
seen that it was possible to reduce the touch-down height (TDH) at the outer
peripheral end portion position by reducing the difference {circumferential
direction MW-Rq STDEV (OD-MD)) between the standard deviation of
25 microwaviness in the region along the circumferential direction at the outer
peripheral end portion and the standard deviation of microwaviness in the

region along the circumferential direction at the central portion.

[0022]



25 portion side relative to an outer peripheral end, a surface shape
wi th a shape wavelength in a band of 60 to 500pmis extracted from
surface shapes in each of the regions and, assum ng that a root nean
square roughness Rq of the surface shape is given as a m crowavi ness
Rg, a difference between the 10 m crowavi nesses Rq of the regions is
0.02nm or less. [0030] (Configuration 2B A glass substrate for a
magneti c di sk, wherein, in regions with respect 5 to two pl aces
arbitrarily selected on a surface of the glass substrate on a central

portion side rel at FyghdrFoPBxiiE ashPoBMe FR] 161He rdla
wi th a shape wavel ength ion aéhllggandasof 60 to@SOO'pn?irs %ﬂsbgﬁg ro‘ran

sur face shapestio irewnferadtial dieectieg MYERESTDEVASSD/NMDY nidadured if @ot nean
square roughness Rq of the surface shape is given as a m crowavi ness

Rg, a ratio beavelsagthibendodDde 60Rvhkatwesn Retaptandideviaignofis is 1.1 or
| ess. [0031] (.Configurati on@ﬁ%{ . AW?I ass substrate for ﬂ

magnet | ¢ di sKSCHEYHFTRLE WikResRRaR BH Rorden & 9 arsdeniethe o

I , ir: i f ' -
Tscent ral Sporteifls el (RS0 Rkt SAReDRLt bith:Bockd i s@htb Beevitin2)

(Confi gurati @fnfidrowaviness b adleAfsl oS @©af. @ ré?bn @Id’rﬁ@?ﬂlﬁ@&ii&ln%r@gtial
e en

according to Configuration 3, wherein the outer periphera

portion of t hiedicnkatiradies p@BmmM43pwa} &dl the Gooohabwnnivaghd (TDHpwas out er
peripheral end of the disk toward a center of the disk or a_region

| ocated i nvvareéfafiﬂf“ef’r?@dp%ﬁ afesupo%)a@qng(%ﬁat@uwmﬁewd- That s, it wag

gl ass Substt aken o uaBRabh T e TrERLEA T Be BB i ©
o o 1Bt plpl A AR e TR B ok Sgegnd e (o
substrat e f ofcimunderential dirditiok MidicRey SITDEWVH(QDIADN) lpivwadn the starmard,
wherein an outer peripheral end portion shape of the glass substrate
i s a shape f &pviptie) ¢fimisiowayiness tiethe re@domalong the gireymiéarentiab disectionrt
surface as atﬁeeélﬁerere pnecr%hgl!a?gr?d portion and the standard deviation of microwaviness in
the region along the circumferential direction at the central portion.
15 [0023]
Likewise, it was seen that, for example, a tendency (correlation) similar
to the above was also observed in the case where two arbitrary points at
different distances in the radial direction were selected and, with respect to the
selected two places, two regions each extending along the circumferential
20 direction at the same radius were set as measurement regions.
[0024]
In this invention, the observation of the strong correlation means that it
is possible to prevent large variation in touch-down height (TDH) as shown in
Figs. 15 and 16. In this invention, the cbservation of the strong correlation
25 means that it is possible to surely reduce the touch-down height (TDH) at the
outer peripheral end portion position to a predetermined value.
[0025]

This invention will be explained using an image diagram.



5[ 0035] (Configuration 7) A gl ass substrate for a magnetic

di sk accord

Is Snmor le
for a nagnet
magnetic dis
(Configurati
formed over

according to
magnetic dis
20pr oduci ng

Configuratio
over a surfa
25( Confi gura
wherein, in

on a surface
relative to

wavel engt ¥ i
shapes in ea
roughness Rq
difference b

the regions i

10

15

20

25

ng to Configuration 1 or 2, wherein a touch-down hei ght
ss. [0036] 10(Configuration 8) A gl ass substrate
ic disk according to Configuration 1 or 2, wherein the
k is a magnetic disk for a | oad/unload system [0037]

on 9) 15A magnetic disk havijg at | east a magnetic |ayer

a surface of a glass substrate for a magnetic di sk
Configuration 1 or 2. [0038] (Configuration 10) A
k_manufacturin rising the steps of:

t hod, cf t
<CoVRBUoNal s oW @b f1)in FilgRchp StBial deviaiPAhy ¢ o

dutyfiaviiesgita ourab eptBh B AR R Aikiynll PR ider pEilp
tdrofcrbhhviness at itsAuBrefipRatasddaidrtidrs ré’iaﬁ%@ﬂ@@e‘? di sk,
regions wth respect to two places arbitrarily sel ected

of thfogbpss substrate on a central portion side

an outer geeri pheral end, a surface shape with a shape
n a bald tae oher hand delpreaentinventaraibardfobnd tha, (asfshown at

@y e S s Bl ety & P Jukelond hewiATRUY AT
RUNBED P BOMREL HBKLALHE RSP hethBrdl el BRI ERABR bfI
providing a surface state where the difference or ratio between the standard
deviations of microwaviness at its central portion and its outer peripheral end
portion is small.

[0027]

This invention has found that there is a close relationship on the
relationship between the microwaviness on a surface of a substrate and the
glide height (touch-down height (TDH)) and that, by setting the microwaviness
in a predetermined relationship or in a predetermined range, it is possible to
provide a glass substrate for a magnetic disk capable of achieving a desired
glide height {touch-down height), the magnetic disk, and a method of
manufacturing the magnetic disk.

(0028]

This invention has the following configurations.

[0029]

(Configuration 1)

A glass substrate for a magnetic disk, wherein, in regions with respect
to two places arbitrarily selected on a surface of the glass substrate on a central
portion side relative to an outer peripheral end, a surface shape with a shape
wavelength in a hand of 60 to 500pum is extracted from surface shapes in each

of the regions and, assuming that a root mean square roughness Rq of the

surface shape is given as a microwaviness Rg, a difference between the

12



(Configuration 12) A gl ass substrate for a magnetic disk
wherein, in regions with respect to two places arbitrarily sel ected
on a surface of the glass substrate on a central portion side
relative to an outer peripheral end, a surface shape with a shape 10
wavel ength in a band of 60 to 500umis extracted from surface shapes
in each of the regions and, assum ng thagp a root nean square
roughness Rg of the surface shape is given as a mcrowavi ness Rq, a
rati o between standard devi ati ons of the m crowavi nesses Rq of the

regions is 1. 5LidbdfiRsed &Qgﬁlhe]ég%ﬂ%@itﬁ%%ﬁ@sé@ A glass

substrate for a magnetic acc iguration 11 or 12,
wherein the two pl geEsg)are an outer peripheral end portion of the

di sk and a central portion of a recording/reproducing area of the

di sk. [0042] 20( Coronfigusationr?)14) A gl ass substrate for a
magneti c di sk according to Configuration 13, wherein the outer

peri pheral end por A ##sSoyubshiatedorskmagnetic siisks whetim dre Epaionsih resrecd
froman outer, peripheral .end of the disk to a . center, of the djsk
or °a regroh 1 5P BlFEER ARy SorusT o airisy Buhe BeEhF Tl ob Ponnics)
A gl ass substgatie, £i0E rélatiRaB Shidutdd pelpRESIUN! BulifodSHApbL WHiha] iipell
or 12, wherein the regions are tw regions each extending along a

ci r cunf er ent i whveldrigtitlinr eebandoef 68t to ShBuradsextraathidfeormisiifadecstzees if eachhe

two places selected. [0044] (Configuration 16) A glass substrate for
a magnetic di ¢fikhecaginngiang, assuatng thgtia aat sreansayaregepghgse e of the

Fal 11 g wi i 7255 ANREE BIOMBD AR RUBBE e B 2R HeRt Flhce ag &'
maneti o ok bt R HBIEAPT R T yegy o 7es swbstrate Tor @
[0031]
(Configuration 3)
A glass substrate for a magnetic disk according to Configuration 1 or 2,
wherein the two places are an outer peripheral end portion of the disk and a
15  central portion of a recording/reproducing area of the disk.
[0032]
(Configuration 4)
A glass substrate for a magnetic disk according to Configuration 3,
wherein the outer peripheral end portion of the disk is a point located 1.0mm
20 inward from an outer peripheral end of the disk toward a center of the disk or a
region located inward of the point.
[0033]
(Configuration 5)
A glass substrate for a magnetic disk according to Configuration 1 or 2,
25 wherein the regions are two regions each extending along a circumferential
direction at the same radius with respect to the two places selected.

[0034]
(Configuration 6)



12, wherein a touch-down height is 5nmor |ess. [0046] (Configuration

18) A gl ass substrate for a magnetic disk according to
Configuration 11 or 1512, wherein the magnetic disk is a nmagnetic
disk for a | oad/unload system [0047] (Configuration 19) A

magnetic di sk having at |east a nmagnetic |layer formed over a surface
of a glass substrate for a magnetic diskiaccording to Configuration
11 or 12. 20[0048] (Configuration 20) A magnetic disk
manuf act uri ng nmet hod, conprising the steps of: producing a gl ass

substrate for a Waﬁ@(?és's%ugst%‘ie?&%ngctd%k%%ru%ftafddhﬂ?df%n&{1i‘a?z

and 25formng at |east a magnetic |ayer over a surface ol the glass
substrat e forwhdneinmngutdriperigheril erd fatidn sifape loé theglasy substrateds b&ﬁd{ﬁﬁ
According to this invention, by setting the mcrowaviness on a
surface of a falingwitkina rrang%mobt withiaspectter aaio suiiage a5 a referance
predeterm ned range, it is possible to provide a glass substrate for
a magnetic dlp.iﬁ{'ecapabl e of achieving a 5 desired glide height

(t ouch- do hei ght?o skhe magneti c di sk, and a met hod of nmanufacturing
t he magnetlc di sk. Br f Description of the Drawi ngs [0050] 10Fig. 1
is an exenpl ary di agrdigufa@6n gxpl ai ning sel ected two places and

expl aining that use is nade of the average value or the standard
devi ati on of data Agisssebstaiafdrauoagisfic disbageertingdo Confifwation 1 at 2,
direction at the sane radius with respect to each of the selected two
pl aces. wherein a touch-down height is Snm or less.
[0036]
10 {Configuration 8)
A glass substrate for a magnetic disk according to Configuration 1 or 2,
wherein the magnetic disk is a magnetic disk for a load/unload system.
[0037]
(Configuration 9)
15 A magnetic disk having at least a magnetic layer formed over a surface
of a glass substrate for a magnetic disk according to Configuration 1 or 2.
[0038]
(Configuration 10)
A magnetic disk manufacturing method, comprising the steps of:
20 producing a glass substrate for a magnetic disk according to
Configuration 1 or 2, and
forming at least a magnetic layer over a surface of the glass substrate
for the magnetic disk.
[0039]
25 (Configuration 11)
A glass substrate for a magnetic disk, wherein, in regions with respect

to two places arbitrarily selected on a surface of the glass substrate on a central

portion side relative to an outer peripheral end, a surface shape with a shape



Fig. 2 is an exenplary diagramfor explaining an inmage of this
invention. 15Fig. 3 is an exenplary diagramfor explaining an i nmage
of this invention. Fig. 4 is an exenplary diagramfor explaining a
shape wavel ength. Fig. 5 is an exenplary diagram for expl ai ni ng

Dubof f . Fig. 6 is an exenplary diagramfor explaining the
structure of a perpendicul ar magnetic rdéordi ng di sk manufactured in
Exanples 1 to 5 and 20 Conparative Exanples Ito 5. Fig. 7is a

di agram for explaining that the correlation is observed between the

di fference (Miderd@bin\dbandetefaeo0jueriowrddesias sufatdishapadirbéach
direction and the touch-down height (TDH). Fig. 8 is a diagramfor
expl ai ni ng t heftthe rrgiansrangl assupring thad B seotvreinB|ubest meghnassRa oftthe
(M¥Rq (0D bet ween, m. cr owavi nesses Rg) .1 n the radi al
Gi'recti on- anchuiAgs SEeRis BeY Ao WOWW%(S% d aitgTeroibetiisey sitndase

o & g b SPAEShBMAInE S BISELA LRLNGER (A 6 bl ene

(MMRgq STDEV tween s eV| att ons

m crowavi nesses i njggag)ci rcunferenti aI direction and the touch-down
hei ght (TD H). Fig. 10 is a diagramfor explaining that the
correlation is obs¢odiutsiond@h t he radio (MMVRq STDEV (00/ MD))

bet ween standard devi ati ons of 5 m crowavinesses in the )
circunferential di Adtassgybsiratetorea mégaﬁmdb%wheieghﬂn (epigws. with respect

(MY RG( 00- NP0 EERES A AL SRer e o8 e iack Rrufs RS Pubsliaet bh aireaid
the touch- dov&%&@é r&i%toéb%tﬁr?%ﬁﬁ%altéﬁdsigphﬁ% Jphained, éHé

Exanpl es and arative 12 1s a diagr

show ng ttee rwémgngﬂshlaobémmrtotsbepmaé eﬂra(ch»‘fRﬁn é&ﬁid\@rﬂapbewmn
m crowavi nesses in the radial direction and the touch-down hei ght
(TDH) with redtegionssanphessiming tiahe (pat MeEREAPAIET OUgItNeSs Msentahe ve

Exanpl es. 15Fig, 13 d h | t hi p, bet th
di fference ( WHIRG gﬁ%ﬁ%}a@of@%e%mm%ﬁ%g%sgﬁné%@ LT
m Cr owavi Nesses; alrt]|8n§ BBnE i Wa%@{ktel theé fedidh '%Q'g' diflgsd ouch- down

hei ght ( TDH) Wi L respect al ne I'es and
Conpar ative Exampl gg41Fig. 14 is a di agram ShOWI ng the rel ati onship
between the ratio EWMN g 20 STDEV (00/MD)) between standard

devi ati ontd of m cr (;Qva\il"gnatieaéii) n the circunferential direction and

t he t ouch-down he| wi th respect t?( nlp es aobtained in
Exanpl es and Conpa ng e°' téq{ﬂﬂg@ magnetic disk according to Confi guratlon11or

12, wherein the two places are an outer peripheral end portion of the disk and a
central portion of a recording/reproducing area of the disk.

[0042]

20 (Configuration 14)

A glass substrate for a magnetic disk according to Configuration 13,
wherein the outer peripheral end portion of the disk is a point located 1.0mm
inward from an outer peripheral end of the disk toward a center of the disk or a
region located inward of the point.

25 [0043]
(Configuration 15)
A glass substrate for a magnetic disk according to Configuration 11 or

12, wherein the regions are two regions each extending along a circumferential



Fig. 15 is a diagramfor explaining that no correlation is observed
bet ween Duboff and the touch-down height (TDH). 25Fig. 16 is a

di agram for explaining that no correlation is observed between the

m crowavi ness (MM Rg) and the touch-down height (TDH). Fig. 17 is a
di agram for explaining that when the shape wavel ength is 500 to
1000gm the correlation between the diffg&rence (M¥Rg (OD-MD)) 16
bet ween m crowavi nesses in the radial direction and the touch-down
hei ght (TDH) is not good. Fig. 18 is a diagramfor explaining
that when th%ir%l@lﬂﬂﬁat‘@ﬁé’@érﬁ%@jé% \?mg%gpéat&g{&w_ pldda seRicierl ation

between the ratio (MMRq ( ween m crowavi nesses in the

radi al direction aigd44he touch-down height (TDH) is not good.
Fig. 19 is a diagramfor explaining that when the shape wavel ength is
500 to 1000pm t helCooifigention 3® bet ween the difference (MM Rq STDEV

OD-MD)) b dar d iati f. m j iy h
1001  ount or ent i a1 - DOASR BB AR [P ABoe BUE RS SR HEB IR oL AESpIATE! o
vavel engtf i 25888 45685hbeHHERISRY eBXBhShaN i he ek a0 R

STDEV ( O MDkshapetamg withtred fhige o @80t Wit Sedfecto® @UmVdunREsasai n the
circunferential direction and the touch-down height (TDH) is not

good. 15Fi g. r@e&rdnse glatieagr am f or expl ai ni ng t hat when the shape
wavel ength is 10 tg 60pm the correlation between the difference
(MVMRq (OD-MD)) bel@#%n ni crowavi nesses in the radial direction and

t he touch-down hei , Q{—a ks not good. Fig. 22 is a diagramfor
expl ai ni ng t hat V\h@r%flélg g nal[I) wavel ength is 20 10 to 60pm the

correl atiqgn bet Y\’eeA‘F[aB@sﬁ@étﬁa% {derﬁsq]rﬂeﬂ%iyl@)a&dmwoomwmwﬂﬁsses
in the radial direction and the touch-down height (TDH) 1s not good.

Fig. 23 is a1djwheraimd muckxpvaiheighgistdmat omlbenn t he shape wavel ength is
10 to 60pm the correl ation between the difference (MMRgq STDEV
(OD-MD)) 25 bet wedR048landard devi ations of microwavi nesses in the
circunferential di ec]L.iont.an t he touch-down height (TDH) is not
good. Fig. EE” 'QUralY] dgr am f or expl ai ni ng that when the shape

g@régve ?gtD/h NiD;‘) 101;/99@9@%&#2@9 foP brShdHetiOBisk 8EXRERg tE ok idnMAYdRd
15 12, wherein the magnetic disk is a magnetic disk for a load/unload system.
[0047]
(Configuration 19)
A magnetic disk having at least a magnetic layer formed over a surface
of a glass substrate for a magnetic disk according to Configuration 11 or 12.
20 [0048]
(Configuration 20)
A magnetic disk manufacturing method, comprising the steps of:
producing a glass substrate for a magnetic disk according to
Configuration 11 or 12, and

25 forming at least a magnetic layer over a surface of the glass substrate

for the magnetfic disk.

Effect of the Invention



bet ween standard devi ati ons of m crowavi nesses in the circunferenti al
direction and the touch-down height (TDH) is not good. Best Modde for
Carrying Qut the Invention 5 0051] Hereinbelow, this invention wll
be described in detail. [0052] A gl ass substrate for a
magneti c di sk according to this invention is such that, in regions
wWith respect to two places arbitrarily 4€lected on a surface of the
10gl ass substrate on its central portion side relative to its outer
peri pheral end, a surface shape with a shape wavel ength in a band of
60 to 500pmis extygappd from surface shapes in each of the regions
and, assum ng that a root nean square roughness Rq of the surface
shape is given as acasrdnguathismsentRy, bypsetting theanicewaeinese on alsairface

m crowavi nesses Rq of the regions is 0.02nm or, | ess 15(Confi guration
1). [0053] ofasubgirgtedaap rrdRes retstionshimefB @i Rfedrtelmined BNaEnilist o

s et et BeSH Haheh b sl gRl o it bR AR bl EPa USR5
central p(Ht'd?é%iréff]gﬁ’délﬂéi t'(fb‘ﬁcﬁ-%o@vﬁ%e%ﬂﬂ%ew neha;a%%, {ngqswgtr%g.of

surface shape wth”a shape wavel ength™n a band o pmis

extracted fronasuiadtadsy hbanmetihdierch of the regions and, assum ng
that a root nean square roughness Rq of the surface shape is given as
a mcrowavi ness Rq, a ratio between the m crowavi nesses Rg of the
regions is 1.1, | ess, nfiguration 2). 25[0054] A gl ass
substrate foréﬁ?bﬁﬁﬁﬁpé%ﬁf@ﬁﬁwwﬁdi ng to this invention is such

that, in regions V‘LOIOB espect to two places arbitrarily selected on a
surface of the glass Substrate on its central portion side relative

to its oufger peri pRgr alis exendpladyJidgiarhasiexpantg ¥élédted 1védpRBes and
wavel ength in a bang of 60 tc?&bSO ).ﬁﬂﬁis extracted from su?lface

shapes i n eadckxpafnindidat ess io nmxadend theazeuagenpitchart the stapdardeaiatiogwhr e
roughness Rq of the surface shape is given as a nicrowavi ness Rg, a

di fference bélBiRBRASaRaaMPUgEYY along e groumirential diariipnRliesame of
the Sregions L0 uifPLRRE: toB28h CHAR' oAt B Piabbs. [ 005S]

Fig. 2 is an exemplary diagram for explaining an image of this invention.
15 Fig. 3 is an exemplary diagram for explaining an image of this invention.

Fig. 4 is an exemplary diagram for explaining a shape wavelength.

Fig. 5 is an exemplary diagram for explaining Duboff.

Fig. 6 is an exemplary diagram for explaining the structure of a
perpendicular magnetic recording disk manufactured in Examples 1 to 5 and

20 Comparative Examples 1 to 5.

Fig. 7 is a diagram for explaining that the correlation is ohserved
between the difference (MW-Rq (OD-MD)) between microwavinesses in the
radial direction and the touch-down height (TDH).

Fig. 8 is a diagram for explaining that the correlation is observed

25 between the ratio (MW-Rq (OD/MD)) between microwavinesses (MW-Rq) in the
radial direction and the touch-down height (TDH).

Fig. 9 is a diagram for explaining that the correlation is observed

between the difference (MW-Rgq STDEV (OD-MD)) between standard deviations



A gl ass substrate for a magnetic disk according to this invention is
such that, in regions with respect to two places arbitrarily sel ected
on a surface of the glass substrate on its central portion side
relative to its outer peripheral end, a 10 surface shape with a shape
wavel ength in a band of 60 to 500kimis extracted from surface shapes
in each of the regions and, assum ng th& a root nean square
roughness Rg of the surface shape is given as a mcrowavi ness Rq, a
rati o between standard devi ati ons of the m crowavi nesses Rq of the
regions is 1.cknfitrol@sineddeand treldidlimfdiedt) dirddabR aRE the touch-doWh heighe

i nvention, using, for exanple, a |later-described neasuring apparatus,
a surface shdpBHM th a shape wavel ength in a band of 60 to 504tmis

extracted from surface shapes in a nmeasurenment region and a
mi crowavi ness is c&iBelf éﬁ%é’aa@"hfof m!alﬁ@aﬁh%tq%e@r&l@wnﬁe@%ermp (RVB)

oxtracted {1 oEoEeT s Rde ILERTSTRECRIMERT mest Haft abiprsd ' °
and, assumg ngn.t:rawavrnagsersqmﬁé&wcnﬁ'rhée}tea&d?aﬁe&%hraﬁgttﬁéito%eﬁ fdg é’n‘e%ht

represented by the X-axis Irection of longitu
magni ficati or(TD‘al)represent ed by the Y-axis, and that the roughness
curve i s expressed bya‘%—f X), squares of deviations fromthe

centerl : nef to the Figu ﬁe%@a%ﬂb&hﬁwqthexa?tlwsblplhﬂb&gﬁrratgedilffwmcst he
EEE orval to dMy-FE DN EPE benu St Rs v Rermasy the P éa Bk the;

Ty
Foughness) pidt i Pioh ST EHLARTREREL b SaBick Miladd Rl S 3

with W (1000tCdiRaiRati@EBathpley i ness) prescri bed by JI S B 0601 is the
sane. [0057] In this invention, a |aser Doppler vibroneter

(LDV) was used forFigebaisra mggranesrmumﬁgntbe rslatwehlp'lﬁmmﬂnarrammmw-Rq
i aratus jis that aser beam

\F/)\nr![ Ecialp\l/\gvgr éégﬂﬁmﬁgmlqu A ia the gad@fl)p;rgctpﬁta@dtt%t%@aﬁgwﬂ
i i er ence bUPRELTRCUPS RE FEERASLE R0 PERT eRRbaby nd CfPormive

shape of a mgggppRRENt Obj ect based on that phase difference. A

feature of this measuring apparatus is that it is an optical

i nterferddfeter thafigi 13 ad diagramldholwirgethe Irelglitnsbiptbeteserothe elifferend
detects the speed based on the frequency difference between the

i rradi ated | (YW-Rasd RS (QlMId belween giandal deviatighe obnicrewayingsseuini ng

FPom the: sur Herap ekt 8Bt ant ud Rt eSuR nelorb 01 W s5edfit e (o
neasure the ggﬁb[eg BHifRGH ﬂggﬁleq'a%ﬁ'CO%rﬁ%'%mﬁ resolution is

about 51.tmand the 15 vertic measur e reso on is 0.001m

(0.01A). The par anfiger4 k@ diggramtshoned ths rékatidnSVp)betWEKIBIBE ratio (MW-Rhe
| aser Doppler vibronmeter is exenplified by Qptical Process Certifier
Ma224 maRdf aSTREM(QY/MEibhetween Agnaydaisviations ofsnictomavinerses ir¢#€0059]

et SRS Bt LTS it
e o e SR T SRR 8 pgnear s ot ronoly
circunferential difigcts ign)digdremset &lfting &l 0000drelation is observed
between Duboff and the touch-down height (TDH).
25 Fig. 16 is a diagram for explaining that no correiation is observed
between the microwaviness (MW-Rq) and the touch-down height (TDH).
Fig. 17 is a diagram for explaining that when the shape wavelength is

500 to 1000um, the correlation between the difference (MW-Rq (OD-MD}))



In this invention, for the above-nentioned two places, the vicinity
of an outer peripheral end portion (excluding an outer peripheral end
face, i.e. a substrate side face) of the disk is preferably sel ected
as one of the two places 20 and a place considered to show a typical
val ue of a recording/reproducing area (e.g. a central portion of the
recordi ng/ reproduci ng area, for exanpleigan internedi ate position of
a line connecting between inner and outer peripheral ends of the
disk) is preferably selected as the other of the two places 5

(Confi gur ati QswebrAffrdwivine58éSinithe F%;%?a?'dmﬁcﬂoh%nﬁ‘?ﬁé RurhidRmdRRFRT S

nore strongly as conpared with the case ere other two places are
sel ect ed. [OQ®DH)is notgoodtor exanple, in the case of a glass substrate
for a 2.5-inch magnetic disk with an inner dianeter of 20nm and an
outer diameter of B8n§ §imdiegramofopexplpinig hatevientoerahapsivarelength is

eri pheral su re froma ceptral iLon cinit
gf alr[: out er %pﬁgﬂ@@méﬁgcggegﬁ%b%weem ed?%W%q@aW'iﬁ \étlﬂi‘fﬁleﬁlt gr
a region at

substr atey i aMEReReEes i YHIER AR nd FRLLARISARhERROPHIR poto,
of a recordi rg@baeprodum ng area (e.g. a flxed point or a region at a
radi us 15 25mmBnm position fromthe center of the substrate) is

preferably sel ect eﬁgaﬁ) ishediagl‘amfopbxpddninglﬂmt whehdime skapebeavelehglbist o
3mm squar e re%on % The region in the vicinity of the

outer peri phePfito 4 Hﬁ‘brt ‘?Swfﬂﬁtiqwhﬂﬁ%’kthﬁéi'W@T@r(Mqu $BPE¥xanpl e,

a point |ocat er. erl era end of the
i 5k towarq (0 TRHEEMET it Bptiafors 4 Bl o eRRE il ot he
poi nt (Capfi Q;Hélﬂﬁfe%?ﬁlal“du%&ﬁor;éﬁd ﬁ'r%qgudﬂ &bwrﬁﬁelglﬁm’@m% gt gend! ess of
the substrate size. This is applicable to, for exanple, a 1.8-inch,
2. 5-inch, 3 3 mcfﬂg&ﬂ@ﬁdlagrem fauébqﬂmamgtha{t%éﬁ]he?ﬁiapet\imx&length is

i nvention, greferable to use the average val ue of

dat a
measur ed al oﬁ@ot“h 0QQue g eoresiation betwveencthp sefiogMWiRa §5%Vr(%lfMQ))\M th
respect to e CB\( he s Lected t

because it | Py ERIBEe ph B Pofi e TR b S hBRs b 4 of
each radi us %Hgtﬂé‘l‘éucﬁzaown height (TDH) is not good.

15 Fig. 21 is a diagram for explaining that when the shape wavelength is
10 to 60um, the correlation between the difference (MW-Rqg (OD-MD)) between
microwavinesses in the radial direction and the touch-down height (TDH) is not
good.

Fig. 22 is a diagrafn for explaining that when the shape wavelength is

20 10 to 60um, the correlation between the ratio (MW-Rq (OD/MD)) between
microwavinesses in the radial direction and the touch-down height (TDH) is not
good.

Fig. 23 is a diagram for explaining that when the shape wavelength is
10 to 60pm, the correlation between the difference (MW-Rq STDEV (OD-MD))

25 between standard deviations of microwavinesses in the circumferential direction
and the touch-down height (TDH) is not good.

Fig. 24 is a diagram for explaining that when the shape wavelength is

10 to 60um, the correlation between the ratio (MW-Rq STDEV (OD/MD))



accuracy of correlation is inproved thereby. [0064] For
exanple, as shown in Fig. 1, with respect to each of selected two

pl aces (A has a wwdth and Bis one point), it is preferable to use
the average 5 val ue of data neasured continuously along the
circunferential direction at the same radius fromthe center 0 of a
di sk as indicated by imaginary lines. [@A@65] In this

i nvention, the nunber of data to be nmeasured continuously along the
circunference with the sane radius can be properly adjusted. 10[ 0066]
In this invengét@den sfantigrddlevRiioN biMBictowRRmEEssan tike é]fﬁuﬁfféﬂehﬁﬁ'ﬂﬁré&‘ho%et '
a plurality of nmeasurenent regions at regular intervals along the
ci rcunf er ent i ad eteuhi-aowraheightd TBHjris nohdoerk and to use t he average
val ue of data measured in each of the measurenent regions. 15[ 0067]
In this invention Wi th respect to the selected two places, two
regi ons each dj | on circunferential direction at the
sane radi us a§ St 1 eg ’@%@@ﬁ??ﬂfﬁﬁ&e 'P‘édﬁt%s and it is preferable to
use the standard degsaji on of data neasured in each of the

measur enent regions (Configuration 15). This is 20because it is
preferabl e to incr éassndiew, this anmehtsswiliibetdesciieaind aethildevi at i on _and

the accuracy of correlation is inproved thereby. [0068] For
exanpl e, as shown [G95@] g. 1 with respect to each of selected two

pl aces (A has a width and s .one point) eferable to use
Phe st andard_ 2odeviuBasarraRraia S HeRdusiaiserriBySiys s seteh

g ent i, 6 A PP Py B e Bl
nunber of1gdatfadssubetraeanUseentariorionigd kelalve Mits ddter peripheral end, a
surface shape with a shape wavelength in a band of 60 to 500um is extracted
from surface shapes in each of the regions and, assuming that a root mean
square roughness Rq of the surface shape is given as a microwaviness Rq, a
difference between the microwavinesses Rq of the regions is 0.02nm or less
15 (Configuration 1).
[0053]
A glass substrate for a magnetic disk according to this invention is such
that, in regions with respect to two places arbitrarily selected on a surface of the
glass substrate on its central portion side relative to its outer peripheral end, a
20 surface shape with a shape wavelength in a band of 60 to 500um is extracted
from surface shapes in each of the regions and, assuming that a root mean
square roughness Rq of the surface shape is given as a microwaviness Rq, a
ratio between the microwavinesses Rq of the regions is 1.1 or less
(Configuration 2).
25 [0054]
A glass substrate for a magnetic disk according to this invention is such

that, in regions with respect to two places arbitrarily selected on a surface of the

glass substrate on its central portion side relative to its outer peripheral end, a



the circunference with the same radi us can be properly adjusted.

[ 0070] In this invention, it is alternatively possible to
intermttently set a plurality of neasurenent regions at regular
intervals along the circunferential direction 5 at the sane radius
and to use the standard devi ati on of data measured in each of the
measur enment regions. [0071] In thgs invention, it is
preferable to extract a surface shape with a shape wavel ength in a
band of 60 to 500 pmfrom surface shapes in the nmeasurenent 10

i St ance betiiack Shapdhi'a shilfe RARAEAR ) EOM oF SGRIRRER i aidibten
peaks. [0072]from surface¥Hapes Wea%h%‘?%é’\%ﬁ%hﬁ%ﬂ%%sﬁrgﬁgghé& oPfRa the

correlation is not good even if neasure me conditlions as

in Figs. 7, 8gquare moghrisds R sfdke Budisce shdpe kyivekOas @nficra®aviné0R$la
Wien the shape wavel ength is 10 to 60pm the correlation is not good
even i f neasuli@ensrdestwesrestenderdsisniationsoefshamidrowsatingssey Rg&f tils and

10 (see Figs. 21, 2 3, and 24). 20[0074] Fromthe above, it is
seen that §heregl'BB%|5ﬁ9$H"P OBE‘S? ﬁ%‘g@ﬁaﬁ&mﬂé@il ength is preferably about
hal f the head sizep,kherefore, when the head size is reduced in the
future, the upper [l mt of the shape wavelength is preferably set to

about hal f the heagl (fds3QuB&FAE EirRGhYgnetie AR Fetording t?thiﬁﬂwfa iich is such
i nvention, the outer peripheral end portion shape of the gl ass

substrate i s thatehaegibhy with sdeppet thalb prgeswbibitianieseleuigeonh saface v thé
respect to its nmain surface as a reference plane (Configurations 6
and 16). 23 glass substrate on its central portion side relative to its outer peripheral end, a
10 surface shape with a shape wavelength in a band of 60 to 500um is extracted
from surface shapes in each of the regions and, assuming that a root mean
square roughness Rq of the surface shape is given as a microwaviness Rq, a
ratio between standard deviations of the microwavinesses Rq of the regions is
1.1 or less {Configuration 12).
15 [0056]

In this invention, using, for example, a later-described measuring
apparatus, a surface shape with a shape wavelength in a band of 60 to 500um
is extracted from surface shapes in a measurement region and a microwaviness
is calculated as a root mean square roughness Rg (RMS) of the surface shape.

20 Herein, a measurement length (Q) portion is extracted from a roughness curve
in a direction of its centerline and, assuming that the centerline of this extracted
portion is represented by the X-axis, that the direction of longitudinal
magnification is represented by the Y-axis, and that the roughness curve is
expressed by y=f(x), squares of deviations from the centerline to the roughness

25  curve [f(x)] are integrated over the interval of the measurement length (Q) and
then averaged over that interval {o derive an average value. Rq (RMS)is a

square root of this average value. The relationship with Rq (RMS) (root mean

square roughness) prescribed by JIS B 0601 is the same. The relationship



[0076] This is because when Duboff described above is 30nmor |ess,
the effect of the application of this invention |argely appears.
Further, this is because when Duboff is greater than 30nm it is
possi ble to reduce the 5touch-down height (101-1) at the outer

peri pheral end portion position to a certain limt by reducing
Duboff. [0077] In this inventiqgn, a nmagnetic head is
preferably a nmagnetic head for a perpendi cul ar magnetic recording
medium In particular, it is preferably a head 10 of the type in

magnet 1o o sk aha e SRR AsLhRSemed H0hs A geo b e,

the average val ue g g;lpe m crowavi ness (MM Rg) over the entire
surface of the substrate is preferably 4A or |ess. 15[ 0079]

This is because whémtiisieventienag mseeDosplefvilrbmetsr rDVRNANESS TOMV Rq)
is 4A (0.4nm or less, the effect of the application of .this
i nvention | ar@@ﬂ%}-’”ﬂpﬁ%ﬁ@fﬁcﬁlﬁ&tﬁerThet messurempriquinsiplefdhis nreasatimg age

e o e REe L kL S o o e
to the magnetig ﬂ'lrﬁﬁt\%'geérh§ i ??ﬁea@ﬂ%ﬁé’n%g?rﬁ%&ar did ag@glll BLSm, and

i nventi on, the ouch-down I'S prerera nm or

(Confi gur ati ans pRagéiffdréhee B&t[m@@ﬁlﬂe two beamsTg'Uétebﬁedb%?éb?‘?némﬂn@ he
touch-down height is 5nmor less, the effect of the application ©of

this inventi dhe sbagetha npaaaaementl-‘nb]edhbaseddm that shdsecatiftesencsh e A fehtare
touch-down height is greater than 5nm it is not necessary to apply

24 this i nverffiliyhmepgagg apparatus is thattids ap wetical suprfaremgter tha Ireadlatﬂsjex
The ?ﬁhihfﬂd?,'vlas"eag%ﬁﬁ% P2 Bl SR PSR oRot o B edunl um
(i.e. a Mongfifdren@AMNESIHEGIhdT IGRBRits reflected light. A feature of this
measuring apparatus is that it is possible to measure a wide frequency band
from the surface roughness to the waviness and that it is possible to measure
the entire surface of a disk. The horizontal resolution is about 5um and the
15 vertical measurement resolution is 0.001nm (0.01A). The parameter to be
obtained is Rq (RMS).

[0058]

The laser Doppler vibrometer is exemplified by Optical Process Certifier
M4224 manufactured by THoT Technologies, Inc. or the like.

20 [00569]

In this invention, as the above-mentioned two places, it is preferable to
select two places at different distances from the center of the disk. This is
because the correlation appears strongly as compared with the case where
other two places (e.g. in the circumferential direction) are selected.

25 [0060]

In this invention, for the above-menticned two places, the vicinity of an

outer peripheral end portion (excluding an outer peripheral end face, i.e. a

substrate side face) of the disk is preferably selected as one of the two places



The glide height (flying height) represents the average hei ght of
flying over a substrate. The glide height is a value virtually
derived by a tester, using a filmformed nedium i.e. a
non-transparent object. 10[ 0084] Through neasurenent with the
formation of an extrenely thin filmon a surface of a gl ass
substrate, it is possible to substantiabhy know the surface state of
the gl ass substrate. [0085] 15This invention includes the case where
the surface state of the filmformed medium satisfies the condition

defined in Cogfy QHIEF’% EObideredta shbw é)é/rp%al VHReEES abr%gor%ﬂﬁl\/rgp c{qgg gglare!an

the case of an 1 n-plane magnetic rec |ngrre um  si

thi ckness of (. g@%ﬁfraicpdrtﬂihﬁﬁft@ﬁéc&@iw@kef)ﬁ)dﬁ@iﬁb lared, for&4mBR, an
considered that the surface state of ass suUbstrate Is

appr oxi mat el yinlequediateqashiah 0bé Ilnéleorfnelctimg‘ ostwedn et and oler pdriphetdier
hand, in the case of a perpendicular nmagnetic recordi ng nmedi um since
t he t hi cknessengis ohthesdjsiads prefeighly selaeted @s the othet ofithe fwa plecesur f ace

5 SRR L R B ™
or e on |5 RGN orlr e SRS ASEUhA i S S Ealalson <

magnetic di sk and jgos1pl ass substrate according to this invention are
preferably a magnetic disk for a |oad/unload systemand its glass
substrate (Confi guFertéxampld imthe casy of  QESulETatefor 8 2@ rwh swagnktic
difference or ratjio betwe% the crowavi nesses Rg of the respective

regi ons sel eVt hinpgs é@?teFB mﬂmﬁ@@%ﬁtq@m%@rf’@ﬁﬁ@né@@@r

Phe. | onar (i) eaipagier el BriF b pafefifaferdod OB St Bagnet

di sk and its c@hﬁél%)oﬁlb@r?ﬁﬁéﬁri%nﬂ?@%@bﬁlgr b&tighBta} eh@)ﬁ@n‘&bh %Pth%roq’sk (e.g. a

preferably a magnetic di sk adapted fo be nounted In HCOD f use at
4,200r pm or rimed paintion 4 regiincat @ radis B 36, OGﬁEnnnbogwraTomme (Qenamd)f 1) .
[0090] This is because when nounted in the HDD for use at

4,200r pm or Fubgrata)gs peeferebl celegtediascongmitgecand peendral paitisn phent i on
largely appea recordlnglreproducmg area (e.g. a fixed point or a region at a radius
15 25mm+3mm position from the center of the substrate) is preferably selected as
the other place. The region can be a 0.05 to 3mm square region.
[0062]
The region in the vicinity of the outer peripheral end portion of the disk
is preferably, for example, a point located 1.0mm inward from the outer
20  peripheral end of the disk toward the center of the disk or a region located
inward of the point (Configurations 4 and 14} (see Fig. 5). This is regardiess of
the substrate size. This is applicable to, for example, a 1.8-inch, 2.5-inch,
3.3-inch, or 3.5-inch substrate.
[0063]
25 In this invention, it is preferable to use the average value of data
measured along the circumferential direction at the same radius with respect to

each of the selected two places (Configuration 5). This is because it is

preferable to use the typical value at the positions of each radius and the



[ 0091] The magnetic disk of this invention has at |east a
magnetic | ayer forned over the surface of the glass substrate for the
magneti ¢ di sk according to any of Configurations 1 to 7 described
above (Configurations 10 and 22). 20[0092] The nmagnetic disk and its
gl ass substrate according to this invention are suitably applicable
to a perpendicul ar magnetic recordi ng ngglium [0093] A perpendicul ar
magneti c recordi ng di sk has at | east a perpendi cul ar 25 magnetic
recordi ng | ayer over a substrate. [0094] Herein, the
perpendicularwﬁ@gegbggomggﬂﬁﬂg ,#@*p&ekﬁ_preferably, for exanple, a
per pendi cul ar magnétic recordin ayer aying, at least, a 26
ferromagnetic | aye[pos4rh a granular structure fornmed over the
substrate and containing an oxide, silicon (Si), or an oxide of
silicon (Si) and aFbreXamplieds|shpen,in big. 1 et espectimeadh of selegtd, twof a
first layer c ntaining Co or a Co alloy and a second | ayer containing
Pd or Pt. 5[68@?F(Aha a width and(},spne PInva g icpreterakie & Vs theavaiagg t he

oot On R | SRS et Rhpd kg BidthuBugp Sbnd Aot ST SR R e o
a Si oxide sugheradiasfrdnliig c@ﬁte@@d@% disk é§‘iﬁdi€9@ﬁéb9ﬁ§;§}gipg lines.

CoPt Cr - based nagnetic material. The ferromagneti O preferably

has crystal grains[ooesposed mainly of Co and grain boundary portions
conposed mainly of the oxide, silicon (Si 2 or the silicon (Si)

oxi de. The f err onalgribisiinventignrthe nemberafidatatadeanegsained eontisueusdit alerg
containing Si, or. its oxi de, petween netic¢ crystal grains containing
o The 1 hi ol gETeRee Fef s s LS cpde wribbadliddy Sonm or

| ess. Desjgrably, tfp@sé]ange of 8 to 1516nmis preferable. [0096]

The lam nated | ayer 1S adjacent to the ferromagnetic |layer directly

or through a space thisiefenadd it188ltanbtiiant paR8ib®f toReReitte AR def apitalty ng
to the ferromagnetic |ayer and aligning the easy magneti zation axis

di rections i mf treas@emesprgidnset reguéar sntemalsmbonghearelyfetandialsdirestion
direction. In the | am nated | ayer, crystal grains are magnetically

coupl ed to edtiiestamns radusandite uae the avigrags data peagiged in each of
ferromagnet i f.the Co-based magnetic material, the
20" g PEFRrERER) Ghichs :

| am nated | a e nprises alternately lamnated fil ns of
cobalt (Gg) or i tséggd;-}-]oy and pall adium (Pd) or alternately | am nated
films of cobalt (Co) or its

In this invention, with respect to the selected two places, two regions

each extending along the circumferential direction at the same radius are set as
measurement regions, and it is preferable to use the standard deviation of data
measured in each of the measurement regions (Configuration 15). This is
20 because it is preferable o increase the parameters of the standard deviation
and the accuracy of correlation is improved thereby.
[00B8]
For example, as shown in Fig. 1, with respect to each of selected two
places (A has a width and B is one point), it is preferable to use the standard
25 deviation of data measured continuously along the circumferential direction at
the same radius from the center O of a disk as indicated by imaginary lines.
(0069]

In this invention, the number of data to be measured continuously along



25 alloy and platinum (Pt). Since the alternately lamnated filns
made of such materials have | arge magnetic Ku, the domain wall w dth
in the |am nated | ayer can be nmade small. The thickness thereof is
preferably 1 to 8nm Desirably, 2 to 5nmis preferable. The sane
effect is obtained even by using CoCrPt with 27 high Pt content,
CoPt, CoPd, FcPt, CoPt3, or CoPd3 as a paterial of the |am nated

| ayer, instead of the above-nentioned nmultilayer film [0097] The
spacer |layer is preferably provided between the ferromagnetic |ayer

possi bl & 1o SPraRTyetaice i PR SN B BERERRw Rlftesr (o

ferromagnetic | ayeqogpod the |am nated |ayer. As the spacer |ayer, a

Pd layer or a Pt layer is suitably used depending on the | am nated

| ayer, for exanpl eln iNeinverdiienPtlisl atgeratively psssible o inteemittemtiy sétedbll@yigr
the Pd layer is also used as the spacer layer. This is 10because, in
terms of the 9féBRASURRMEIN regions atHagylardniervatiplang teairgumfgrentiag direction

i cal f bl e, h Lt Th hi ck f
the spacer® | dgidbe FaRgrEnts o dsind R TRNRhon & ats Mpapiied fbadinge
of 0.5 to 1.543ke @ggg@bm%ﬁg]%?iofng.rrormgnet| c layer and the | am nated

| ayer are di sposed adj acent To each other or through the spacer |ayer
t her ebet ween, wher gor1]in ternms of HDI (Head Disk Interface), it is
preferable to dispose the | am nated | ayer above the ferromagnetic

| ayer as seen fronldit this isvardionat is.prafaebiedp eatrag mesurface ahape with ashape

limted to a single layer, but may conprise a plurality of layers. In
thi's case, 20VRY5IGSRYLE 3 EANeERT0 1p S9BHE ToplauafPrb ahangs ibthemepsiemei
may be c i . 1.0g i LAl Si
o a s ol adedsh” Resfitutln Pe HRARRTRIBRh YA LBRLnEIE Bl T o
oxi de may be ARNBENLdaddd GblgHs orlthe HiStaREE€bef@Bh QdfRefl fARsEe t he

Co- based nagnetic |ayer containing Si or the Si oxide on the side

adj acent to the | afti0dd} ed | ayer. As a nethod of 25formng the
per pendi cul ar magnetic recording layer, it is preferable to use a

sputtering met hod. Whenghe shang \aa\{elqr%th i 580 & $0GMMre the cerslationrgnot
gﬁgg?é&?n[ gg%tfﬁ reivg ifnn%aetag?l(rje SHefer the s%mef c%rnmti%é 88 fnoﬁiHEt?, %,ng,i ahd 10
15 (see Figs. 17, 18, 19, and 20).

[0073]

When the shape wavelength is 10 to 60um, the correlation is not good
even if measured under the same conditions as in Figs. 7, 8, 9, and 10 (see
Figs. 21, 22, 23, and 24).

20 [0074]

From the above, it is seen that the upper limit of the shape wavelength
is preferably about half the head size. Therefore, when the head size is
reduced in the future, the upper limit of the shape wavelength is preferably set
to about half the head size accordingly.

25 [0075]
In this invention, the outer peripheral end portion shape of the glass

substrate is preferably a shape falling within a range of £30nm with respect to

its main surface as a reference plane (Configurations 6 and 16).



28 The perpendi cul ar magnetic recordi ng di sk has at |east the
above-nmenti oned perpendi cul ar magnetic recording | ayer over the
substrate and preferably has various functional layers in addition
thereto. [0100] 5For exanple, a soft magnetic |layer for suitably
adjusting a nmagnetic circuit of the perpendicular magnetic recording
| ayer may be provided over the substrate. The soft magnetic layer is
not particularly limted as long as it 235 made of a magneti c
substance that exhibits soft nmagnetic properties, and, for exanple,
preferably has as its magnetic property a coercive force (Hc) of 0.01
10 to 80 oersteds [8@Flnore preferably 0.01 to 50 oersteds. Further,

it preferably has gs jts magnetic_property a saturation nmagnetic fl ux
density (Bs) of Sd%ﬁfﬁltb@{?a'ﬂ “.’(@?’b@ﬁqﬂ qesciedahoxe ds P 6F [e8hdhe of t

magnetic | ay r ; Lt e rial - based
mat eri al , orgﬁ%cétorﬁjl?ga.p Bﬁ%r“%gfg% @y&dfég%}gﬁﬁgg%ﬁe %ﬁmhae?'l'—tgg Ased
soft rmagnet i gedBkeiheh Db i@%eﬁfé?ﬂﬁh%‘ﬁﬁﬁ itlop@sitly to e8laNnRased

al |l oy, FeN -based all oy, FeCoB-based alloy, or FeCo-based alloy, a
Co- based Sof tounhgowhiheight{ FDH edt tiseioliteaseriiodalendpotion absition ra
CoNbZr - based al | oy, a FeCo-based alloy soft nmagnetic material, or the
| i ke. The t hfestairelsitby redisingdPuboifagnetic | ayer is preferably 30nmto
1000nm and desi raﬁ@i/7 Onmto 200nm 20[0101] A nonmagneti c
under | ayer is pre |y provided over the substrate for orienting

crystal s of the pes RROAVGHGRY o FRENEK FddiS BrAbAMl ARBEN R Raligarti on

perpendi cul ar to the surface o e substr se oy 1s

preferabl e aserpert8an mhgdfticrbcording WRANe.i dn vadietlavas prefétabiyiaHraged
alloy well serves to 25 control crystal axes (C axes) of the

CoPt - bas#@dl pefithe heduwhichreaginles ptojecistoragiprapchaydisk. havi ng a hcp
crystal structure é& Ee oriented in the perpendi cul ar direction,
whi ch is thus pre1{ Bble. As the nonmagneti ¢ unci erl ayer nade of the

Ti - based all oy, t wted, I J i Chs .
alloy, a 29 Ti Cotl]rﬁ%%erﬁ%%?@ﬁdkoaﬁqtnﬁg%?ﬁgﬁ&%ﬁ%%ﬁr@@g@@%ﬁ §e§ﬁ'8ﬂ’ a
nonnmagnet i C {HBGREIRYYaleSf IREMRIGWAWNSS IMINCRGPEVEr tHdRE sURRSR of the
magnetic field annéaling is necessary for controlling magnetic 5
domai ns of tébstrefetis prderablyctAl aryless, t he substrate is preferably nade
of a glass. Since the glass substrate is excellent in heat

resi stant®, the h8#7®hg tenperature of the substrate can be set high.

As the gl ass for .Subst rat there can he cited .an alum nqskld cate
G ase. an st um nolBRdEPRTaGEaania HieragEyalls it b8 TraR R REM e
Among them tha @lawm) P Riski GRlFebll Ao dppliddRhef HisPhEntidiuaigBRr . an
anor phous glass or a'crystallized glass can be used. Wen tthe soft
magnet i ¢ | aysppelass. afarthéotits isttheasaebsienathe avsraps ehleealfthe nade of
microwaviness (MW-Rq) is greater than 4A (0.4nm), it is not necessary to apply
20  this invention.
[0080]
With respect to the magnetic disk and its glass substrate according to
this invention, the touch-down height is preferably 5nm or less (Configurations 7
and 17).
25 [0081]
This is because when the touch-down height is 5nm or less, the effect

of the application of this invention largely appears. Further, this is because

when the touch-down height is greater than 5nm, it is not necessary to apply



t he anor phous gl ass. When a chem cally strengthened glass is used,
the rigidity is high, which is thus preferable. In this invention,
the surface roughness of the nain surface of the substrate is
preferably 6nmor less in 15 Rmax and 0.6nmor less in Ra. By
provi di ng such a snooth surface, a gap between perpendi cul ar magnetic
recording layer - soft magnetic |ayer can be set constant so that it
is possible to forma suitable nmagnetic circuit between magnetic head
- perpendi cul ar nmagnetic recording |layer - soft magnetic |ayer.
[0103] 201t uRs mhedigpr ef erable to form an adhesive | ayer between the
substrate and the soft nmagnetic |layer. By form ng the adhesive | ayer,
t he adhesi on betwgeng82lhe substrate and the soft magnetic |ayer can be
i mproved and therefore it is possible to prevent stripping of the
sof t magnetic | ayekhe tagctadenin beight is ah index fardiederimiming ageclosesehezdn be
made of, for exaﬁgje, a Ti-containing_ZSnaterial. In.ternms of

oa¢h &

practical us&an# 2 pHdace o diste .ﬁé%li'c\héiqwgmés Wé?‘gﬁﬁ'ﬁﬂ-‘g?”ﬁit
0 1o or ofor ArarerlSlmedb P BALBERL I SRR The @ MO ¢ S

per pendi cul ar magnegas; recording |ayer. By providing the protective
| ayer, it is possible’to protect the surface of the magnetic disk

fromthe magneti c Theagiddihegghh@lgthgfHejghtigepresents tree anegaet haigictios Ryind\s a
material of the protective |ayer, a carbon-based protective |ayer,
for exanpl e, oYY asptbstraleabilbe g?rltlﬁahee!mtd&néalyedrrtuaﬂbed@'t\@ﬂéma ipeter.aipisg i s
preferably abﬁgﬁ 3nm,to .nm.gé 0103]t ; l. t ti s preferable to
further provf '5”[*\?8&‘% ¥ PPET TS PRIRE ?ﬂ‘%‘iecti ve | ayer. By

provi di nggthe | ubr[b@t]i ng | ayer, abrasion between the nmagnetic head
10 and the magnetic disk can be suppressed so that the durability of

the magnetic di sk Thasughemeaqur@viect. withsthé faration of aroéxtidneely th filgedr ag
| ayer, PFPE (perfluoropolyether), for exanple, is preferable. The

t hi ckness of surfaselofiprdlasatsivhgiratayibis pogsibleds aubstaniialpsnaw thesurace state
1.5nm [0106% éSI IS géef erable that the soft magnetic |ayer, the
under | ayer, PHBeQ@ESHOEE S yer, and the protective |ayer be al so
formed by the sput[étfsr' ng method. In particular, the DC nagnetron
sputtering nmethod s preferable because uniformfilmformation is

enabl ed. 145t is al SRigIhedMibAMAUdER ths BasRrvidie e Qirfat &tdté bfthe
film-formed medium satisfies the condition defined in Configuration 1, 2, 11, or
12 described above.
[0086]
In the case of an in-plane magnetic recording medium, since the
20 thickness of a magnetic layer and so on is small, it may be considered that the
surface state of a glass substrate is approximately equal to that of the
film-formed medium. On the other hand, in the case of a perpendicular
magnetic recording medium, since the thickness of a magnetic layer and so on
is large, the surface state of the film-formed medium becomes rougher than that
25 of a glass substrate, but since the degree of roughness caused by the film
formation is constant, it may be considered that the correlation is achieved
before and after the film formation.

[0087]



form ng nethod. Further, the lubricating |ayer is preferably forned
by, for 20 exanple, a dip coating nethod. [0107] The magnetic
disk and its glass substrate according to this invention are al so
applicable to a discrete-type nedium [0108] 25A nagnetic disk

manuf acturi ng nmethod of this invention conprises a step of
produci ng the glass substrate for the mEgnetic disk according to
Configuration 1 or 2 or Configuration 11 or 12 descri bed above, and a
step of formng at |east a nmagnetic |ayer over the surface of the

| 31 bstr at 20
Potos) o e Baolgle SRRl RSt AT Sb AT O % el =0

nmagneti c di slkremefdratsly amesgnatigtisk Sorsulbad/umbad EWterﬂ aﬁﬁ@t@‘gﬂas@ stbstlate
having the feature 5described in Configuration 1, 2, 11, 12, or the
like (the fe&fanfiguratigns ElReddd).f erence or ratio between the

m cr owavi nesses ctgé the respective regions selected with respect to
the two places fal PS8l t he predeterm ned range) in, for exanple,

| appi ng agd pol i Shﬁf@.s%ﬁ&&s% édlfie?érgcg]or@%bd fwedlf Eanlgll%ksnLani’nerEr%ﬁél %Lep

of manufacturing the lI'ass su stra magnetrc
for exanpl e, of the r@ﬂi&@ﬂvé— pneScReRaEEHE rebpact RHBIaRBvE RS Sed twd) End

Face Polishing Process, (4) Precision Lapping Process, (5) First
Pol i shing Pr plaesspar(lﬁ)larﬁemmdéd prebliengin (ke cele dPhe mhgmﬁc diskofoethe,
(7) deaning Process, Chem cal Strengthening Process, (9)

Cl eani ng Pr o@égélmofgéﬁ@ﬁe(r&@)d it @ipragubstiater ocess. For exanple, by
controlling the pr, Q@B-g]tl es of a polishing pad (polishing cloth), the
pol i shi ng condltl and so on in the polishing processes,

particul gply by Cer'?wfefrﬁédrle‘ﬁg disheanaﬁt%%fs%'sﬁﬁst@‘te acéb%uh&'fﬁ % iR@ehtion
(polishing cloth), the polishing conditions, and so on in the second

pol i shi ng (f argrefeadtilsaimeghetis disleadapted td kse mosnsteblnea HDDfonukaet ure a
glass subst rgt‘?%():pg{ oramore and its glass substrate (Configurations 9 and 19).
[0090]
This is because when mounted in the HDD for use at 4,200rpm or more,
15  the effect of the application of this invention largely appears.
[0091]
The magnetic disk of this invention has at least a magnetic layer formed
over the surface of the glass substrate for the magnetic disk according to any of
Configurations 1 to 7 described above (Configurations 10 and 22).
20 [0092]
The magnetic disk and its glass substrate according to this invention
are suitably applicable to a perpendicular magnetic recording medium.
[0093]
A perpendicular magnetic recording disk has at least a perpendicular
25 magnetic recording layer over a substrate.
[0094]

Herein, the perpendicular magnetic recording layer is preferably, for

example, a perpendicular magnetic recording layer having, at least, a



20 magnetic di sk having the above-nentioned feature. [0111]

Her ei nbel ow, Exanpl es and Conparative Exanples will be described.
[0112] (Exanples Ito 5, Conparative Exanples 1 to 5) 25Fig. 6 is an
exenpl ary diagram for explaining the structure of a perpendicul ar
magnetic recordi ng di sk manufactured in Exanples 1 to 5 and

Conpar ative Exanples Ito 5. Hereinbel o6 a manufacturing exanple of a
per pendi cul ar magnetic recording disk will be described with
reference to Fig. 6. 32 [0113] An anorphous al um nosilicate gl ass
vas ol ded | Rrforiagflefkiagbifith DYrdhlaf Shudtii® tmdd 1Rce e QIRHLEI i 2

gl ass disk. This glass disk waS | apped, polished, and chemcally

st r engt henedcontaisibguaprmdde, tiliesre{®)), obsmoxide of sllicdnysi) and anem magstshyer,
glass substrate 1 in the formof a chemcally strengthened gl ass

di sk. The gl aB#ssfgsampaneticllayes, of afiret layes isonptaiming Cabsa Catalloywanth aan

i nner di aneter_of,,20nm atnpl.ar‘l3 utrg:r di aneter of 65nm (i nner

peri pheral entPONERELAANBIHNG, ‘f)%rrl heral end 32.5mm neasured from a
central pgrtion). [a' ]surface roughness of a main surface of the

gl ass substrate 1 was neasured by an AFM 10 (atomic force m croscope)
and it was a snmootay £06fassd magﬁ@tid/métariﬁirfaﬁnihgtnageﬁoﬁagmma . bei ng
0.42nm Rmax and Ra foll ow Japanese I ndustrial Standard (JIS). [0114]
By control | i pagrticialya CpPt-bases wfCaPiPrbasedi magnetid matdreal pgirefehabkg  Si
conditions, 15 and so on in the polishing process, there were

manuf act ur edMgY 88 addeth alopa 08 an pyiFe P g PXide gHalkas SiQedRayg addedtoval ue

of Duboff, i i : over_ th ntire
surface of he Einarrel B CEPOarRed OB Re b on B ISR RRE )
bet ween fgcr & £yl fis'cadfinaked | f the
a0 (MY R LoD Dy By L A e ol S s Y

di rection, whertitnsecomedsedmdiny dhibkeexitle, $ilkbhSBi), or the siliByn (Sindxidd. | | ng
the properties of a polishing pad, the polishing conditions, and so
on in the polhsierryagneliciaser referablkasea ganuiphsiunteg cgniadinesShtitsat es
for magnetic_dis each

of 25 or ovis ESeBR R 08 R grang AR AL MALE o RO RKRESIT AL ot e,
devi at Tons o S SRR i< oIy RO o P Rl PR PR o
val ue of 15 he1gr isqréfi¥dRy STDEV (0OD/ MD)) between standard devi ations
of m crowavi nesses in

[0096]

The laminated layer is adjacent to the ferromagnetic layer directly or
through a spacer layer and has a function of magnetically coupling to the
ferromagnetic layer and aligning the easy magnetization axis directions in the

20 respective layers in approximately the same direction. In the laminated layer,
crystal grains are magnetically coupled to each other. Specifically, with respect
to the ferromagnetic layer made of the Co-based magnetic material, the
laminated layer preferably comprises alternately laminated films of cobalt (Co)
or its alloy and palladium (Pd) or alternately laminated films of cobalt (Co) or its

25 alloy and platinum (Pt). Since the alternately laminated films made of such
materials have large magnetic Ku, the domain wall width in the laminated layer
can be made small. The thickness thereof is preferably 1 to 8nm. Desirably,

2 to 5nm is preferable. The same effect is obtained even by using CoCrPt with



33 the circunferential direction, which are showm in Table 2. [0116]
Then, using an evacuated filmform ng apparatus, an adhesive |ayer 2
and a soft magnetic layer 3 were fornmed in sequence on the obtained
glass 5 substrate 1 in an Ar atnosphere by the DC magnetron
sputtering method. In this event, the adhesive |ayer 2 was formed by
the use of a Ti target so as to be a 1®7 ayer having a thickness of
20nm On the other hand, the soft nagnetic |ayer 3 was forned by the
use of a CoTaZr target so as to be an anorphous CoTaZr (Co: 88at %

Ta: 7.0at % Zhigh F2bent 3681, E3H, RIPA CoPA BIESRA. s 2RUHG 1011 7]
Then, using an evacuated single-wafer stationary facing type film
form ng apparantinsted &aykt, irsteddnsialid aly®ie-rfientiones aaoNsyeifipker | ayer 4b, a
ferromagnetic layer 5, a spacer layer 6, a lam nated |layer 7, and a
car bon- based prot dé@94le | ayer 8 were formed in sequence on the

obt ai ned 15 substrgte in a]n Ar. at nosphere by the DC magnetron
sputtering met hod.ﬂ[eﬁfgﬁ’r ayer is pretgrably proviged\petwgen the feamagngtie layer
finished wit I ti -k f tic.l 3. . th
first andor | R JarRleaet, B plBisht e 3o 3R BE S brnBNT by e,
having a thi ghhes heXxch&iyd @NPliRdStABERIHE ffngoMQ%ﬁétiﬁb%ﬁr afig gipde of Ru

and having a thickness of 30nmwere first forned. rein, two | ayers
each nade of laRinatey ldyer. f dvwsrtbel spatet Eydr, a Piblbydrsor aliSt layar is suitablyeised
upper -l ayer side Ru at a gas pressure of nitrogen &N) gas hi gher than
that used whéepengingaigthe faminaigd faves ferrexampie. RYVhermibedid feyerlis used in

mgnet o ¢ ar BECRRBITRRATCE BATRE SR150 Hepke DS SPHETEAT onHURE | ¢
layer 5 of 1pnum Bavh iR J??%r@;mﬁ&l orssﬁqaﬁlgfa&sriaé@gwﬁe@aﬁs% is The

conposi tion of the target ormng the ferro iIc Tayer 5 was
34 Co: 62at % edonoifiaillyprdférableat Use Sildind2edposititn. f Fhe anagass btheayer
5 was formed at a gas pressure of 30nTorr. Then, the spacer |ayer 6
made of Pd asrBCcRENVergs areferablyidessodesarghdasiiablyfinthesdngarofrd.her , t he
| am nat ed Iai;sr 7 in the formof alternately lamnated filns of CoB
and Pd was fOPR®d. CoB was 5 first formed into a filmof 0.3nm and,

t hereon, Pd was f%mﬂ into a filmof 0.9nm Accordingly, the total

t hi ckness of the Famhated |ayer 6 was 1.2nm The |am nated | ayer 7

was formpgl at a Q%e%r%ﬁéq@ti@iayépﬁﬂm% lAranatedt i ard alsposeRthapdtent
formng the ferronmagnetic layer 5. [0120] 10Then, using a m xed gas

cont ai ni ng 1®wsichothed ootiesudhth@spacer tayebtherabetvgesn, wihereimun tegme cf
t hereby form ng t he carbon-based protective | ayer 8 nade of

hydr ogenat edHBh{Hs8H . Disilatariace) fds prefaraklndo disposnibsdaminatsddayes epove
| ayer 8 s o WD AE dyaPal LLah A ISShekie! "RhEVSHhrtdbrkheialer @ ©f
not limited to a single layer, but may comprise a plurality of fayers. In this case,
20 Co-based magnetic layers containing Si or a Si oxide may be combined
together or a Co-based magnetic layer containing Si or a Si oxide and a
Co-based magnetic layer not containing Si or a Si oxide may be combined
together. It is preferable to dispose the Co-based magnetic layer containing Si
or the Si oxide on the side adjacent to the laminated layer. As a method of
25 forming the perpendicular magnetic recording layer, it is preferable to use a
sputtering method. In particular, it is preferable to use 2 DC magnetron

sputtering method because uniform film formation is enabled.

[0099]



carbon, it is possible to protect the perpendicul ar magnetic
recording |layer 15 against an inpact froma magnetic head.
Thereafter, a lubricating | ayer 9 made of PFPE (perfl uoropol yet her)
was formed by the dip coating nmethod. The thickness of the

| ubricating layer 9 was nm [0121] Through the manufacturing
processes descri bed above, the 20 perpegdi cul ar magnetic recordi ng
di sk was obt ai ned. The surface roughness of the obtained

per pendi cul ar magnetic recordi ng di sk was neasured by the AFMin the

same_manner and i tTHASer hnsgietic fe ﬁi}ﬁdnﬁ %éyqﬁgﬁgﬁ}@l ng 4.53nm
and Ra being 0.40nm [0%2] 25 Eval ulatl 8n s ables 1 and 2 and
Figs. 11, 12abdv-manitbrkd pemndidufar regnblicreobrdingllaysioverhewuBsmRié s of
the surfaces of the glass substrates and the magnetic di sks thus

obt ai ned.  38nq prEfpblyhes yadeus fonetionaldaysis in additicartbersto.on are as
given at (1) to (ia [ﬁﬁl ow. [0124] (1) Duboff is neasured
using a small-siz Wt ace roughness 5 rreasuri ng apparatus ( SURFTEST

SJ- 624 mapuf act ur u face
Coughnessometer - A ekt tRoiBhaR Bidrithsgh0 dubsiiale Fehticrc
filmformati giuit df theZMdrpendicular magriefid recMcﬁﬁg%é?éfﬂ 8P Be MAIEd dvar the
nmeasured using a | aser ppler 10 vi bronmeter {Optical Process
Certifier Nnm)rataanﬂﬁa(sbﬁmmgnbyc [EerTis ietraridutaylydimiteldras. londLB]s
Measur enment gl ons are two places, i.e. an outer peripheral end
portion (OD: mna CEE mﬂgﬁ?tlfb%@ﬁmﬁutw eahrb&s pibnageaticoropasieugnd.den . 5

0. 05 15 d 2
Cosorvat) on siotop@ EERIAY niad i Rabielsstonely A S0 dvteicd FRBENT o
and the werm deakteds aRd nidré n%tr@rash?ro%w&ewoaée&a@dsof Fifther, T8

continuously along the circu erent direction at the sa radi'us
are derived mad&s itempgodtictprossatyia sdturtation magseticfianiensigg(Bshsf (see Fi g.

1). 20[0127] A wavel ength band is set to 60 to 500p. m

500emu/cc to 1920emu/ce. As a material of the soft magnetic layer, there can
be cited a Fe-based material, a Co-based material, or the like. For example,
use can be made of a Fe-based soft magnetic material such as FeTaC-based

15 alloy, FeTaN-based alloy, FeNi-based alloy, FeCoB-based alloy, or FeCo-based
alloy, a Co-based soft magnetic material such as CoTaZr-based alloy or
CoNbZr-based alloy, a FeCo-based alloy soft magnetic material, or the like.
The thickness of the soft magnetic layer is preferably 30nm to 1000nm and
desirably 50nm to 200nm.

20 [0101]

A nonmagnetic underayer is preferably provided over the substrate for
orienting crystals of the perpendicular magnetic recording layer in a direction
perpendicular to the surface of the substrate. A Ti-based alloy is preferable as
a material of the nonmagnetic underlayer. The Ti-based alloy well serves to

25  control crystal axes (C-axes) of the CoPt-based perpendicular magnetic
recording layer having a hep crystal structure to be oriented in the perpendicular

direction, which is thus preferable. As the nonmagnetic underlayer made of

the Ti-based alloy, there can be cited, other than Ti, a TiCr-based alloy, a



[0128] A neasurenent object is a magnetic disk (after film
formation). [0129] 25Herein, the neasurenent conditions of the |aser
Doppl er vi bronmeter manufactured by THoT Technol ogies, Inc. are shown
in Table 3. For exanple, short wavel ength 100um and | ong wavel ength
500um represent that the neasurenent is perfornmed in a wavel ength
band or bandpass of 100 to 500p. m 36 490130] (3) The

t ouch-down height (TDH) is exam ned by a touch-down hei ght eval uation
met hod. [0131] 5A neasurenent object is a magnetic disk (after film

formation). ishe P‘?‘W& f rﬁﬁﬁ' et i I SKS
obtained in @?ﬁ%sggall%grt e?ip&eei e—rqﬁg %WI@I @?%%ﬁﬂg&é
m cr owavi nes sgaeferatin2nhadBanmdi recti on was 0. 02nm or |ess (0. 2A or
| ess) and the ratio (MMRg (0D/MD)) between 10ni crowavi nesses in the
radial direction B8%02].1 or less. As a result, the touch-down height

(TDH) becane 5nm |l ess and thus it was applicable as a magnetic
di sk of 160G or ng&laf?n F@ﬂg@}]cf%%’f? gmeaingis r@rsg%%hf%fsomwwgﬁ@iqﬂe

di sks_obt i nagl e CPRRALR A8 154A TR S erkiie fldd epence, (VR

(OD-MD)) Dbetween mmicrowavi nesses Ial

0. 02nm (0. 2A5iraBthe hass allistalc\WERLIGADH HEMIrebRIaEEhE S5V Nesses

in the radial direction exceeded 1.1. As a result, the touch-down
hei ght ( TDH) temnpeesatdedof3hers abratratehess ba setdhigghon Ay tiepglhss foblthee substate,
magnetic di sk up to 80G  20[0134] In the case of each of the
magnet i ¢ di sthgraeashbeeited an aluainosiisate giass gart aleméneberqsipairglassoEy

OoD- MD b . dard,devi i f m i inth
Gi rount er ont FOIE T GRee o Ui tkeo. BaRedrer 466 SHEMARTERE g R and ¢ ne
ratio (MY RapefdBYe( 0P )arPsh ﬁHué?lgf&dﬂ'{ érj%rgﬁ‘éllii‘éd §§si Qéln %e u?ed.

25m crowavi nesses Iin the circu rent t1on r |ess.
As a result, WHee thosshmdgmetichayes g aradiphibud) eieasabstrat i8 préfemblyanstid dfus

it was applicable as a magnetic disk of 160G or nore. [0135]
the amorphous glass. When a chemically strengthened glass is used, the
rigidity is high, which is thus preferable. In this invention, the surface
roughness of the main surface of the substrate is preferably 6nm or less in

15 Rmax and 0.6nm or less in Ra. By providing such a smooth surface, a gap
between perpendicular magnetic recording layer - soft magnetic layer can be
set constant so that it is possible to form a suitable magnetic circuit between
magnetic head - perpendicular magnetic recording layer - soft magnetic layer.

[0103]

20 it is also preferable to form an adhesive layer between the substrate
and the soft magnetic layer. By forming the adhesive layer, the adhesion
between the substrate and the soft magnetic layer can be improved and
therefore it is possible to prevent stripping of the soft magnetic layer. As a
material of the adhesive layer, use can be made of, for example, a Ti-containing

25 material. Interms of practicai use, the thickness of the adhesive layer is
preferably set to 1Tnm to 50nm.

[0104]

In the perpendicular magnetic recording disk, it is preferable to provide



37 In the case of each of the magnetic di sks obtained in

Conpar ati ve Exanples, the difference (MMRq STDEV (OD-MD)) between

standard devi ati ons of m crowavi nesses in the circunferenti al

di rection exceeded 0.04nm (0.4A) and the ratio (MMRq STDEV (OO MD))

bet ween standard devi ati ons of 5m crowavi nesses in the

circunferential direction exceeded 1. l.3As a result, the touch-down

hei ght (TDH) exceeded 5nm and thus it was only applicable as a
magneti c disk up to 80G [0136] [Table 1] 10Radial Direction

Dubof f

MVRg M cr O\N%Vdrgt%ét?\/el IE%)En%e Q}p%ntliigmgp }nieaSr'rlletﬁ:'?ggor&-lPlElIé.ylécr!g'By”Erg{riding

OD- MD

10

15

20

25

the protective layer, it is possible to protect the surface of the magnetic disk
from the magnetic recording head flying over the magnetic disk. As a material
of the protective layer, a carbon-based protective layer, for example, is
preferable. The thickness of the protective layer is preferably about 3nm to
nm.

(0105]

It is preferable to further provide a lubricating layer on the protective
layer. By providing the lubricating layer, abrasion between the magnetic head
and the magnetic disk can be suppressed so that the durability of the magnetic
disk can be improved. As a material of the lubricating layer, PFPE
(perfluoropolyether), for example, is preferable. The thickness of the
lubricating layer is preferably about 0.5nm to 1.5nm.

[0106]

it is preferable that the soft magnetic layer, the underlayer, the adhesive
layer, and the protective layer be also formed by the sputtering method. In
particular, the DC magnetron sputtering method is preferable because uniform
film formation is enabled. |t is also preferable to use an in-line type film
forming method. Further, the lubricating layer is preferably formed by, for
example, a dip coating method. ‘

[0107]

The magnetic disk and its glass substrate according to this invention
are also applicable to a discrete-type medium.

[0108]

A magnetic disk manufacturing method of this invention comprises

a step of producing the glass substrate for the magnetic disk according
to Configuration 1 or 2 or Configuration 11 or 12 described above, and

a step of forming at least a magnetic layer over the surface of the glass
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substrate for the magnetic disk (Configurations 10 and 20).

[0109]

The step of producing the glass substrate for the magnetic disk
manufactures a glass substrate for a magnetic disk having the feature
described in Configuration 1, 2, 11, 12, or the like (the feature that the difference
or ratio between the microwavinesses Rq of the respective regions selected
with respect to the two places falls in the predetermined range) in, for example,
lapping and polishing processes.

[0110]

More specifically, the step of manufacturing the glass substrate for the
magnetic disk comprises, for example, (1) Rough Lapping Process, (2) Shaping
Process, (3) End Face Polishing Process, (4) Precision Lapping Process, (5)
First Polishing Process, (6) Second Polishing (Final Polishing) Process, (7)
Cleaning Process, (8) Chemical Strengthening Process, (9) Cleaning Process,
and (10) Evaluation Process. For example, by controlling the properties of a
polishing pad (polishing cloth), the polishing conditions, and so on in the
polishing processes, particularly by controlling the properties of a polishing pad
(polishing cloth), the polishing conditions, and so on in the second polishing
{final polishing) process, it is possible to manufacture a glass substrate for a
magnetic disk having the above-mentioned feature.

[0111]

Hereinbelow, Examples and Comparative Examples will be described.

[0112]

(Examples 1 to 5, Comparative Examples 1 to 5)

Fig. 6 is an exemplary diagram for explaining the structure of a
perpendicular magnetic recording disk manufactured in Examples 1 to 5 and
Comparative Examples 1t0 5. Hereinbelow, a manufacturing example of a

perpendicular magnetic recording disk will be described with reference to Fig. 6.
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[0113]

An amorphous aluminosilicate glass was molded into a disk shape by
direct press, thereby producing a glass disk. This glass disk was lapped,
polished, and chemically strengthened in sequence, thereby obtaining a smooth

5 nonmagnetic glass substrate 1 in the form of a chemically strengthened glass
disk. The glass substrate 1 is a 2.5-inch glass substrate with an inner diameter
of 20mm and an outer diameter of 65mm (inner peripheral end 10mm and outer
peripheral end 32.5mm measured from a central portion). The surface
roughness of a main surface of the glass substrate 1 was measured by an AFM

10  (atomic force microscope) and it was a smooth surface shape with Rmax being
4.8nm and Ra being 0.42nm. Rmax and Ra follow Japanese Industrial
Standard (JIS).
[0114]
By controlling the properties of a polishing pad, the polishing conditions,
15 and so on in the polishing process, there were manufactured glass substrates
for magnetic disks, each having a value of Duboff, an average value of
microwaviness (MW-Rq) over the entire surface of the substrate, a value of the
difference (MW-Rq (OD-MD)) between microwavinesses in the radial direction,
and a value of the ratio (MW-Rq (OD/MD)) between microwavinesses in the
20 radial direction, which are shown in Table 1.

[0115)

By controlling the properties of a polishing pad, the polishing conditions,
and so on in the polishing process, there were manufactured glass substrates
for magnetic disks, each having a value of Duboff, an average value of

25 microwaviness (MW-Rq) over the entire surface of the substrate, a value of the
difference (MW-Rq STDEV (OD-MD)) between standard deviations of
microwavinesses in the circumferential direction, and a value of the ratio

(MW-Rq STDEV (OD/MD)) between standard deviations of microwavinesses in
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the circumferential direction, which are shown in Table 2.

[0116]

Then, using an evacuated film forming apparatus, an adhesive layer 2
and a soft magnetic layer 3 were formed in sequence on the obtained glass
substrate 1 in an Ar atmosphere by the DC magnetron sputtering method. In
this event, the adhesive layer 2 was formed by the use of a Ti target so as fo be
a Ti layer having a thickness of 20nm. On the other hand, the soft magnetic
layer 3 was formed by the use of a CoTaZr target so as to be an amorphous
CoTaZr (Co:88at%, Ta:7.0at%, Zr.4.9at%) layer having a thickness of 200nm.

[0117]

Then, using an evacuated single-wafer stationary facing type film
forming apparatus, a first underlayer 4a, a second underlayer 4b, a
ferromagnetic layer 5, a spacer layer 8, a laminated layer 7, and a
carbon-based protective layer 8 were formed in sequence on the obtained
substrate in an Ar atmosphere by the DC magnetron sputtering method.

[0118]

Specifically, on the substrate finished with the film formation up to the
soft magnetic [ayer 3, the first underlayer 4a made of amorphous NiTa
(Ni:45at%, Ta:55at%) and having a thickness of 10nm and the second
underlayer 4b made of Ru and having a thickness of 30nm were first formed.
Herein, two layers each made of Ru may be formed instead. That is, by
forming the upper-layer side Ru at a gas pressure of nitrogen (N) gas higher
than that used when forming the lower-layer side Ru, the crystal orientation can
be improved.

[0119]

Then, using a hard magnetic target made of CoCrPt containing SiO,,
the ferromagnetic layer 5 of 18nm having a hcp crystal structure was formed.

The composition of the target for forming the ferromagnetic layer 5§ was
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Co:62at%, Cr:10at%, Pt:16at%, Si0;:12at%. The ferromagnetic layer 5 was
formed at a gas pressure of 30mTorr.  Then, the spacer layer 6 made of Pd
and having a thickness of 0.9nm was formed. Further, the laminated layer 7 in
the form of alternately laminated films of CoB and Pd was formed. CoB was
first formed into a film of 0.3nm and, thereon, Pd was formed into a film of
0.9nm. Accordingly, the total thickness of the laminated layer 6 was 1.2nm.
The laminated layer 7 was formed at a gas pressure of 10mTorr lower than that
used when forming the ferromagnetic layer 5.

[0120]

Then, using a mixed gas containing 18vol% hydrogen in Ar, a carbon
target was sputiered, thereby forming the carbon-based protective layer 8 made
of hydrogenated carbon. The thickness of the carbon-based protective layer 8
was 4.5nm. Since the film hardness is improved in the form of hydrogenated
carbon, it is possible to protect the perpendicular magnetic recording layer
against an impact from a magnetic head. Thereafter, a lubricating layer 9
made of PFPE (perfluoropolyether) was formed by the dip coating method.

The thickness of the lubricating layer 9 was 1nm.

[0121]

Through the manufacturing processes described above, the
perpendicular magnetic recording disk was obtained. The surface roughness
of the obtained perpendicular magnetic recording disk was measured by the
AFM in the same manner and it was a smooth surface shape with Rmax being
4.53nm and Ra being 0.40nm.

[0122]

(Evaluation)
Tables 1 and 2 and Figs. 11, 12, 13, and 14 show the results of various

measurements of the surfaces of the glass substrates and the magnetic disks

thus obtained.
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[0123]
The measurement conditions and so on are as given at (1) to (3) below.
[0124]
(1)  Duboff is measured using a small-size surface roughness
S measuring apparatus (SURFTEST 8J-624 manufactured by Mitutoyo
Corporation) being a stylus surface roughness meter. A measurement object
is a glass substrate (before film formation).
[0125]
(2} "Microwaviness MW-Rq" is measured using a laser Doppler
10 vibrometer (Optical Process Certifier M4224) manufactured by THoT
Technologies, Inc.
[01286)
Measurement regions are two places, i.e. an outer peripheral end
portion (OD: fixed-point observation at a position of radius r=31.5 {£0.05)mm)
15 and a central portion (MD: 1 to 2mm square regional cbservation at a position of
radius r=25+3mm) in the radial direction, and the average value and the
standard deviation of data measured continuously along the circumferential
direction at the same radius are derived with respect to each of the
measurement regions (see Fig. 1).
20 [0127]
A wavelength band is set to 60 to 500um.
[0128]
A measurement object is a magnetic disk (after film formation).
[0129]
25 Herein, the measurement conditions of the laser Doppler vibrometer
manufactured by THoT Technologies, Inc. are shown in Table 3. For example,
short wavelength 100pm and long wavelength 500um represent that the

measurement is performed in a wavelength band or bandpass of 100 to 500um.
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[0130]

(3) The touch-down height (TDH) is examined by a touch-down
neight evaluation method.

[0131]

A measurement object is a magnetic disk (after film formation).

[0132]

In the case of each of the magnetic disks obtained in Examples, the
difference (MW-Rq (OD-MD)) between microwavinesses in the radial direction
was 0.02nm or less (0.2A or less) and the ratio (MW-Rq (OD/MD)) between
microwavinesses in the radial direction was 1.1 or less. As a result, the
touch-down height (TDH) became 5nm or less and thus it was applicable as a
magnetic disk of 160G or more.

[0133]

In the case of each of the magnetic disks obtained in Comparative
Exampies, the difference (MW-Rq (OD-MD)) between microwavinesses in the
radial direction exceeded 0.02nm (0.2A) and the ratio (MW-Rq (OD/MD))
between microwavinesses in the radial direction exceeded 1.1. As a result, the
touch-down height (TDH) exceeded 5nm and thus it was only applicable as a
magnetic disk up to 80G.

[0134]

In the case of each of the magnetic disks obtained in Examples, the
difference (MW-Rq STDEV (OD-MD)) between standard deviations of
microwavinesses in the circumferential direction was 0.04nm or less (0.4A or
less) and the ratio (MW-Rq STDEV (OD/MD)) between standard deviations of
microwavinesses in the circumferential direction was 1.1 or less. As a result,
the touch-down height (YDH) became 5nm or less and thus it was applicable as
a magnetic disk of 160G or more.

[0135]
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In the case of each of the magnetic disks obtained in Comparative
Examples, the difference (MW-Rq STDEV (OD-MD)) between standard
deviations of microwavinesses in the circumferential direction exceeded 0.04nm
(0.4A) and the ratio (MW-Rq STDEV (OD/MD)) between standard deviations of

5 microwavinesses in the circumferential direction exceeded 1.1.  As a result, the

touch-down height (TDH) exceeded 5nm and thus it was only applicable as a
magnetic disk up to 80G.

[0136]
[Table 1]

10 Radial Direction

Microwaviness Index
Duboff | MW-Rq of this Invention (Rq) TDH Judg-
OD-MD | OD/MD ment
(nm) A) A ) (nm)
1 10 1.50 0.178 1.08 4.82 o}
2 1 1.43 0.137 1.05 4.55 o}
Example 3 12 1.38 0.161 1.07 463 0
4 13 1.44 0.166 1.08 4.67 o}
5 15 1.64 0.114 1.05 4.34 o
1 11 1.38 0.335 1.17 5.83 X
2 11 1.52 0.309 1.14 5.63 X
C%";S,?fgféve 3| 13 | 151 | 0288 | 114 |546| x
4 14 1.62 0.323 1.19 5.53 X
5 15 1.57 0.274 1.13 5.44 X

o: TDH=5nm x: TDH > 5nm
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[0137]
[Table 2}

Circumferential Direction

Microwaviness Index
Duboff | MW-Rq of this Invention (Rq) TOH | Judg-
OD-MD | OD/MD ment
{nm) A) A) (-) (nm)
1 10 1.50 0.031 1.09 4,82 0
2 11 1.43 0.027 1.05 4.55 o
Example 3 12 1.38 0.030 1.06 4.63 0
4 13 1.44 0.031 1.07 4.67 0
5 15 1.64 0.019 1.05 4.34 0
1 11 1.38 0.068 1.18 5.83 X
2 11 1.52 0.059 1.16 5.63 X
C%Tg,?{&gve 3 13 1.51 0.051 1.14 5.46 X
4 14 1.62 0.057 1.16 5.53 X
5 15 1.57 0.051 1.15 5.44 X

O:TDH=<5nm x:TDH > 5nm

5 [0138]
[Table 3]
Short L.ong : Spindle
Wavelength | Wavelength R(?ndr:%s Speed ,Iigf;e;
(um) {um) (rom) g
Micro \Waviness 100 500 15-31.5 5050 5
Nano Waviness 60 160 15-31.5 4650 5
[0139]

While this invention has been described with reference to the
embodiment, the technical scope of this invention is not limited to the scope of
10  the description of the above-mentioned embodiment. it is obvious to a person

skilled in the art that various changes or improvements can be added to the
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above-mentioned embodiment. It is clear from the description of claims that
the modes added with such changes or improvements can also be included in

the technical scope of this invention.
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[ Tabl e 3]

Short Wavel ength (pm Long Wavel ength (Pn) Radius (nm

Spi ndl e Speed (rpm
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CLAIMS

1. A glass substrate for a magnetic disk, wherein the glass substrate is
configured such that, in regions with respect to two places arbitrarily selected on a
surface of the glass substrate on a central portion side relative to an outer peripheral
end, a surface shape with a shape wavelength in a band of 60 to 500um is extracted
from surface shapes in each of the regions and, assuming that a root mean square of
the surface shape is given as a microwaviness (MW-Rg), a difference between the
microwavinesses (MW-Rq) of the regions is 0.02nm or less,

wherein the two places are an outer peripheral end portion of the disk and a
central portion of a recording/reproducing area of the disk,

wherein the outer peripheral end portion of the disk is a region falling within a
predetermined distance inward and outward from a point located 1.0mm inward from
an outer peripheral end of the disk toward a center of the disk,

wherein the microwaviness (MW-Rq) of the outer peripheral end portion is
greater than the microwaviness {(MW-Rq) of the central portion of the
recording/reproducing area,

wherein the microwaviness (MW-Rq) is measured using ;a laser Doppler
vibrometer,

2. A glass substrate for a magnetic disk, wherein the glass substrate is
configured such that, in regions with respect to two places arbitrarily selected on a
surface of the glass substrate on a central portion side relative to an outer peripheral
end, a surface shape with a shape wavelength in a band of 60 to 500um is extracted

from surface shapes in each of the regions and, assuming that a root mean square of
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160 15-31.5 4650 5 [01391 Wiile this invention has been descri bed
with reference to the enbodi nent, the technical scope of this
invention is not limted to the scope 4ff 10 the description of the
above-nentioned enbodinent. It is obvious to a person skilled in the
art that various changes or inprovenents can be added to the 39

the surface shape is given as a microwaviness (MW-Rq), a ratio between the
microwavinesses (MW-Rq) of the regions is 1.1 or legs,

wherein the two places are an outer peripheral end portion of the disk and a
central portion of a recording/reproducing area of the disk,

wherein the outer peripheral end portion of the disk is a region falling within a
predetermined distance inward and outward from a point located 1.0mm inward from
an outer peripheral end of the disk toward a center of the disk,

wherein the microwaviness (MW-Rq) of the outer peripheral end portion is
greater than the microwaviness (MW-Rq)} of the central portion of the
recording/reproducing area,

wherein the microwaviness (MW-Rq) is measured using a laser Doppler
vibrometer.

3. A glass substrate for a magnetic disk according to claim 1 or 2,
wherein the regions are two regions each extending along a circumferential direction
at the same radius with respect fo the two places selected.

4. A glass substrate for a magnetic disk according to claim 1 or 2,
wherein an outer peripheral end portion shape of the glass substrate is a shape
falling within a range of £30nm with respect to a main surface as a reference plane.

5. A glass substrate for a magnetic disk according to claim 1 or 2,
wherein the glass substrate is for use with a magnetic head having a flying height of
5nm or less.

6. A glass substrate for a magnetic disk according to claim 1 or 2,
wherein the magnetic disk is a magnetic disk for a load/unload system.

7. A magnetic disk having at least a magnetic layer formed over a



above-nentioned enbodinent. It is clear fromthe description of
clainms that the nodes added with such changes or inprovenents can

al so be included in the technical scope of this invention. 40 CLAI M
1. A glass substrate for a magnetic di4k, wherein the glass substrate
is configured such that, in regions with respect to two pl aces
arbitrarily selected on a surface of the glass substrate on a central
portion si d& relative t% an (%uter peri pheral epd, a surface shape
with a shipB9e@ LAt Hoslats Tommagpetsrisacsomiing toclawt t oc-ed from
surface shapes in each of the regions and, assumng that a root mean
square of the sBrface®BREPHIG dislynaapfagtaring metogwermprisig thameRs o a

di fference between the m crowavi nesses (MMRq) of the regions is

0. 02nm or | ess, Producing a glpgs aybtiatrefor gomppaktiesdigly aceardipg te claim 1 or 2,
peri pheral end portion of the disk and a central portion of a

recor di ngPPeproduci ng area of the di sk, wherein the outer
peri pheral end portion of the disk is a region falling within a
predet er mi ned diosninges lasthvamigasiic leueneved afsudaccaofghe glass edztratk for tem
inward froman outer peripheral end of the disk toward a center of

t he di sk, magnetic diskvher ei n t he m crowavi ness (MW¥ Rg) of the outer

peri pheral end portion is greater than the m crowavi ness (MMRq) of
the central por®.ion & ghbesumstrataliong/magpretiddisknghateahe glass substrate is
wherein the mcrowaviness (MMRq) is neasured using a | aser Doppl er
Vi br orret econfigured such2thail irg keigensswitls taspleet footwoaplamgnabitrarigi sdhectasther @i n
the glass substrate is configured such that, in regions with respect

to two pl aoesceasfhihd glass bybsiateoh adedRaldosibh Seereiitive e aBloass peripheral
substrate on a central portion side relative to an outer peripheral

end, a sueh@GesEhRB&hAbd RitR asstn@pewml@h%ngf? B HaRd af BO M 506,rR @ &Qraefd@Pm

is extracted fromsurface shapes in eac the regi ons and, assum ng

that a rogbmnRmacs gheed iPbactidf thB edidHs AL 28K that 9r¥&Méh Suare of
m crowavi ness (MM¥Rq), a ratio between the m crowavi nesses (MMRg) of

the regi o kerfdbelsidpel Bi §iven as a mbRidRAHRsE NRIVIYR) PL aGifS<AEE bRllveen

outer peripheral end portion of the disk and a central portion of a

recor di ngkiARA AU 4HIENS 0f T i ' - Ir b <0

peri pher al aend porti IOII:'l gf t he 'ﬁ??ﬁ%gé%aesr(ygygﬁ)}M;ﬁﬁ‘?rﬁ%blém&fﬁi ﬁ'bgﬁm or

predet er njgagd di stance inward and outward froma point |ocated 1.0mm

inward froman outer peripheral end of the disk toward a center of

t he di sk, Il 1 CLO i ‘M@l . uf,.

peri pheral end Vﬁ%%}’lefﬁotﬁé P‘Aslé g%&g% g'ﬁe %\ﬁélﬁtgfﬁ%” m crI ?ﬁﬁ&?ﬁ'&’@}sﬁ%@ﬁ/@‘%ﬁr‘%ﬁ

the centr - . r di repr ing area, wherein
%@%ﬁéé@&?ﬁﬁé Eéqc)%?qlré&ﬁeérgdu%m& ard 1d tH§ d||

the mcro asured usT ng Ser Doppl er vibrom
eter. A gl ass, substrate for a net.i c. di sk. a r di to
claim1 or 2, iy ErigRder Rl 2y RuBr A BRI s R eR Faft Wi =
along a circgunferential direction at the sanme radiu 1 t.h respect to
the tvo pPEEBErEedddence hiah dh Ghwardrad E e daoplact] biet EVREG et
di sk according to,.claim 2, erejn an outer peripheral end
por t on SHABAGpSE P of et Gvard & ceRaigEe ¥R 1 hg v thin a
range of 30nmw th ,relggec,t to a main surface as a reference plane..
5. A glass substheiei themigravgyingss EMW-BR) akber ditergrerherahiend pogionois
wherein the glass substrate is for use with a magnetic head having a
f1ying hef@aterothannihgr miseawaviness (MW-Ba) aofyl thes cgnisak rpartiorf oef athe

magnetic disk according to claim1l1 or 2, wherein the magnetic disk is
a magnet i ©cgidyg/earodycinggefaunl oad syst em

wherein the microwaviness (MW-Rq) is measured using a laser Doppler

vibrometer.



7. A magnetic disk having at |east a magnetic |ayer forned over a 42
surface of a glass substrate for a magnetic di sk according to claim1
or 2. 8. A magnetic di sk manufacturing nethod, conprising the
steps of: producing a glass substrate 43r a magnetic di sk according
toclaim1 or 2, and formng at |l east a nagnetic |ayer over a
surface of the glass substrate for the magnetic disk. 9. A

gl ass substrate for-a magnetic disk, wherein the glass substrate is
confi gured such'Phat ,ABlRSs eghdiate lor eHnagngtie diski whergtn e glass substrate is
arbitrarily selected on a surface of the glass substrate on a central
portion sicAefigusedsuchethad iamegonsewith sespshkicalwoepldcesaarbitrafiycesletiegen a
with a shape wavel ength in a band of 60 to 500pmis extracted from
surface sldipese fiJfrth@ﬂ%SS cfibstrate pegicenialauitioraside ndlatiyettban cateretipheran
square of the surface shape is given as a mcrowaviness (MMRq), a

di f f er encenbet weacesthape it adshapatwavakength it aebamid of G0AY 50BNE 6 extiddiddq)

of the regions is 0.04nm or |ess, wherein the two places are
an out er peni phiEcalshape ipeath ofithefreditres ahids kssumaing tree Btrbet meT $duare of
a recordi ng/ reproduci ng area of the disk, wherein the outer

per i pher atheesutfquerdhiapa iofivehasdi skcrowadingsegiMwi-H) 4 irft® WétivBEm séandard
predeterm ned di stance inward and outward froma point |ocated 1.0mm

i nwar d fr deviatioreuf éite pR¥dRVETeabeLOMWVORG i dTehdieElonk VAR @r Risgent er  of
t he di sk, wherein the mcrowaviness (MMRg) of the outer

peripheral end wRérfeindfeitfo praeas afe Ahaitet BerifHeFA QHB \WoRRPSOF (ANBR hndth
the central portion of the recording/reproducing area,

wher ei n tb@ntrﬂ'igg@.\sﬁwraeé&{cgmwddoﬁwg@a%fﬁ@ d’r&?{i ng a laser Doppl er
. e

vi brom et er. A gl ass substrat or a magnetic disk,

wherein the gl aggerginang Bﬁfe?pgr%r%%fehlg%ﬁ%g%f'% difefsa fe ioﬁ?&iixﬁ@gm%g

respect to two places arbitrarily selected on a surface of t
substrate f L ' ' '
ond, & sulf e ERRL R R b St E ey R A3kl PR BV BRT S
i's extrached, for e?s%gér@eﬁa of IHRRAS {oNaRPL Bofily defife BRQ! ONS and, assumi ng

that a root neah s e of the sur ape 1s glven as a

e
di sk and '%éae\rﬁ?rt%rﬁp%r%t ﬁhﬁmg‘f @%%gcéﬁg‘f'ﬁgy r8€r@8uc§%§alar Qg Pﬂethe

di sk, oG dir%r%reidncﬁ he outer peripheral end portion of the disk is
a region te5PIY W Hggr?)ar'edet erm ned di stance inward and outward
froma point located 1.0mminward f outer peripheral end of the
disk toward a cENEF %‘F PIFEOVER eSS (MW Ha) 'WF%?"EEC{ NEINgi 2 laRfEVP RS
(MMRqg) of,the outer peripheral end portion is greater than the
m cr owavi HBCS!RiNV Rq) of the central portion of the
recor di ng/ r epr oduci n%aar ea, wherein the m crowavi ness (MVMRq)
i s measured usitg a Pagléss BEpsiTale Qi & magsells disk accordingitp, claimyPaers10,
substrate for a magnetic disk according to claim9 or 10, wherein the
regi ons aveereliothe degienssaisdwr regioan 8reiyexerrting alopo aceiiehmfesemtiahdirection
direction at the sanme radius with respect to the two places sel ected.
12. A gl adidhe goeradies wigh respaeigadrg wodiiatessstsstading to claim 9 or 10,
wherein an outer peripheral end portion shape of the glass substrate
is a shape fallfi2ag wh @ase gubshiatee fasfa Btagnetié tiskrazspmioty tooclairmi or 10,
surface as a reference plane.

wherein an outer peripheral end portion shape of the glass substrate is a shape

falling within a range of +30nm with respect to a main surface as a reference plane.

13. A glass substrate for a magnetic disk according to claim 9 or 10,



13. A glass substrate for a magnetic disk according to claim9 or 10,
44 wherein the glass substrate is for use wwth a nmagnetic head havi ng

a flying height of 5nmor |ess. 14. A glass substrate for a
magnetic di sk according to claim9 or 440, wherein the magnetic disk
is a magnetic disk for a | oad/unload system 15. A magnetic

di sk having at | east a magnetic |ayer fornmed over a surface of a

gl ass substrate for a magnetic disk according to claim9 or 10.

16. A magMéerein heswasmpubsiateus forgiseeviiios magpatis headipvingea dyieg deight of
produci ng a gl ass substrate for a magnetic disk according to claim?9
or 10, an§hmorless. forming at | east a nagnetic |ayer over a surface
of the glass substrate for the magnetic disk. 17. A gl ass
substrate for al4mgned iblesdissikstzate dorda mgagretic Idsknadcordng ® oleim @, or 10,
wherein an average val ue of the m crowaviness (MMRgq) is 0.4 nm or

| ess. wherein th@. magrgitia disk ssib stagaetic disk foa aneaii@tioad slisskn.accordi ng to
claim1, 2, 9 or 10, wherein the mcrowavi ness (M¥Rq) is neasured by
an average val uts.and A nstgantiadiskdesral Bbieast adabgneteaaysrefbrmed over a
continuously along a circunferential direction at the same radi us and

deri ved wstfifedessfpegidsst subetath fafa ihhgndtegiisknstcording to claim B%r 8.
per pendi cul ar magnetic recording di sk, conprising: at |least a

per pendi cul ar negnet iRmég@&fod:iidﬂ@nérﬂ)f@cftuﬁ@rﬁ@%o@,\/@fmﬁrféﬁlggh@&éps of:
substrate according to claiml1, 2, 9 or 10. 20. A hard disk

drive, conprisimgdudig bapsds dUBSrABINCH infadhbK dRR GRESHING th Qldiha B 1o,
2, 9 or 10, and a magnetic head.
and
forming at least a magnetic layer over a surface of the glass substrate for the
magnetic disk.
17. A glass substrate for a magnetic disk according to claim 1, 2, 9 or 10,
wherein an average value of the microwaviness (MW-Rq) is 0.4 nm or less. -
18. A glass substrate for a magnetic disk according to claim 1, 2, 9 or 10,
wherein the microwaviness (MW-Rg) is measured by an average value and a
standard deviation of data measured continuously along a circumferential direction at
the same radius and derived with respect to each of the regions.
19. A perpendicular magnetic recording disk, comprising:
at least a perpendicular magnetic recording layer formed over the glass
substrate according to claim 1, 2, 9 or 10.
20. A hard disk drive, comprising:

at least the magnetic disk according to claim 1, 2, 9 or 10, and

a magnetic head.



