DESCRI PTI ON GLASS SUBSTRATE FORA MAGNETI C DI SK, MAGNETI C DI SK AND METHOD OF
MANUFACTURI NG A MAGNETI C DISK 5 Technical Field [0001] This invention
relates to a glass substrate for a nagnetic disk that enabl es high-density
recordi ng and reproduction, to the magnetic disk, and to a 10 nethod of
manuf acturi ng the magnetic di sk. Background Art [0002] As one of

i nformation recordi ng nedia adapted to be nounted in 15 infornation storage
devices, there is known a magnetic di sk adapted to be nmounted in a hard
disk (HDD). In recent years, it is strongly required to inprove the
recordi ng capacity of the nagnetic:QE%@RgﬁﬁCFhus 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
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necessary to make smMQERes E?O‘FUMkiﬁﬂﬁ@fUHmWﬂéNEleeiﬁI@K 25 [0004] In

order to extend the recording area, I'S necessary to ensure as large as
possi bl ega snooth region of the main surface. However, depending on
polishing conditions of a glass substrate, a surface-down in which a surface
is 2 |owerefdcheikaltFigld to a main surface of the glass substrate or a
surface-up (hereinafter referred to as a rise) relative to the main surface
occurs at an out ef0001]

This invention relates to a glass substrate for a magnetic disk that
enables high-density recording and reproduction, to the magnetic disk, and to a

10  method of manufacturing the magnetic disk.

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



peri pheral end portion of the substrate. When the magnetic head flies over
the nmagnetic disk having such a shape, the head may be inclined at the 5
surface-down or rise portion to nmake its flight unstable, thus causing a
crash. The surface-down or rise portion has been inpeding the extension of
the recording area. [0005] In recent \;;fars, t here have been actively
devel oped a magnetic head 10 attached th a pad for preventing adhesi on of
the magnetic head even if a nmagnetic disk is snoboth and a LUL (Load/ Unl oad)
systemthat enables realization of a |lower flying height. Normally, in the
case of thi Joweledsgistivento a mainrsusfeee of the glaspsutbistratt eka ssrfagmoph and, while
the magnetic disk is stopped, a .magnetic head stands by on the outside of
t he magnet i dhareinafigraefegred do ap Rerises refativecioi the maii suEfage aceuss at PR AUt he
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hi gher-density recording is made possible as conpared with the CSS system
[0006] In vireeoringtdrea, in order to realize a low flight of a magnetic head
in the 25 LUL system there is an invention that achieves a snoothness high
enough for enabl [¢PHi gh-density recordi ng and specifies an outer

peri pheral end portion shape to a predeterm ned value (e.g. specifying a
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magnetic disk is smooth and a LUL (Load/Unload) system that enables
realization of a lower flying height. Normally, in the case of this LUL system, a
surface of a magnetic disk is smooth 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 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. In the 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.
[0006]
In view of this, in order to realize a low flight of a 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



[0007] Patent Document 1: JP-A-2004-265582 5 Disclosure of the Invention
Problemto be Solved by the Invention [0008] However, a problem has arisen
that even if the outer peripheral end 10 portion shape of the glass
substrate is inproved by high-precision polishing or the like, i.e. even if
a surface-down in which a surface is lowred relative to the main surface
of the glass substrate or a surface-up (Tise) relative to the main surface
i s reduced, when the magnetic head flies over a magnetic di sk having such a
shape, the flight of the head becones unstable so that the flying height 15
of the nmagnednablinggutensivnsl ageceising aea trtepaipherye/RAR 582 detai |
hereinbelomﬁfgggg%J Fir§ for exanple, as shown in Fig. 5, in the case of
a gl ass subsh ACHMER dlignetic disk with a dianeter of 65mmg (radi us
32.5nmm), as an in%ﬁﬁ% f 20 an outer peripheral end portion shape (an index
representing the atness of an outer peripheral end portion shape in the

range of pmwth rP%?é}ﬁCﬁoéuﬂ‘l&tg%ﬁ;A-ﬁb'énf-§8§5§§ a reference plane (zero)) of
e of a

the glass substrate, use Is ma arger val ue of maxi mnum di stances b
and c ingpositive and negative directions, respectively, within the range
of a straight line a connecting between two points, 25 i.e. a point A at
radi us r=29.09igtosue of th®inventorat radius r=31.5nm fromthe center of the
substrate, and this value is called (defined as) Duboff. [0010] 1In the
convent i onal Problem thize SoDel diyfthedisventieat er t han 30nm it was 4 possible to
reduce the touch-down height (TDH) at an outer peripheral end portion
position as Dubof 0@ reduced. On the other hand, in the present

However, a problem has arisen that even if the outer peripheral end
10  portion shape of the glass substrate is improved by high-precision polishing or
the like, i.e. even if a surface-down in which a surface is lowered relative to the
main surface of the glass substrate or a surface-up (rise) relative to the main
surface is reduced, when the magnetic head flies over a magnetic disk having
such a shape, the flight of the head becomes unstable so that the flying height
15  of the magnetic head cannot be lowered. This will be explained in detail
hereinbelow.
[0009]
First, for example, as shown in Fig. 5, in the case of a glass substrate
for a magnetic disk with a diameter of 65mme (radius 32.5mm), as an index of
20 an outer peripheral end portion shape (an index representing the flatness of an
outer peripheral end portion shape in the range of tpm with respect to a main
surface as a reference plane (zero)) of the glass substrate, use is made of a
larger value of maximum distances b and c in positive and negative directions,
respectively, within the range of a straight line a connecting between two points,
25 ie. apoint A 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]

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



case where Duboff was 30nmor less, as a result of exam ning the
relationship between Duboff and the touch-down height (TDH) at an outer
peri pheral end 5 portion position (position at radius r 31.5mm, no
correlation was observed as shown in Fig. 15. That is, it was seen that
even if the outer peripheral end portiqp shape of the glass substrate was
inproved, i.e. even if a surface-down in which a surface was | owered
relative to the main surface of the glass substrate or a surface-up (rise)
relative to the main surface was r was 10 not possible to reduce
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[0011]
Next, in the conventional case where the average value of the
microwaviness (MW-Rq) (definition and so on will be described later) over the
15  entire surface of a substrate was greater than 4A, 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 surface 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 31.5mm), no correlation was observed as shown in Fig. 16. That is, 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



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 exam ning 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 between mcrowavi nesses (definition and so on
W Il be described later) neasured in the respective regions satisfies a
certain predetermined relationship, it is not possible to realize a
reduction in flying height of a magnetic head. [0014] 15 Specifically, for
exanpl e, as teuglwdown height largely imppeated).i onshi p between the difference
(radial direction MMRg (OD-MD): neasured in a wavel ength band of 60 to
5004m between a KHEwavi ness at an outer peri pheral end portion (e.g. a

iti t di J1=31. 5m0. 05 d ' ' t tral ti
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exam ned an } trong correlation was observed. That is, it
was seen th;%boi%{g r@\%ﬁst%%%tsigr%@gﬁlfo reduce the touch-down height (TDH) at the

outer pemri pheral end portion position by reducing the difference (radial
direction M¥Rq (OD-MD)) between the m crowavi ness at the outer peripheral

end portion NMeghd foe Seiviigtve\Propes at the central portion. 25 [0015] Further,
for exanple, as shown in Fig. 8, the relationship between the ratio (radial

direction M¥Rq ((@18D): neasured in a wavel ength band of 60 to 500m
bet ween a m crowavi ness at an outer peripheral end portion (e.g. a 6
position at radi uésraBBull @FrEXABiIMING iEheausentherpreemtieentens havedatndl porti on
(e.9. a pOSit;[\ailtothgr;[ tmgoardeiglijosnsra:rg%mgﬁr?y s%lr:e(cj:tédhgn ;Osld?fgt-:g g}/\g gPaesis%r&E)st(raBg_D nas
10  and unless the difference or ratio between microwavinesses (definition and so
on will be described later) measured in the respective regions satisfies a certain
predetermined relationship, it is not possible to realize a reduction in flying
height of a magnetic head.
[0014]
15 Specifically, for example, as shown in Fig. 7, the relationship between
the difference (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 position at radius r=31.5mm0.05mm) and a microwaviness at a
central portion (e.g. a position at radius r=25mm+3mm) and the touch-down
20 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 (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-Rqg (OD/MD): measured in a wavelength band of 60 to

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



exam ned and, as a result, a strong correl ation was observed. That is, it
was seen that it was possible to reduce the touch-down height (TDH) at the
outer 5 peripheral end portion position by reducing (making approach 1) the
ratio (radial direction M¥Rq (OD/ MD)) between the m crowavi ness at the
outer peripheral end portion and the n%gromaviness at the central portion.
[0016] Likewse, it was seen that, for exanple, a tendency (correl ation)
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
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m crowavi ness at its outer peripheral end portionis relatively large.
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peri pheral end portion is inproved (reduced), it is not possible to reduce

t he touch- demd patighand TeHnicowavieessiatdhe geniralhpmrtidn.end portion position. 25
[0019] On the other hand, the present inventors have found that, as shown at
(2) in Fig. 2, evé®%8 the microwaviness at a central portion of a disk is

relatively large, . it . is possible to .reduce the touch-down height (T over
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different distances in the radial direction were set as measurement regions.

[0017]
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

15  Figs. 15 and 16. In this invention, the observation of the strong correlation
means that it is possible to surely reduce the touch-down height (TDH) at the
outer peripheral end portion position to a predetermined value.

[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



m crowavi ness at the central portion and the m crowavi ness at the outer
peripheral end portion is small. 5 [0020] As a result of further exam ning

t he above-nenti oned cause, the present inventors have found that when two
regions are arbitrarily selected on a surface of a glass substrate and
unless the difference or ratio between standard deviations of m crowavi ness
(definition and so on will be described later) 10 neasured in the respective
regions satisfies a certain predetermined relationship, it is not possible
to realize a reduction in fly hei ght of a magnetic head. [0021]
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relationship, it is not possible to realize a reduction in flying height of a magnetic
head.
[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=25mmz3mm) 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]



wavel engt h band of 60 to 500n) between a standard deviation of

m crowavi ness at an outer peripheral end portion (e.g. a region along the 5
circunferential direction at radius r=31.5m0. 05m) and a standard devi ati on
of microwaviness at a central portion (e.g. a region along the
circunferential direction at radius r=25mB8nm and the touch-down hei ght
(TDH) was exam ned and, as a result, a strong correl ati on was observed.
That is, it was seen that it was possible to reduce the touch-down hei ght
(TDH) at the outer 10 peri pheral end portion position by reducing (rrakl ng
approach 1) the r&turther, (Q"Q@mﬁ%r@rﬁh%n inifigctd, die raletiRysBiPDEMWeeiivD) )
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(circumferential direction MW-Rq STDEV (OD/MD)) between the standard
deviation of 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.
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 observation 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.



of m crowaviness at its outer peripheral end portion is relatively |arge.
[0026] 5 On the other hand, the present inventors have found that, as shown
at (2) in Fig. 3, it is possible to reduce the touch-down height (TDH) over
the entire surface of a substrate including its outer peripheral end
portion position by providing a surface state where the difference or ratio
bet ween the standard deviations of mcr@waviness at its central portion and
its outer peripheral end 10 portion is small. [0027] This invention has
found that there is a close relationship on the rel ationship between the

m cr owavi nesSofbrofslly! 46 Shivn at ggh.t%ﬁeg%ltsﬂmamé‘rd dvidfpnle! oht (touch- doun

hei ght (TDH)) and y set m crowavi ness in a predeterm ned
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substrate for a magnetic di sk capable of achieving a desired glide height

(touch- down dfenigldwaviridss atiitg metdrpetiphéral and partiohtis eslatdfely rpgelf act uri ng t he
magnetic disk. [0028] 20 This invention has the follow ng configurations.

[ 0029] (Confi guratld@6]1) A gl ass substrate for a magnetic disk, wherein, in
regions with respect to two places arbitrarily selected on a surface of the
gl ass substrate oPthecpthernhand:thg pieseaninuenferskavetfoyed thataes shawr at
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regions is O, BeRAMgY shifs staleWREHk the difference or ratio between the standard
deviations of microwaviness at its central portion and its outer peripheral end
10 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

15 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]

20 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

25 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 roughness Rq of the

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



(Configuration 2) A glass substrate for a magnetic disk, wherein, in regions
wWth respect 5 to tw 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 500mis extracted
fromsurface shapes in each of the regigpns and, assum ng that a root nean
square roughness Rg of the surface shapg is given as a m crowaviness Rq, a
rati o between the 10 m crowavi nesses Rq of the regions is 1.1 or |ess.

[0031] (Configuration 3) A glass substrate for a magnetic disk according to
Conf i gur at i omigrowavipesseashidg of thet tlegionads Pl0Roasordess.an out er peri pheral end
portion of the disk and a 15 central portion of a recording/reproducing area
of the disk. [Ood@P3Qanfiguration 4) A gl ass substrate for a magnetic disk
according to Configuration 3,.. wherein the outer peripheral end portion of
the disk is a poin‘@fJ gUalian 2)onm 20 inward froman outer peripheral end of

Lhe i sk Lovard & Kapket Bhud B Slocbue ik habul ST Oh IR heth L1
sccord s OO WEUESURarl B o MG D ESLBRRRIR L MBNIAC)

respect to tpgrtiondidd Rftrelslafduest pdripBddl enf @Bliffay stdprwith akhapé 9l ass
substrate for a nagnetic disk according to Configuration 1 or 2, wherein an
out er peri phenatleagth ipe@rbamiofBapess 00N isextrhated fauhsturfateshspes islzapke
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
10  microwavinesses Rq of the regions is 1.1 or less.
[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)



falling within a range of 30nmw th respect to a main surface as a reference
plane. 5 [0035] (Configuration 7) A glass substrate for a magnetic disk
according to Configuration 1 or 2, wherein a touch-down height is 5nm or

| ess. [0036] 10 (Configuration 8) A glass substrate for a nmagnetic disk
according to Configuration 1 or 2, mheq in the magnetic disk is a magnetic
disk for a | oad/unload system [0037] (‘Configuration 9) 15 A magnetic disk
having at |east a magnetic |ayer formed over a surface of a glass substrate
for a magnetic disk according to Configuration 1 or 2. #0038]

(Confi guration 10)A glapmguestiaie fpramagneticediskipeeridinatta S@nfiguiiendiorg. t he

steps of: 20 producing a glass, substrate for magnet i i sk. according to
Confi gurat i o‘ﬁh%elﬂa'??“%ﬁaeam?@h portiga shape ﬂgﬁ‘ﬁ&?@% ?%ﬁgﬁ?%Wé"rs@p@ur face
of the gl ass,. g g at for maghnetic disk., [0039 25 (Confiquration 11)
A gl ass subsftaﬁ'ﬁag&”m}gé@%g?\ét%@"ﬁ%ﬁfewgt%’l%, '%S?i%ﬁeo % \Rf{f]:'ﬁerg:gspect to
two pl aces %Qhérarily sel ected on a surface of the glass substrate on a
central poritron side relative to an outer peripheral end, a surface shape
wth a shape 12 ength in a band of 60 to 500mis extracted from

surface shapes in each of the regions and, assum ng that a root nean square
roughness Rq of t K€onfiguration 7)

A glass substrate for a magnetic disk according to Configuration 1 or 2,
wherein a touch-down height is 5nm 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



surface shape is given as a mcrowavi ness Rq, a difference between standard
devi ati ons of the m crowavi nesses Rq of the regions is 0.04nmor less. 5

[ 0040] (Configuration 12) A glass substrate for a nagnetic disk, wherein,
inregions with respect to two places arbitrarily selected on a surface of
the glass substrate on a central portiop side relative to an outer

peri pheral end, a surface shape with a shape 10 wavel ength in a band of 60
to 500mis extracted from surface shapes in each of the regions and,

e m o ovaVR ARGt Scpandtl BUe R s ExraRed Mo HART PoRe 1D RGCN © O
' [ Rg..of th [ is. 1.1 | . [.0041 fi [
13) Agl ace Sibecvapes pBf. SR hpdiRean iyl s RR bl e on 11 or
12, wh [ : ; ' ' f di sk
and & cont r &SRR e R i AIn R KR W hercil A bRRR R T o0l 3)

20 ( Confi gur @&\igmbnkf the HicrowasinB8sdRE of He RgERINEDIdANM sKeggcording to
Configuration 13, wherein the outer peripheral end portion of the disk is a

poi nt | ockated 1.0rMop40)nward from an outer peripheral end of the disk toward
a center of the disk or a region |ocated inward of the point. 25 [0043]
(Configuration 15)(CanfijarstiosdBstrate fora magnetic di sk according to
Configuration 11 or 12, wherein the regions are two regi ons each extending
al ong a ci rcunf er énglaas substrate feica megnatic disls, wherein, iuragions with rasppelct to the
two places St%l tev%tpelgées a[lrggéﬂy 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
10 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.
[0041]
15 (Configuration 13)
A glass substrate for a magnetic disk according to Configuration 11 or
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



(Configuration 16) A glass substrate for a nmagnetic di sk according to
Configuration 11 or 5 12, wherein an outer peripheral end portion shape of
the gl ass substrate is a shape falling within a range of 30nm w th respect
to a main surface as a reference plane. [0045] (Configuration 17) 10 A

gl ass substrate fora magnetic disk accorging to Configuration 11 or 12,
wherein a touch-down height is 5nm or Ié s. [0046] (Configuration 18) A

gl ass substrate for a magnetic di sk according to Configuration 11 or 15 12,
wherein the magnetic disk is a na%netic di sk for a | oad/ unl oad system
[0047] ( Confdigpgtian Rbimersamerathighwith cespesktoriheitwg piaces setacted. magneti ¢ | ayer
formed over a surface. of a glass substrate for a nagnetic disk according to
Configuration 11 &&bﬁﬁ 20 [0048] (Configuration 20) A magnetic disk
manuf act uri ng net .conpri skng the steps of: producing a glass substrate
for a magnetic di2§85%¥5? thé o Configuration 11 or 12, and 25 form ng at

magnet fo drk.  Ef FaREBruRiEty e ARl A al el R Bueh fh
DT oot o1 1 Nt IR, oy PR g opmetie gt 1 @
shape falling within a range of £30nm with respect to a main, surface as a
reference plane.
[0045]
(Configuration 17)
10 A glass substrate for a magnetic disk according to Configuration 11 or
12, wherein a touch-down height is 5nm or less.
[0046]
(Configuration 18)
A glass substrate for a magnetic disk according to Configuration 11 or
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 magnetic disk.

Effect of the Invention



possible to provide a glass substrate for a magnetic di sk capabl e of
achieving a 5 desired glide height (touch-down height), the magnetic di sk,
and a nmethod of manufacturing the magnetic disk. Brief Description of the
Drawings [0050] 10 Fig. 1 is an exenplary diagramfor explaining selected
two places and explaining that use is de of the average value or the
standard devi ation of data neasured continuously along the circunferenti al
direction at the sane radius with respect to each of the selected two

pl aces. Fig. 2 is an exenplary diagramfor explaining an i mge of this
invention. 15 Fi doo@]i s an exenpl ary diagram for expl ai ning an i mage of

this invention. Fjg. 4 i n exenpl ary djagram for explaining a shape
wavel ength. Fig. 5eording BBV RuFgian. by saiindshe BigPurNRSs BIotITacE g, 6 i s
an exenpl ary.di r Wit : HCL L [ icul.ar
magnetic r ec%f?dd?%ﬁ%}lés@ anékr%fe gécr[H tﬂ'ﬁ%d@aﬁ'oéégﬁﬁtrﬁgf?%%qur@ﬁﬁg?%ecmgar ative
Exanples 1t i id ! L : tionis
observed beé)omsleéiebrllg%aﬁ%m Hﬁgggggg%%%ﬁ&(%a%@ (gg%&gg%lblﬁi%g?g@g@ﬁ%%sses in
the radisml gédiredtdligs haht (to0ch-Auen-HimM), fed &IagnétTthi)sk, dridda nfethsd 8f di agr am
for explaining that the correlation is observed 25 between the ratio (MMRq
(OD/ MD) ) betmepofactucingwae megpetsdiskW Rq) in the radial direction and the

t ouch-down height (TDH). Fig. 9 is a diagram for explaining that the

correlation is observed between the difference (MMRq STDEV (0D MD))

bet ween standard deviations 15 of m crowavinesses in the circunferenti al

di rection an@riefiiescrntion abihe Premiigs (TDH). Fig. 10 is a diagram for

expl ai ni ng t hat tg& %ﬁrrel ation is observed between the radio (MM¥Rgq STDEV
(OD/ MD)) between Q8ar d devi ations of

10 Fig. 1 is an exemplary diagram for explaining selected two places and
explaining that use is made of the average value or the standard deviation of
data measured continuously along the circumferential direction at the same
radius with respect to each of the selected two places.

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 observed
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-Rq STDEV (OD-MD)) between standard deviations



5 mcrowavi nesses in the circunferential direction and the touch-down hei ght
(TDH). Fig. 11 is a diagramshowi ng the relationship between the difference
(M¥Rq (OD-MD)) between m crowavi nesses in the radial direction and the

t ouch-down height (TDH) with respect to sanples obtained in Exanples and 10
Conparative Exanples. Fig. 12 is a di agngm showi ng the rel ati onshi p between
the ratio (MMRgq (OD/MD)) between m crowavi nesses in the radial direction
and the touch-down height (TDH) with respect to sanples obtained in

Exanpl es and Conparative Exanples. 15 Fig. 13 is a di agram showi ng the
rel ati onshi pPBRIE Ingssesit fherdseaferepiigl direcioneang the. topgh-dewnvikeightst andar d

devi ati ons o@ 1.crowavi nesses in the circunferential direction and the
t ouch- down h idg'[ht (TDH) with respect to sanples obtained in Exanpl es and

RIS A bR ”
v sl Yo IWGURE ST SDMIBRTLATR oM iER Aty doyn hel on

Exanpl es.5 Figicrdkavitestediimtiediicupiferenphiaiiricion bRdthd@ueRdodridight i s
observed between Duboff and the touch-down height (TDH). 25 Fig. 16 is a

di agram for @®pl)ai ning that no correlation is observed between the
m crowavi ness (MM Rq) and the touch-down height (TDH). Fig. 17 is a diagram
for expl ai ni ng t h&tg.\ifd# atdiagremagiowingy tecietptionsisip bed@eentheddifienencée
correlation between the difference (MMRg (OD-NMD)) 16 between
mi cr owavi nes&BY-R(QRMPhdqedveen migrpwannasrestindhe tgtial-dieatiomangthe (TDH) is
0t 900, P ol s PRV LB et R b By ) Sr
10 Comparative Examples.
Fig. 12 is a diagram showing the relationship between the ratio (MW-Rq
(OD/MD)) between microwavinesses in the radial direction and the touch-down
height (TDH) with respect to samples obtained in Examples and Comparative
Examples.
15 Fig. 13 is a diagram showing the relationship between the difference
(MW-Rqg STDEV (OD-MD)) between standard deviations of microwavinesses in
the circumferential direction and the touch-down height (TDH) with respect to
samples obtained in Examples and Comparative Examples.
Fig. 14 is a diagram showing the relationship between the ratio (MW-Rq
20 STDEV (OD/MD)) between standard deviations of microwavinesses in the
circumferential direction and the touch-down height (TDH) with respect to
samples obtained in Examples and Comparative Examples.
Fig. 15 is a diagram for explaining that no correlation is observed
between Duboff and the touch-down height (TDH).
25 Fig. 16 is a diagram for explaining that no correlation 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))



5 mcrowavinesses in the radial direction and the touch-down height (TDH) is
not good. Fig. 19 is a diagram for explaining that when the shape

wavel ength is 500 to 1000m the correlation between the difference (MMRq
STDEV (OD-MD)) between standard deviations of mcrowavi nesses in the 10
circunferential direction and the touch-gown hei ght (TDH) is not good. Fig.
20 is a diagramfor explaining that wher:l t he shape wavel ength is 500 to
1000m the correlation between the ratio (MWRq STDEV (OD/MD)) between
standard devi ati ons of mi crowavinesses in the circunferential direction and
t he t ouch- dd¥#WRen grerowvapiRpsses indhe gastial. direstion gnd te tosich-ddvwagheightf or

expl ai ni ng t&%%en t he shape wavelength is 10 to 60m the correlation

bet ween t he AP BRLPQAMW Ry (OD-MD)) between ni crowavi nesses in the

ragram for expl ar B FASIRBHCY AP B ybPe ik Ahore WB%1aesbd som 't o
The radi ol doru (oo B8 oottt SohERR AT o TR QBN RNEST ) ' 25

is a diagya kR i : i 60m
Lhe cor r ol at] oW oS i thel aBla] Mt 8 RS BBl [Por R P o

standard dewyaddi ons of m crowavi nesses in the circunferential direction and
t he touch-down height (TDH) is not good. Fig. 24 is a diagramfor explaining
t hat when the shafkéy. idvielastiggram for explainindibiat whbe thoshagdeavavelehgthieen t he
:n'afzir 8@%5@%@% éIN% )@ermﬁéﬁﬁ?'ﬁltpgﬁzgﬁégg%ggﬁicgzmiéégiagfn- down hei ght
(TDH) i nOt(O?JO-R/I%)) gt%ee'xbs(%aemjaorcri dce:eira{i g]sngf r%liétrovfre?veinésns\égrilrg ithoen 5 [0051]
10  circumferential direction and the touch-down height (TDH) is not good.
Fig. 20 is a diagram for explaining that when the shape wavelength is
500 to 1000pm, the correlation between the ratio (MW-Rq STDEV (OD/MD))
between standard deviations of microwavinesses in the circumferential direction
and the touch-down 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-Rq (OD-MD)) between
microwavinesses in the radial direction and the touch-down height (TDH) is not
good.
Fig. 22 is a diagram 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 60um, the correlation between the difference (MW-Rq STDEV (OD-MD))
25 Dbetween 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 60pm, the correlation between the ratio (MW-Rq STDEV (OD/MD))



Her ei nbel ow, this invention will be described in detail. [0052] A glass
substrate for a magnetic di sk according to this invention is such that, in
regions with respect to two places arbitrarily selected on a surface of the
10 gl ass substrate on its central portion side relative to its outer

peri pheral end, a surface shape with a pe wavel ength in a band of 60 to
500mis extracted from surface shapes in each of the regions and, assum ng
that a root nmean square roughness Rq of the surface shape is given as a

m crowavi ness Rq, a. djfference between the m crowavinesses Rq of the |
regions is OP@Z‘%ﬁﬂcﬁtaﬂ%g deyigtiorpef migrowavingsses in theosimumferegtiakdirestiort r at e
for a magnetic,di sk according t IS invention is such that, in regions
with respecta?%g‘twug}ﬂ'gewg rﬁ?ﬂﬂtﬁépb I'%/"‘géoé’gt ed 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 5004mis

extracted fpaeybd area @u.l?:eQﬂGQnt%fn the regions and, assumng that a
q of t

root mean square roughness e surface shape is given as a

m crowavifess Rq, [8051jati o between the m crowavinesses Rg of the regions is
1.1 or less (Configuration 2). 25 [0054] A glass substrate for a nagnetic
di sk accordi ng to Hénembeltone this amveintios wilhbe tlesdribednin detsilons with respect to
two places arbitrarily selected on a surface of the glass substrate on its
central portion si[8@5%/]el ative to its outer peripheral end, a 18 surface
shape with a shape wavelength in a band of 60 to 500p.mis extracted from
surface shapes i n Ad@gs §ibstrate fe@ magnatiridisk aserrding torhis invantien iseah square

e O A T SR R T 0
regions 1-0'3 Oglgéggbﬁ’gtrétgﬁﬁ itg%%mr-h%rﬁ&-ﬁ Qiﬁejrél)ative to its 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 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



[ 0055] A glass substrate for a nmagnetic 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 10 surface shape with a shape wavel ength in a band
of 60 to 500mis extracted from surface shapes in each of the regions and,
assum ng that a root nmean square roughn1(§ss Rg of the surface shape is given
as a mcrowaviness Rg, a ratio between standard deviations of the

m crowavi nesses Rq of the regions is 1.1 or less (Configuration 12). 15
[0056] I n thswfdcewshapewith aishage wheslergthimpbdand df@UQbﬁ@eE,ﬁfihté&ﬂaBteasuri ng
apparatus, a surface shape with a shape wavel ength in a band of 60 to 500m

i s extract edfemewiage Shagesingash df thearegicrsianegassumingithat @ rabtanedrcr owavi ness
is calculated as a root nean square roughness Rq (RMS) of the surface shape.
20 Herein, aSHHAR IRUGhERss Rareftthe sayfagroshapsns givessasrabtieawarioasaRdoaghness
curve in a direction of its centerl|ine and, assumng that the centerline of
this ext ract%here;%?E’PB'YPq"sStPB%‘”f‘rgs‘@r’f@é‘&“%?%’ﬁemB%f%‘ér,‘escsﬁﬁth #fethei recti on of

| ongi t udinal nikigation is renresented by the Y-axis, and that the
roughness§1curre\9g)?\%§s bé@ﬁ%%'&as 6@0 @I“(%onﬂ' uares of deviations fromthe
centerline to the wwhness 25 curve [f(x)] are integrated over the interval
of the measurenent Tength (Q and then averaged over that interval to

derive an aver age AQbueeufiiENa dofeticauREEERD 1Bt Haniyrioaryal ue

The rel ationship w root “nean square roughnes prescri bed by

JI'S B 0601 iat, herepfores wilth fespeletol taddtades dbitratifyscfétiéd 0Ata SRAReAUR €
wavi ness) prescribed by JIS B 0601 is the sane. = [0057] In this invention, a

| aser Doppl eglass sutmtmateon (tb Dehtralgonicresidé oslativeersityy dutgr pévipheuslfengeast at e.
The neasurenent principle of this nmeasuring 5 apparatus is that a He-Ne
| aser belin véurface shape véthg sharfe \838Hength in adaadpif 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 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 Rq (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 to 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



is split into two beans, i.e. a neasurenent beam and a conparison beam and
the phase difference between the two beans is detected, thereby neasuring

t he shape of a neasurenent object based on that phase difference. A feature
of this neasuring apparatus is that it is an optical interferoneter that
irradiates 10 |l aser |ight onto an object, and detects the speed based on the
frequency difference between the i rradi'® ed light and its reflected |ight.
A feature of this neasuring apparatus is that it is possible to neasure a
wi de frequency band fromthe surface roughness to the waviness and that it
i s possi bl e wihMéaéuotmeahesqeate wavisess) poescibea bgisk B 080 ibadné zameal
resolution is about 5mand the 15 vertical neasurenent resolution is 0.001
nm (0.01,4). The d8Pafleter to be obtained is Ry (RVS). [0058] The |aser

Doppl er vibroneter is exenplified bES Optical Process Certifier M224
manuf act ured by THETNIS&RNERYPBGR aser Replepyibfafeeter KDVgas gesbfori n this

i nvention, as the.above-nmentioned two places, it is preferable to select
two pl aces apeaﬁ?wr@r@ﬁts%ég?é%g%s *'F%er?ﬁ%remtgf'ngppecq’féhﬁi@%suﬂﬁgs i's

b t t.] ly. i th

ot hor twe pl SPATE 8 i M ANREReTn i 3R iR R o Ry o SRatpla. 25

[ 0060] 1 n { NisSplif RIMNPBoarh 8!t AfERANEERIIdAN 8fld LD ARER bebltP AkiCl Nt LY
of an outer pgrl pheral “end 'portion (excluding an o\ll}%ber peri pbneral end face,

e a  substeqiitseidiforbacebettochife Hiskedts I GhBEaal therghprbatiy one of

the two places 20 and a place considered to show a typical value of a

recor di ng/ r ethecthape nf aaneasuré@et olfectdrsedlonibat praseafiffédrbfice. A feature
recordi ng/ reproduci ng area, for exanple, an internediate position of a |line

connect i ng beftthiseneasuriog apparaius & thptit ispdreoptical mterferometdrahati irkdliates
preferably selected as the other of the two places 5 (Configurations 3 and
13). Thi ¥ i slaperclighé entoren ebiecteant defacta e apecthbased on the frequency

difference between the irradiated light and its 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 [0059]

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-mentioned 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



strongly as conpared with the case where other two places are sel ected.

[ 0061] For exanple, in the case of a glass substrate for a 2.5-inch magnetic
disk with an inner dianmeter of 20mm and an outer dianeter of 65nmm (inner 10
peri pheral end 10mm and outer peripheral end 32.5nm neasured froma central
portion), the vicinity of an outer periggeral end portion of the disk (e.g.
a fixed point or a region at a radius .50. 05nm position fromthe center
of the substrate) is preferably selected as one place and a central portion
of a recording/reproducing area (e.g. a fixed point or a region at a radius
15 25mBmm pay @ iptacefaonsiderad toesttowr a bipidah valselod arretedirgireprefueirgtdrgasel ect ed
as the other place. The region can be a 0.05 to 3nm square regi on. [0062]
The region (@& wecantil peipnof theneecoding/rapsedysing ateae fat exampieranof t he di sk
is pref erabl_ﬁ forpﬁéa )| e, gqvﬁoi nt located 1.0mminward fromthe outer 20
peripheral eRtPrEEdiaRPesign phadipe comecting befwesn inAer and Rutsr pariphespbn | ocat ed

i d of th i fi i 4 d 14 Fig. 5). This i

gar di s ainddidhe skl s efEnl SBedied S il e Rio plices exarpi e,
1.8-inch,z 2. 5] . - -5 ] b . [L0063 25 In thi

i nvelntn iCon5, i ‘%”@ﬁg'}agf’ gsr gb%”@%% Siﬁ'gt'??B@%Fiﬁ%%ﬁ%ﬁ%%%ﬁ?’]a't m?ﬁ?asﬂr edI ZI ong
ppeenon . . . t . . oA
Lhe sl ect ec gy EmBFleuirtihe cASe vHEFe bilor o BlgcBs ofSBEER  PACH Dl e

to use the typicaloggdjue at the positions of each radius and the 21
accuracy of correlation is inproved thereby. [0064] For exanple, as shown
in Fig. 1, with rd&spesample, dathe ket hegtdssisubstrateploaacss{rchhvaageetisi dt h and B
is one point), it is preferable to use the average 5 value of data neasured
cont i nuous| ydisk witly anheneridigmates véA0inal and ar cutesdiarmetenef 65mm (inner
10  peripheral end 10mm and outer peripheral end 32.5mm measured from a
central portion), the vicinity of an outer peripheral end portion of the disk (e.g. a
fixed point or a region at a radius 31.5£0.05mm position from the center of the
substrate) is preferably selected as one place and a central portion of a
recording/reproducing 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 regardless 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



sanme radius fromthe center O of a disk as indicated by imaginary |ines.
[0065] In this invention, the nunber of data to be neasured continuously
along the circunference with the sane radius can be properly adjusted. 10
[0066] In this invention, it is alternatively possible to intermttently set
a plurality of neasurenent regions at regular intervals along the
circunferential direction at the sane |2§di us and to use the average val ue
of data neasured in each of the neasurenent regions. 15 [0067] In this
invention, with respect to the selected two places, two regions each

ext endi ng al #eyradyeof orrelativarisimpravedithesehy on at the same radius are set as
measurenent regions, and it is preferable to use the standard deviation of
data neasured inl@R4 of the neasurenent regions (Configuration 15). This

is 20 because it is preferable to incregse.the ramsters of the standard
devi ati on and thé'soé(%ﬂ?‘gley agssh E’WPr"é% q W'tf"éeﬂﬁiﬁf §/e3ch ofesedenied (MD68]  For

has & w di n IAEHA 'EaSF%g“%ﬁ apthe R RS of B ripetle e Sl P (A
devi at i ony of Al g 4R EPBEMPHBLSY B B R E BT FEERY] Al rect i on

at the sane radius ?romt e cen as | gi nary

lines. [006&md madil¥ ﬁomrtﬁé%h@ﬁo 61*'§d|@|éré§¢rﬁdlé’5te@%gqmtaemlé RS Ur ed

continuously along 22 the circunference with ane ra I us can be
properly adjusted[00g5)070] In this invention, it is alternatively possible
tointermttently set a plurality of measurenment regions at regul ar
interval s al ong t lethis myvenfier,¢he namber obddta dob8 negasiihed samtmubasly atorgnd t o
use the standard devi ation of data neasured in each
the circumference with the same radius can be properly adjusted.
10 [0066]

In this invention, it is alternatively possible to intermittently set a plurality
of measurement regions at regular intervals along the circumferential direction
at the same radius and to use the average value of data measured in each of
the measurement regions.

15 [0067]

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 to increase the parameters of the standard deviation
and the accuracy of correlation is improved thereby.

[0068]

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



of the measurement regions. [00711 In this invention, it is preferable to
extract a surface shape with a shape wavelength in a band of 60 to 500m
fromsurface shapes in the nmeasurenent 10 region. As shown in Fig. 4, the
shape wavel ength represents the di stance between adjacent troughs or the

di stance between adj acent peaks. [0072] . Wen the shape wavelength is 500 to
1000m the correlation is not good everf4 f nmeasured under the sane
conditions as in Figs. 7, 8, 9, and 10 15 (see Figs. 17, 18, 19, and 20).
[0073] Wien the shape wavelength is 10 to 60m the correlation is not good
even i f neasthectrcumdenencéwitbdhe sawedadiusican de prapéiygadjusteds, 9, and 10 (see
Figs. 21, 22, 23, and 24). 20 [0074] Fromthe above, it is seen that the
upper linit of thd0QHlpe wavel ength is preferably about half the head size.
Ther ef ore, when tge head si.ze reduced in the future, the upper limt of

t he shape wavel en f’Ijih'Fé”V&"QPB’ri%ils?Ii}tegéa(ﬁve‘cyd’oéﬁl & toraiermitieatly sgka glusality

di ngly. 0075 his | i h . i pher al . end i
253% of t ﬁﬁ"féﬁsé%“fgﬁ?ﬂt Faclohs st eiTek et a&@ﬁhfgé"gﬁﬁ%ﬁqﬁl‘ﬁﬁ%dfrﬁ?w °Fange
CCont 1 gurht 1 2 R8He folus' Ay B<g B BB el & ERE AT i cagho o i ped

above is 30ngAE mhékbirerhBft re§fohgct of the application of this invention
| argely appears. Further, this is because when Duboff is greater than
30rim it is possi[pprilto reduce the 5 touch-down height (TDH) at the outer
peri pheral end portion position to a

In this invention, it is preferable to extract a surface shape with a shape

wavelength in a band of 60 to 500um from surface shapes in the measurement
10 region. As shown in Fig. 4, the shape wavelength represents the distance
between adjacent troughs or the distance between adjacent peaks.

[0072]

When the shape wavelength is 500 to 1000um, the correlation is not
good even if measured under the same conditions as in Figs. 7, 8, 9, and 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).



certain limt by reducing Duboff. [0077] In this invention, a magnetic head
is preferably a nmagnetic head for a perpendicular magnetic recording
medium In particular, it is preferably a head 10 of the type in which a
stylus projects to approach a disk. [0078] In the magnetic disk and its

gl ass substrate according to this invention, the average value of the

m crowavi ness (MM Rg) over the entire spgface of the substrate is
preferably 4A or less. 15 [0079] This is because when the average val ue of
the m crowaviness (MMRq) is 4A (0.4nm or less, the effect of the
application of th@®7ggvention | argely appears. Further, this is because
when the average value of the mcrowaviness (MWRq) is greater than 4A

(0.4rim, it is n?ﬁis@ﬁ@éaﬁ%’émﬁ% Bepéfv?es?&ibteaiasow\éemrﬁ%r cljés%‘?fﬁ%l Wth

respect to the magnetic disk and its glass substrate according to this

i nvention, elfictici Wed1apslivatios obihis invemicH IBFGRIR) Appudrs O Fligs, il i gurations 7
and 17). 25 [0081] This is because when the touch-down height is 5nm or

| ess, the ebteause when Dabeffjd greater dmaro30rir] isisi pussible wredacgiey appears.
Further, this is because when the touch-down height is greater than 5nm it
i s not nécetauphydavn bight(TDH) atihe outer patipheral gra@@tion Positiboteh- down hei ght
is an index for determ ning how cl ose a head can approach a surface of a

di sk. The t 68d@ndBUPHEYRINgiLRubafasurabl e using 5 a fil mformed medium (i.e.

a magnetic recor df0697r8di um .

In this invention, a magnetic head is preferably a magnetic head for a

perpendicular magnetic recording medium. In particular, it is preferably a head
10  of the type in which a stylus projects to approach a disk.

[0078]

In the magnetic disk and its glass substrate according to this invention,
the average value of the microwaviness (MW-Rq) over the entire surface of the
substrate is preferably 4A or less.

15 [0079]

This is because when the average value of the microwaviness (MW-Rq)
is 4A (0.4nm) or less, the effect of the application of this invention largely
appears. Further, this is because when the average value of the
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



[0083] 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 nmedium i.e. a non-transparent object. 10

[ 0084] Through nmeasurenent with the formation of an extrenely thin filmon a
surface of a glass substrate, it is possjble to substantially know the
surface state of the glass substrate. ?%085] 15 This invention includes
the case where the surface state of the filmformed nmediumsatisfies the
condition defined in Configuration 1, 2, 11, or 12 described above. [0086]
In the casetiys in¥ention.pl ane magnetic recording medium since the 20 thickness
of a magnetic Iayg{ & d soonis small, it may be considered that the
surface state of 0& ss substrate is approximately equal to that of the

filmf d di h d,. i h .of i
rr:aglmat e ecor di nine bl Akt Ranintdi e BB G g R T 854" and so on
that 28 or  SanPRRIRES LodtiRedraldia | HE HRTBOL TR SESRTRLC M 05"

the films T QrifalibRfed Meeit (i) la mhindtfrebSrdify1PedRp@d that the correlation
is achi eved before and aftt((ar the Tilmformati on. P§087] 25 The magnetic

disk and its gl aspogsgpstrate according to this invention are preferably a
magnetic disk for a | oad/unload systemand its gl ass substrate
(Configurations 8ThadlidSheighD@igBl heighthiepresentetheuseradehelght efiflyimge or ratio
bet ween the m crowavi nesses Rq
over a substrate. The glide height is a value virtually derived by a tester, using
a film-formed medium, i.e. a non-transparent object.
10 [0084]

Through measurement with the formation of an extremely thin film on a
surface of a glass substrate, it is possible to substantially know the surface state
of the glass substrate.

[0085]

15 This invention includes the case where the surface state of the
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]



of the respective regions selected wth respect to the above-nenti oned two
pl aces particularly becones a problemin the case of the magnetic disk for
the | oad/unload systemand its glass substrate. [0089] 10 The magnetic
disk and its glass substrate according to this invention are preferably a
magneti c di sk adapted to be nmounted in 3 HDD for use at 4,200rpmor nore
and its glass substrate (Configurations 3 and 19). [0090] This is because
when nmounted in the HDD for use at 4,200rpmor nore, 15 the effect of the
application of this invention |largely appears. [0091] The magnetic di sk of
this invention hashaimagnedic diskranghts: glass sybstrateracasdding e this frvestion ace of t he
gl ass substrate for }he na%netic di sk according to any of Configurations 1

to 7 descri 6% PEIeRRIY EBIR0Ngle disk dersa pgdatmdpasbsystery aﬂéd@alasﬁféi Haleti ¢ di sk

and its glass _subsirate,ac ing to this invention are suitably applicable
to a per pen§§8ﬂl'wa%‘b§ﬁ%?f“g%gcor di ng medium [0093] A perpendi cul ar

magneti c recordi nbe%'S k has at | east a perpendicular 25 magnetic recording
| ayer over a substrate. [0094] Herein, the perpendi cular magnetic recording

| ayer isspref erabiry i§ Béca@éﬁﬁ@'dﬁfer@nd@érﬁ%ﬂ@ibé%]@én ﬂﬁagﬁ@fdwawr?és@égmg | ayer

having, at least, a 26 ferromagnetic layer with a granular structure forned

over the substhenicepactive regiohaisaiettednitPrdspect tdithé apovd-fientionéd o oxi de of
silicon (Si) and a lam nated | ayer, on the ferronmagnetic |ayer, of a first

| ayer cont aiptdceg padiocutarly Kewoaidscy prbtenain themasd of theemagnetiadisk fay tRel or Pt. 5
[0095] load/unload system and its glass substrate.
[0089]
10 The magnetic disk and its glass substrate according to this invention
are preferably a magnetic disk adapted to be mounted in a HDD for use at
4,200rpm or more 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



As a Co-based magnetic material formng the ferromagnetic |ayer,
particularly a CoPt-based or CoPtCr-based magnetic material is preferable.
Si  may be added al one or an oxide or a Si oxide such as Si2 nay be added
to the CoPt-based or CoPtCr-based magnetic material. The ferronagnetic

| ayer 10 preferably has crystal grains %grrposed mainly of Co and grain
boundary portions conposed nainly of the oxide, silicon (Si), or the
silicon (Si) oxide. The ferromagnetic |ayer preferably has a granul ar
structure containing Si or its oxide between magnetic crystal grains

cont ai ni ng ESTOMIEENIR IYER¥ED Heranylar stragiuphiegmetiaver Bigesubisaj @itr abl y 20nm
or | ess. Desirabl t he. range of..8 to 15 1Gnmis preferable. 96 The
i nat ed | BYBANTS PREERTIGs 1She of 81 PERER StPe (S 8nS a REEatsd BYet  hr ough

a spacer | ayer . i I.Ga c in Q, the
f err omagnet ?Sﬁ ﬁl.'%tléqeirr a gﬁ%}%}rn&g%ﬁé 'ﬁ%ﬁbﬁ%ﬁ'@bﬁ%@%?%& alc'fidraecti ons in
the 20 respggetdndBal @y ihiﬂgqib%rol"'@. mately the same 'direction. In the

| am nated | ayer, <tcrystal grains are nagnetically coupled to each other.
Specifically, wtfoopsppect to the ferromagnetic |ayer nade of the Co-based
magnetic material, the l|amnated |ayer preferably conprises alternately

| ami nated fil ms oAs a@lmbasddimagnetic material fooyirgnitie jatrbmdgneto [Bder, or
alternately lam nated filns of cobalt (Co) or its 25 alloy and platinum
(Pt). Sincepatisularly erGeittedasedantiGrlitesbhsedmagnedtic niateriat is prefarableal Si have

| arge magnetic Ku, the domain wal]l width in the |am nated |ayer can be nade
smal | . The faydenddded aane of ap oxidedr & Jdersych anmiOzmaay bamdged to to 5nmiis

e o B e R e S S R P "
ot e 6, PNl T O o S RGOS U W Bl AT L) I
g Biet Lgln;nat BOrtioRY @bmpBY¥ed Fidihif oNthe! Mde RARBR (SRY&Hthe ishichs (Sipd%idt! € to
The ferromagnetic layer preferably has a granular structure containing Si or its
oxide between magnetic crystal grains containing Co. The thickness of the
ferromagnetic layer is preferably 20nm or less. Desirably, the range of 8 to
15 16nm is preferable.
[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



control the exchange coupling between the ferromagnetic |ayer and the

| am nated | ayer. As the spacer layer, a Pd layer or a Pt layer is suitably
used depending on the |am nated | ayer, for exanple. Wen the Pd |ayer is
used in the lamnated |ayer, the Pd |ayer is also used as the spacer |ayer.
This is 10 because, in terns of the res?-;iction of a manufacturing
apparatus, it is economcally preferablTe to use the sane conposition. The
t hi ckness of the spacer layer is preferably 2nmor |ess and desirably in
the range of 0.5 to 1.5nmé0098 15 The ferromagnetic | ayer and the

| ami nat ed | &gy PlgantefitsbeBb & oltdl, E6BhtCoRty as &P dotasea materiahobthgh t he spacer

| ayer therebetween, wherejn, in terns of . HDI ad Disk Interface), it is
preferabl e (BNHRGIJa¥er Wé{qagrﬂfﬁ%ﬁ EBOY%V’@Pt'%'&Eﬁ'TW@W'@-romagneti c layer as
seen fromthe sub@gggte. The ferromagnetic layer is not |limted to a single
| ayer, but may co ise a plurality of layers. In this case, 20 Co-based

rgnet o 1 ayer s o gkt OfrcterSoy bl ByRE B ASgh ARt Or 3

Co- based nagneti c yer contain oX1 de and a ased nagneti c

l'ayer not caRlahéliatingtedddyer SBy Prdviting e $aceP e fds pbesiBich8 suithily | S
preferable to di spose the yCo- baggd rragneti%:}‘%cayeﬁ? éon?gi ni ng SisUI orythe Si

oxi de on t heosfreleh@dieremge dovplimgbétvBenahe tertctygdnetiblayerapidiad of 25 form ng
t he perpendi cul ar magnetic recording layer, it is preferable to use a

sputtering famineted layerpaAsitioeispacerildyer,sa Bd ddyer abbdPttlayarsesaitddy useghet r on
sputtering nethod because uniformfilmformation is enabled. [0099] 28 The
per pendi cul 8ePeRdieendhe lapynateddavarsier Bxample. | ¥éwan thed dileyeeisrisediibned

R RS UM AT R O N S
sof t magH et ib(éceln?s)é?fn tfe(%s %!r'lhtearléls*icﬁgh i éinqlﬁu?ac%r%ngegé&aratus, it is
economically preferable to use the same composition. The thickness of the
spacer layer is preferably 2nm or less and desirably in the range of 0.5 to
1.5nm.
[0098]
15 The ferromagnetic layer and the laminated layer are disposed adjacent
to each other or through the spacer layer therebetween, wherein, in terms of
HDI (Head Disk Interface), it is preferable to dispose the laminated layer above
the ferromagnetic layer as seen from the substrate. The ferromagnetic layer is
not limited to a single layer, but may comprise a plurality of layers. 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 a DC magnetron
sputtering method because uniform film formation is enabled.

[0099]



circuit of the perpendicular magnetic recording |ayer nmay be provi ded over
the substrate. The soft magnetic layer is not particularly limted as |ong
as it is nmade of a magnetic substance that exhibits soft nagnetic
properties, and, for exanple, preferably has as its nmagnetic property a
coercive force (Hc) of 0.01 10 to 80 oe§§teds and nore preferably 0.01 to 50
oersteds. Further, it preferably has as its magnetic property a saturation
magnetic flux density (Bs) of 500enu/cc to 1920enmu/cc. As a material of the

soft magnetic layer, there can be cited a Fe-based material, a Co-based
material, or the Ih&keerpepdictiasmagnetic jeeording disk hasdat leastdhee- based soft

magneti c nat Sri al s chﬁ?s FeT%C- i)ased 1?, al | Oﬁi’ FeTaN- based ”O%‘é

FeNi - based &PPYSMGERES BERERCUIEs ynagiietig Leepr Qgé?yeréﬂ"?bﬁ",e%' aased soft
ti [ h - N " bZr - b d all oy,

Feco- based. &1 8- sBDY HES B TaRERRL Dot e lielon 2 Ch Cknoss of ¢ he

soft magnetic Iayfmobﬁ preferably 30nmto 1 000nm and desirably 50nmto
200nm 20 [0101] A nonhmagnetic underl ayer is preferably provided over the

substratg for orFenéjidmple! ¥ sbRhfagpbtié mepﬁrréarwm?uhgrstiﬁglanﬁégr%ﬁtcecor di ng

| ayer in a direction perpendicular to the surface of the substrate.

ATi - based alclroyit ofsthp pefseralidutaranagreticatesrding [@fertrhigy be pradded bveringer | ayer .
The Ti-based alloy well serves to 25 control crystal axes (C axes) of the
CoPt - based pebsteatdi clihasoftrapgaetic layeesoradipagicubaylyrintitedi asglong las(it isr y st al
structure to be oriented in the perpendicular direction, which is thus

pr ef er abl e. MRde:¢fa Maanelimetistansedbat expditsppfianagneticisomertipasang, £ oy, there
can be cited, other than Ti, a TiCr-based alloy, a 29 ,Ti Cg-hased alloy, or
the |ike. TﬁéaWHrécPFF‘é%@bB‘rh%%' %WH%@H@PFBNW@F‘F'&%Q’C&@B o0 ably 2nm

0 20r oL CORh oo AER FRANGEL B, FFFEb BO-dud SHIEFRL I B B 0L 70
made of a ghas$s its magnetic property a saturation magnetic flux density (Bs) of
500emu/cc to 1920emu/cc. 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 underlayer 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



Since the glass substrate is excellent in heat resistance, the heating
tenperature of the substrate can be set high. As the glass for the
substrate, there can be cited an alurninosilicate glass, an

al um noborosilicate glass, a soda linme glass, or the |ike. Among them the
alum nosilicate glass is 10 preferable. {urther, an anor phous glass or a
crystallized gl ass can be used. Wen t% soft magnetic |ayer is anorphous,
the substrate is preferably nade of the anorphous gl ass. Wien a chemcally
strengthened glass is used, the rigidity is high, which is thus preferable.
In this inveHte-based alloysar thedike. r dhgiieknessfof sheh amionmagnetic endériayee
substrate is prefe a?%y 6nmor less in 15 Rmax and 0.6nmor less in Ra. By
provi di ng sﬁ%ﬁe rg@g A Q9¢Be, a gap between perpendi cul ar magnetic
recording | ayer '&ﬁﬁéf magnetic | ayer can be set constant so that it is
possible to form tabl e magnetic circuit between nmagnetic head -

A . . ' . !
e Bh o0 preter abt e padiaiHelah®eihajs, feoessaRIEL FraMiEeerels hng t he
sof t magpet iy mlamsesr thB¥of Adgnatc idYer, 300 §abstaats F/SteferbB§ rASHIESH &plﬁsget ween

the substrate and the soft rmagneti'c | ayer can be inproved and erefore it

I s possi bl e Sifcethe \grits stibsiratel is @xeélichhi 5t redIREAES, ithe hadlig As a materi al
of the adhesive |ayer, use can be nade of, for exanple, a Ti-containing 25

mat eri al . | terhpenaturefof fireasitistrate cerebe sétehigihi ckntesglags fdiechadhiestiate | ayer is
preferably set to 1 nmto 50nm [0104] |In the perpendi cular nmagnetic
recordi ng dikge cap becitgd éncalamingsiligaieraassd@nadummoppmsdicateglassyger on t he

T T Possi B4 1SS EReel Merikesy AT e HE AMEANIcals GRSS & om the
one | LA, " A et BBl Ae o e B Bb R © 1
preferabl e. \\jg, i G8NESGntl 15 i@ HALRHIULCHN BStrhfe DpRLEFMR HaBBQpt 3nM to
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 practical use, the thickness of the adhesive layer is
preferably set to 1nm to 50nm.
[0104]

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



7nm [0105] It is preferable to further provide a lubricating | ayer on the
protective layer. By providing the lubricating |ayer, abrasion between the
magneti ¢ head 10 and the magnetic di sk can be suppressed so that the
durability of the magnetic disk can be inproved. As a material of the

| ubricating |ayer, PFPE (perfl uoropol y&];) her), for exanple, is preferable.
The thickness of the lubricating |ayer”Ys preferably about 0.5nmto 1.5nm
[0106] 15 It is preferable that the soft nagnetic |ayer, the underlayer,

t he adhesive layer, and the protective |ayer be also forned by the
sputtering reprhtagtive lmyepan the pérpendichiar Bagmatic esaooding fayer.er Bygraviitgd i s
preferabl e because uniform filmformation is enabled. It is also preferable
to use an i Ang piadedtiygdayer) ikis Hassibientp pretasbthe suitacaaf the magnetie diskt i ng | ayer
is pref erablly fﬁ_tr?rred by, for 20 exapple, a d"‘% coati,n%, met hod. %0,107] The
magnetic di P ’T‘?Sn%flca@go@m%tﬂ‘? IRE eYRTdNe gragnetindiski n(sa Maierat e al so
applicable t i screte-tvpe di um 010 5 A netic disk

manuf act uri ﬁgtWHie(ft%% ?&{ytﬁ%(,sa ?%58'#)?8% b@iﬁ&ké@ye& 1‘g?gfsa'apF"a'pfsoduci ng the

gl ass supstr, t i L > i fLur.atl 1 or 2 or
Cont 1 gur 3t 1 ool 1% BRAREHS G B3 FoREARIAETs it PR, L.t 2
magneti c | aygm. over the surface of the glass 31 substrate for the magnetic
di sk (Configurations 10 and 20). [0109] The step of producing the glass
substrate for the[gmghetic disk manufactures a glass substrate for a

magneti c di sk having the feature 5 described in Configuration 1, 2, 11, 12,
or the like (the ftémpreferabledo futlegerdirbvide arlglericating layer on the protective

layer. By providing the lubricating layer, abrasion between the magnetic head

10  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.

[01086]

15 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

20 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]
25 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



or ratio between the m crowavi nesses Rq of the respective regions selected
wWth respect to the two places falls in the predeterm ned range) in, for
exanpl e, | apping and polishing processes. [0110] 10 Mre specifically, the
step of manufacturing the glass substrate for the magnetic disk conprises,
for exanple, (1) Rough Lapping Process, {2) Shapi ng Process, (3) End Face
Pol i shing Process, (4) Precision Lapping Process, (5) First Polishing
Process, (6) Second Polishing (Final Polishing) Process, (7) d eaning
Process, (8) Chem cal Strengthening Process, 59) Cl eani ng Process, 15 and
(10) Eval uatHbsirate derdthe magsietie gigkionfigyrations 1QBNIR§)t he properties of a
pol i shing pad (po@bﬁg'ng cloth), the polishing conditions, and so on in the
pol i shi ng processks, Larticularly by controlling the properties of a

i shi d i shi . h Li.shi diti d inth
Pocond poi Fani ng” Tor S bl e Hp ol aafttror M o afR ! mout act ur e o

| bst ¢ gl LN - Loned feature.
Po113) " hor e factined 2 0ai 0 e U S mAGHeAHisk RatRE U BRRL O focc Thed. ©
[0112] (Bxampb&foel ih@TonfighitiBarabi Y& X arHeakekiHefealurd thdtitle dffetshc@n

exenpl ary diagram for explaining the structure of a perpendi cular nmagnetic

recordi ng dios katiteirativaeh ttieeshidrowsvinssEessRd of heTeputtivEsagionatéleeteBxanpl es 1
to 5. Hereinbelow, a nanufacturing exanple of a perpendicul ar nagnetic

recordi ng divstk respect be treetsvor plbess falls m thefpeedstieenined Famge) 6n, f8Rexdnidé3] An
anor phous al um nosilicate glass was nolded into a di sk shape by direct
press, ther éppind aipPliing pflogessedi sk. This gl ass di sk was | apped,

pol i shed, and cheﬁ'g | y strengthened in sequence, thereby obtaining a
snmoot h 5 nonmagne 1 | ass substrate 1 in the formof a chemcally

strengt tf& ned g ASRore 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,
15 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
20 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)
25 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 1to 5. Hereinbelow, a manufacturing example of a

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



di sk. The gl ass substrate 1 is a 2.5-inch glass substrate with an inner

di aneter of 20mm and an outer dianeter of 65mm (i nner peripheral end 10mm
and outer peripheral end 32.5mm nmeasured froma central portion). The
surface roughness of a main surface of the glass substrate 1 was neasured by
an AFM 10 (atomic force mi croscope) ang.it was a snooth surface shape with
Rmax being 4.8nm and Ra being 0.42nm x and Ra fol |l ow Japanese

I ndustrial Standard (JIS). [0114] By controlling the properties of a
pol i shing pad, the polishing conditions, 15 and so on in the polishing
process, there wef@!1@hnuf actured gl ass substrates for magnetic disks, each
havi ng a val ue of Duboff, an average value of m crowavi ness (MM¥Rq) over

the entire surfacénAMeIphoYsgltminedlicaie glasewvasimelded intpfaf disle Aliapg v Rq

e Lo R 55308 R ks ™

of "5 ol sni RS e ¥hiea Uit RBoBenar it Sfilihos el bR A BePIh ng
havi g a varOHERIEBA A LEAE ThdRe bS] Alicol RN oS Ry over

the entire %iéﬁ.a%eo@awﬁjb%%?éﬁ?é@z.fﬁin\éﬁ'r%!b%s%b%{?&e Vit éﬁ'irﬁ{téﬁgiaﬁwll\é%ﬁq STDEV

(OD-MD)) between standard devi ati ons of crowavi nesses in

ci r cunf er entgf@0nth aAd tanwuteedigmater f B8med (ibfsr getipheral eNd¥1Benn® BRE\butdD/ VD) )
bet ween standard devi ati ons of m crowavi nesses in 33 the circunferenti al

di rection, wheriphesl end3@viminrmdashired ffom 4 Odrit6d| pohtem). uShengudaceevacuated fil m
form ng apparatus, an adhesive layer 2 and a soft nmagnetic |ayer 3 were
formed in sdgughiassed aipainghirface edthgl glass substieta 1 as measurad bpandiMspher e

by the net.ron sputtering nethod. In , ,
y [1)% ma(gtomlc?orce Fr)Tl1J|crosccl>pe% 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



this event, the adhesive layer 2 was fornmed by the use of a Ti target so as
to 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
anor phous CoTaZr (Co:88at% Ta:7.Cat% Zr:4.9at% | ayer having a thickness
of 200nm 10 [0117] Then, using an eva%%ated singl e-wafer stationary facing
type film form ng apparatus, a first uhderlayer 4a, a second underl ayer 4b,
a ferromagnetic layer 5, a spacer layer 6, a lamnated |ayer 7, and a

car bon-based protective |ayer 8 were forned in_sequence on the obtained 15
substrat e i thapiraymigferiiapaieediopywhied aresheynét Taedput teri ng met hod. [ 0118]
Specifically, on Eﬂq fubstrate finished with the filmformation up to the
soft nmagnetic | ay §, the first underl ayer 4a nmade of anorphous N Ta

Ni : 45at % Ta: 55at-y i Lck f 10 d_the. d, 20

t(Jn:jerI g;e(; 43 mgir{%?%d‘;%%'eﬁm(%@ﬁ} ?@ﬁ}gg%osoaﬁt%ggq ﬁ%\%‘\zee[%%rs% f or med.
Herein, t [ . iks, b

Form ng the ascro aaneRierd wele MRhed LA SPEaRbARS g2 i gher
than that usgBsitdten ihFAMINIoRBhERWY the DIEagheBoRdpultdithdmiticdl @i entation

can be inmproved. 25 [0119] Then, using a hard nmagnetic target made of

CoCr Pt cont ahigiengntStHeladhdsive lhpsrrowag farhied dyaeruse difa Tisavigehay b8 Be hcp
crystal structure was forned. The conposition of the target for formng the
f er r omagnet iacTillayee hagingasthBkne©oobZinrdy Cn the GHie¥hait, thé aptom&razdic12at % The
ferromagnetic layer 5 was forned at a gas pressure of 30mlorr. Then, the

spacer | ayeraysr denRs Ormed bydhel uraof A§ odarhiasseteosaoio e amamaahdusr med.
of oB and PPTRGLIGEREE. T8E0ab 4 St kst Heingra Bkneds A YOTA0 anm and.
thereon,de was fﬁﬁfﬁ]d into a filmof
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 6, a laminated layer 7, and a
carbon-based protective layer 8 were formed in sequence on the obtained
15  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 layer 3, the first underlayer 4a made of amorphous NiTa
(Ni:45at%, Ta:55at%) and having a thickness of 10nm and the second
20  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.
25 [0119]
Then, using a hard magnetic target made of CoCrPt containing SiO»,
the ferromagnetic layer 5 of 15nm having a hcp crystal structure was formed.

The composition of the target for forming the ferromagnetic layer 5 was



0.9nm Accordingly, the total thickness of the am nated |layer 6 was 1.2nm
The lam nated | ayer 7 was forned at a gas pressure of 1 QOmlorr |ower than
that used when forming the ferromagnetic layer 5. [0120] 10 Then, using a
m xed gas contai ni ng 18vol % hydrogen in Ar, a carbon target was sputtered,
thereby form ng the carbon-based protec%%ve | ayer 8 made of hydrogenated
carbon. The thickness of the carbon-bas protective layer 8 was 4.5nm
Since the filmhardness is inproved in the formof hydrogenated carbon, it

is possible to protect the Igelr]é)endi cular magnetic recording layer 15 agai nst
an i npact f CorRZatvm&nidOrttenidtatbath Si@al2aite. d hederroowagnatic laygeb was nade of

PFPE fl I h f b he di i hod. _ Th
hi cknoss. ofOrTIR BARAHESNG S ClgDM 9rund e e SpOGIRVr A raagIol Fle.
facturi d i bed ab t 0 di cul ti
fecor i ng. PR NALEaanTIHESS Oh PRl Bumbal o RSS! RESmia B aehed ©
ing . Tt Fhéd
ranner and Tl (A ehnleficty tathiidhel s ST IR A hadtoliien el s 1™
bei ng 0. 0ot kYAiRa) A IFYPD SR ), 1RABLE Peb AR i B of 1. 12, 13

and 14 show the results of various neasurenents surfaces of the

gl ass subst pares anetordingiyptieabiabtHitkpkss of thedamiatédRer 8 vas[0d7d] The

measur enent conditions and so on are as given at (1) to (3) below [0124]
(1) Duboff iThenEamatetiayei hwaa fonmed ata gas prest aesofri@uglonelesver thamethaur i ng
apparatus (SURFTEST SJ-624 manufactured by M tutoyo
used when forming the ferromagnetic layer 5.
[0120]
10 Then, using a mixed gas containing 18vol% hydrogen in Ar, a carbon
target was sputtered, 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
15  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
20  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]
25  (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.



Cor poration) being a stylus surface roughness neter. A neasurenent object is
a glass substrate (before filmformation). [0125] (2) "M crowavi ness MMRQ"
is neasured using a | aser Doppler 10 vibronmeter (Optical Process Certifier
Ma224) manufactured by THoT Technol ogies, Inc. [0126] Measurenent regions
are two places, i.e. an outer peri pheraJiSend portion (OD: fixed-point
observation at a position of radius r=31"5 (0.05) nm 15 and a central
portion (MD: 1 to 2mm square regional observation at a position of radius
r=253mm in the radial direction, and the average value and the standard
devi ation of datal0¥akured conti nuousl y along the circunferential direction
at the sanme radius_are derived with respect to each . of th ur enment

regi ons (see Fi gﬂi? MERFUFBH2H O d\’\ﬁ(}%ﬁgﬁﬁpl‘?”tﬁ.{ﬁési%"%{bi’t (ﬁbtora@?isf%m
[0128] A rreasurerrm?dr?bj ect is a magnetic disk (after filmformation).

[0129] 25 Herein, the' measurenment conditions of the |aser Doppler vibroneter

manufactur ed by THIT BEBAN ABhEedhling 25GaPRRNLICTabl fhribss PO exampl e,

short wavel engt h Om and | ong wavel engt m represen t he

neasur engnt measpehd appRGtis(SURFEVES B S0tdp4naaufatiube By Mitit)fo 100 to 500pm
36 [0130] (3) The touch-down height (TDH) is exam ned by a touch-down

hei ght eval Carparationtbeiny a[s@lEslurfdcefongiamssenater. obeakuietnentobieet i ¢ di sk
(after filmformation).
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.
[0126]
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 observation 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 500pum.
[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 100um and long wavelength 500um represent that the

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



[0132] In the case of each of the magnetic di sks obtained in Exanples, the
difference (MWRq (OD-MD)) between m crowavi nesses in the radial direction
was 0.02nm or less (0.2A or less) and the ratio (MMRq (COD/ MD)) between 10
m crowavi nesses in the radial direction was 11 or less. As a result, the

t ouch- down hei ght (TDH) becane 5nm or |$§S and thus it was applicable as a
magneti c di sk of 160G or nore. [0133] n the case of each of the magnetic
di sks obtained in Conparative 15 Exanples, the difference (MMRq (CD MD))

bet ween m crowavi pe f/% in the radial direction exceeded 0.02nm (0. 2A) and
the ratio (MMRq tbé%?) bet ween m crowavi nesses in the radial direction

))
ded 1.1. As | the t : hei ght (T ded 5 d
Thus it was only Gpi 1 baBretiou REGHTORD SRty BeRIToioFb134] i the
case of e%&{be@&%ﬂy%{]ﬁ@t%ﬁ sks obtained in Exanples, the difference
e

(MMRg ST tween standard deviations of m crowavi nesses in the
circunferenti al d"'\%gq}i on was 0.04nmor less (0.4A or less) and the ratio
(MM Rq STDEV (OO MD)) " between standard devi ati ons of 25 m crowavi nesses in

the circenferenti Aimshsieahenrones id a maynetie etk (AfedfilrERthhtion)t he touch-down
hei ght (TDH) became 5nmor less and thus it was applicable as a nmagnetic
di sk of 160G or nff¥i82] [ 0135] 37 |In the case of each of the magnetic disks
obtained in Conparative Exanples, the difference (MMRq STDEV (0D- MD))

bet ween st andar d Indégicase ohsae ohthempagnatiaskisksobtained i Exaroplesethent i al

direction exceeded A4nm (0.4A) and the ratio (MMRg STDEV (0D/ MD))
bet ween st aﬁééf%f‘%&\&ﬁ?%ﬁgﬁd‘@@ IRV PORAVREYEESSaS INHES crdTahdirestiant | al

direction exeeeflgsh of leda02A §7bdy andRe ratio (MW-Rq (OD/MD)) between
10  microwavinesses in the radial direction was 1.1 or less. As aresult, 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

15  Examples, 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.

20 [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

25 microwavinesses in the circumferential 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.

[0135]



t ouch-down hei ght (TDH) exceeded 5nmand thus it was only applicable as a
magnetic disk up to 80G [0136] [Table 1] 10 Radial Direction M crowavi ness
I ndex of this Invention R Duboff MMRg TDH Judg- OD-MD QD) MD nment  (nnm) (A)
(A (-) (nm 1 10 1.50 0.178 1.08 4.82 0 2 11 1.43 0.137 1.05 4.55 0
Exanple 3 12 1.38 0.161 1.07 4.63 0 4 1.44 0.166 1.08 4.67 0 5 15 1.64
0.114 1.05 4.34 0 1 11 1.38 0.335 1.175.83 x 2 11 1.52 0.309 1.14 5.63 x
r- Conparative Exanple 3 13 1.51 0.288 1.14 5.46 x 4 14 1.62 0.323 1.19
5,53 x 515 1.57 0.274 1.13 5.44 x o: TDH <_ 5nmx: TDH > 5nm 38 [0137]

[ Tabl e 2] Gircunflertbacase oDeacicef tha magnetinadiska @biainedisxCompardive | nvention R

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) TOH | Judg-
OD-MD | OD/MD ment
(nm) (A) (A) () (nm)
1 10 1.50 0.178 1.08 4.82 0
2 1 1.43 0.137 1.05 4.55 0
Example 3 12 1.38 0.161 1.07 4.63 (o]
4 13 1.44 0.166 1.08 4.67 0
5 15 1.64 0.114 1.05 4.34 o
1 1 1.38 0.335 117 5.83 X
2 11 1.52 0.309 1.14 5.63 X
C%n;gﬁfsgve 3| 13 1.51 0.288 114 | 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



Duboff MMRq TDH Judg OD-MD OOYMD nent  (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 0 Exanple 3 12 1.38 0.030 1.06
4.63 0 4 13 1.44 0.031 1.07 4.67 0 515 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 Conparative Exanple 3 13
1.51 0.051 1.14 5.46 x 4 14 1.62 0.057 § 16 5.53 x 5 15 1.57 0.051 1.15
5.44 x o: TDH <_ 5nmx: TDH > 5nm 5 [0% 8] [Table 3] Short Long Radi us

Spi ndl e Laser Wavel ength Wavel ength Speed (Prn) (m) (rpm Range Mcro
Wavi ness 100 500 iL 371 5 5050 5 Nano Waviness 60 160 15-31.5 4650 5 [0139]
Whil e this invent Q)1n°’ has been described with reference to the enbodinent,
the techni caﬁg bﬁc%ge of this inventionis not [imted to the scope of 10 the
description 7o'¢ above-nentioned enbodinment. It is obvious to a person

skilled in té]f'cu?ﬁf&#nlﬂg DY@&tlo‘ﬁus changes or inprovenents can be added to the

39 above- S nlgﬁr fromthe description cl ai ns
t hat fu;:rr]owlavmetss Ingex
of this Invention
Duboff | MW-Rq (Ra) TDH | 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 1.06 463 0]
4 13 1.44 0.031 1.07 4.67 o]
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
Comparative
Example 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 Long : Spindle
Wavelength | Wavelength R(%dnl%s Speed Fla_gﬁere
(um) (um) (rpm) g
Micro Waviness 100 500 15-31.5 5050 5
Nano Waviness 60 160 16-31.5 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



t he nodes added with such changes or inprovenents can also be included in
the technical scope of this invention. 40 CLAIMS 1. A glass substrate for a
magneti c di sk, wherein, in regions with respect to tw places arbitrarily
selected on a surface of the glass substrate on 5 a central portion side
relative to an outer peripheral end, a grface shape with a shape wavel engt h
in a band of 60 to 5004mis extracted from surface shapes in each of the
regi ons and, assuming that a root nean square roughness Rg of the surface
shape is given as a mcrowavi ness Rg, a difference between the

m cr owavi nesabeyeRoerdionet embagiinoest. i dt i c@anfroor theaescrigtdnof chaigisdbat substrat e
fora magnetic disk, wherein, in regions with respect to two places
arbitrarily tBemasies@ddadavitguchchapges peingragments sanalso e inciuidedrinr al
portion side relative to an outer peripheral end, a surface shape with a
shape wavel dRgtarhnicabsepperidhisgovandioBoom i s extracted from surface shapes in
each of the regions and, assum ng that a root nean square roughness Rg of 15
the surface shape is given as a mcrowavi ness Rgq, a ratio between the

m crowavi nesses Rg of the regions is 1.1 or less. 3. A glass substrate for a
magneti c di sk according to claim1l or 2, wherein the two places are an
outer peripheral end portion of the disk and a central portion of a
recordi ng/ reproduci ng area of the disk. 20 4. A glass substrate for a
magnetic di sk according to claim3, wherein the outer peripheral end
portion of the disk is a point located 1.0mminward from an outer

peri pheral end of the disk toward a center of the disk or a region |ocated
inward of the point. 5. A glass substrate for a magnetic di sk according to
claiml or 2, 25 wherein the regions are two regions each extending along a
circunferential direction at the sane radius with respect to the two pl aces
selected. 6. A glass substrate for a magnetic di sk according to claim1 or

2,



wherein an outer peripheral end portion shape of the glass substrate is a
shape 41 falling within a range of 30nmw th respect to a main surface as a
reference plane. 7. A glass substrate for a magnetic di sk according to
claiml or 2, wherein a touch-down height is 5nmor less. 5 8 A glass
substrate for a magnetic di sk according %o claim1 or 2, wherein the
magnetic disk is a magnetic disk for a ﬂ ad/ unl oad system 9. A nmagnetic

di sk having at |least a nagnetic |ayer forned over a surface of a gl ass
substrate for a magnetic disk according to claim1 or 2. 10. A magnetic disk
manuf act uri ng met hod, conprising the Gt84Sof: 10 producing a gl ass
substrate for a magnetic disk according to claiml1l or 2, and form ng at

| east a magnetic | ayer over a surface of the glass substrate for the

ic disk. 11, A f ic.di.sk, .wh in, i
Tagions with 15 1 bsph e RR BLE o dingfe PR Feleut db Feai®BR M S 1 ace of
egi o S et 1)L
por | phoral - neb oL CuRfblaBeL FRNRY Pecin Sl Fhd Bt sBlsBithEhyr o0 10

500m i s ext rasdrddl p618Bh SiHel rRfive R BR Dutd? pefiBhéraPbnd NEstidstedhap@iflin #Ssum ng

that a root nmean square roughness Rq of 'the surface shape 1s given as a

i cr owavi neshapel wadeldhffhein enssndositogees WRnsisaxtratéddrim atifaos sRipdsha
m crowavi nesses Rq of the regions is 0.04nmor less. 12. A glass substrate

for a magneteiach df Hie, reglveseaind, assumiagititata nobt meanegpaE roughhess RG ates
arbitrarily selected on a surface of the glass substrate on a central
portion si déhe gyrfaqeshaps isgiventasra péarewaness Bada difesendedwdweenpe with a
Tn 25 each GROONEYRERE RISt e AT RG AR OLePbat mean square roughness Rq
O 8111 202, SH2R AR Yoo RIE Y helBh B 1",
I ess. 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 roughness Rq of
15  the surface shape is given as a microwaviness Rq, a ratio between the
microwavinesses Rq of the regions is 1.1 or less.
3. Aglass substrate for a magnetic disk according to claim 1 or 2,
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.
20 4. Aglass substrate for a magnetic disk according to claim 3, 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.
5. Aglass substrate for a magnetic disk according to claim 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.

6. Aglass 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



13. A glass substrate for a magnetic disk according to claim 1l or 12, 42
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. 14. A glass
substrate for a magnetic disk according to claim 13, wherein the outer

peri pheral end portion of the disk is aypoint located 1.0mm5 inward from an
outer peripheral end of the disk toward center of the disk or a region

| ocated i nward of the point. 15. A glass substrate for a nagnetic disk
according to claim1l or 12, wherein the regions are two regions each

ext endi ng alf@Hg Withinra: (angerdd 4B0am With resperida amainreuriagemsratiierenegt h r espect
to the two places selected. 10 16. A glass substrate for a nagnetic disk
accordi ng t @M% m 11 or 12, wherein an outer peripheral end portion shape

respect 1o a mai n'sufrki® SIARpLp Bt g Ao BAGIERRL 120 et e rora
magnetic di %é?@iiiﬁgt@k@ﬂ-dbﬁmq{é&ﬁpisl%nﬂrc%rjrgss. 15 wherein a touch-down hei ght

is 5nmor |ess. gl ass substrate tor a magnetic disk according to claim

11 or 125 wherei g, t pgylagacistrtetfob rﬁ?gr%ti%@ﬁk%dc@rdfﬁéh £18im @ dr@ad/ unl oad

system 19. A magnetic disk having at l'east a magnetiC |ayer formed over a

surface of aviglreinghe mainetit diskds aanagreieldisk fo 8 koarp@Nosd Bgsté. cl ai m 11 or
12. 20 20. A magnetic di sk manufacturing nethod, conprising the steps of:
produci ng a gl ass9suBsnagreticfdisk Favingyatdeast adinagnetoclayei fogned oveeam 11 or
12, and formng at | east a magnetic |ayer over a surface of the glass
substrat e f&HrfagRohaglassistbgiratr for a magnetic disk according to claim 1 or 2.

10. A magnetic disk manufacturing method, comprising the steps of:
10 producing a glass substrate for a magnetic disk according to claim 1 or
2, and
forming at least a magnetic layer over a surface of the glass substrate
for the magnetic disk.
11. Aglass substrate for a magnetic disk, wherein, in regions with
15 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 roughness Rq of
the surface shape is given as a microwaviness Rq, a difference between
20 standard deviations of the microwavinesses Rq of the regions is 0.04nm or less.
12. Aglass 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 band of 60 to 500um is extracted from surface shapes in
25 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.

13. Aglass substrate for a magnetic disk according to claim 11 or 12,
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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.

14. A glass substrate for a magnetic disk according to claim 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.

15. Adglass substrate for a magnetic disk according to claim 11 or 12,
wherein the regions are two regions each extending along a circumferential
direction at the same radius with respect to the two places selected.

16. A glass substrate for a magnetic disk according to claim 11 or 12,
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.

17. Aglass substrate for a magnetic disk according to claim 11 or 12,
wherein a touch-down height is 5nm or less.

18. A glass substrate for a magnetic disk according to claim 11 or 12,
wherein the magnetic disk is a magnetic disk for a load/unload system.

19. A magnetic disk having at least a magnetic layer formed over a
surface of a glass substrate for a magnetic disk according to claim 11 or 12.

20. A magnetic disk manufacturing method, comprising the steps of:

producing a glass substrate for a magnetic disk according to claim
11 or 12, and
forming at least a magnetic layer over a surface of the glass

substrate for the magnetic disk.





