DESCRIPTION GLASS SUBSTRATE FORA MAGNETIC DISK, MAGNETIC DISK AND METHOD OF
MANUFACTURING A MAGNETIC DISK 5 Technical Field [0001] 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 recDESURIFER UM reof. 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 e di 04] | rd the r ' reg..it is necessary
to ensure as large aé[p%gggﬂeg ggsqrg%%iﬁrééﬁg% o'\d]ﬁ%ﬂmai C&%%%&ﬂgﬁm on polishing
conditions of a glass substrajfs PHROBAOF-HNNURAYTURMNS AURISNE R ansgielative to a main

surface of the glass substrate or a surface-up (hereinafter referred to as a rise) relative to the main
surface ocdurs at an outer peripheral end portion of the substrate. When the magnetic head flies over
the magnetic diik?fﬂﬁ?\zini?ﬁh a shape, the head may be inclined at the Ssurface-down or rise portion
to make its fligh ﬂs causing a crash. The surface-down or rise portion has been impeding
the extension of the req;?rgﬁqg area. [0005] In recent years, there have been actively developed a
magnetic head 10 attached with a pad for preventing adhesion of the magnetic head even if a magnetic
disk is smooth and a LUhid oeeflicioaelhtsstera giasesahitate diratroagifeditodisk thabg height.
Normally, in the case of this LUL system, a surface of a magnetic disk is smooth and, while the
magnetic disk isegﬁ%%%&lgiw-densny 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



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 portign 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 RolpvligBiaia WBasRRIR BEASHE drendTldds SYBLemeLaRIE dnrapipNtion that

achieves a smoothness high enough for enabling high-density recording and specifies an outer
peripheral end dbgfeinafiapectereegrisuascarringldealative to.thespwiimsagacertscesdavan putehich a

surface is lowered relative to a main surface o lass strate, or the like) for 3 enabling extension
of a recording apgé'?g?ﬁ%%@qapﬁ?ﬁ??ﬂ{g&zﬁﬁggﬁ% 'SZWIgQ%%%B@gHéIﬁ?ﬁq ?Vﬁo{t

Document L: JPfr 00 2AR5RRv B SGHRSHShah &19Ha YRAIIA K 8B RiBIiResBlyed by the Invention
[0008] However, a problem has arisen that even if the outer pefipheral end 10portion shape of the

glass substfate @iifapesdedrbphige-postisido paishitefighthenstebles tieve calisisgréacastown in which a
surface is lowered relative to the main surface of the glass substrate or a surface-up (rise) relative to

the main surfacd 1€ R{RRIIRMBPIHISF-RRMSARS RPAR IMRRIIRG R RXIRNISR RAYRg such a shape,

the flight of the i?ﬁggéjnﬂﬁ YRS unstable so that the flying height 150f the magnetic head cannot be
lowered. This will be exglalned in detail hereinbelow. [0009]

[0005]
In recent years, there have been actively developed a magnetic head
10 attached with a pad for preventing adhesion of the magnetic head even if a
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



First, for example, as shown in Fig. 5, in the case of a glass substrate for a magnetic disk with a
diameter of 65mm9 (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 Rm 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 dyrections, respectively, within the range of a
straight line a connecting between two points, 25 i.e. a point 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 conventionagaabkngkatenidrodt wasairnter dhantdAnepérivpend(PPsaiiegs-redase the
touch-down height (TDH) at an outer peripheral end portion position as Duboff was reduced. On the
other hand, in tHEpREdAeedReRNate Duboff was 30nm or less, as a result of examining the

gémd the touch-down height (TDH) at an outer peripheral end 5portion

relationship between DL#JS)B
position (position at radlus r 31.5mm), no correlation was observed as shown in Fig. 15. That is, it was

seen that even if the oupestegfipbelmherd1PIri RiTnRegsshe glass substrate was improved, i.e. even
if a surface-down in which a surface was lowered relative to the main surface of the glass substrate or

a surface-up (rise) relative to the main surface was reduced, it was 10not possible to reduce the
touch-down height (TDH) at iﬁ ortjt‘?ég)erhpheral end portion position (variation in touch-down height
largely appeare jS ‘i]el\cl’ S 88 ventional case where the average value of the microwaviness

(MW-Rq) (definigpg,and ﬁ)@%w&?@’eﬁfélmmﬁ) 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 reduffl688he average value of the microwaviness (MW-Rq) over the entire surface of
the substrate or by reducing the microwaviness (MW-Rq) at its qQuter peripheral end portion assuming

that inner peripheral TDRPYSYRErHRIHETANPBAMSH thatRYSRHE M ARSHRAERNREL ANEase where the
i i i . i : 0.4
average vaple Oﬁé%mﬁ{gwgﬂﬁéqu%\é/sﬁggt?é(@r@ﬁ\?@'\?ﬁ@é)@@?‘% S%c?lg/l%vﬂrg%ﬁég{t i 4 (0.4nm) or

less, as a result of examining the refationship between outer
peripheral end phéilike positevefpb aisanfadeaitiug IriBdinons) surtateisdodledaivebtighio(fiaH) at its
outer peripheral end portion position (position at 25 radius r 31.5mm), no correlation was observed as

shown in Fig. 16T‘q1ﬁa5t‘i§ff‘ﬁ%%fst%8||?ﬂ§a¥%@?tﬂ.é?TﬁEFEﬂﬁﬁY)ﬁRéﬁWa[@'ﬁHﬁ?o\?e@?r&ﬁﬁ'&ed) at the
outer peripheral e poiingRLle SR PRGBS AIA0SSIRIS IRSLiER AR oushedown heigh

(TDH) at its outer péeripheral end portion position (variation in~5 touch- eight largely"appeared).
[0012] 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



It is an object of this invention to devise means for solving the above-mentioned problem. 5 Means for
Solving the Problem [0013] As a result of examining 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 microwavinesses (definition and so on will be described later) measured in
the respective regions satisfies a certain predeterminegl relationship, it is not possible to realize a
reduction in flying height of a magnetic head. [0014] 15Specifically, 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 5004m)pussilslericaredatetheitmashad@unohisegETIDkrat endowitioar(sheral pagition at radius
r=31.5mm0.05mm) and a microwaviness at a central portion (e.g. a position at radius r=25mm3mm)

and the touch- dBﬂ/ﬁ%ﬂ?@@'ﬁﬂ(ﬁ@nNWi@V@éfﬁ%%d %tﬁ‘?@&'ﬂﬁf Basteo iy therrsRERIK was
observed. That | IS, E%%?eeﬁ'ﬂ;l&:)&?ft\” blle go Q%du% aH f gfgmqﬁ}’r\@&n%grh%ﬁ[) at the outer

peripheral end por Ion position by re ucm erence Irecti between

the mlcrowavmw\ﬁédmemmmfmﬂnherﬁi@wddwﬁcné@hd (theristanaeasseripher sesiERl portion.
25[0015] Further, for example, as shown in Fig. 8, the relationship between the ratio (radial

direction MW- qudimﬁifﬂﬁaa(@@ﬁé@pm etvmk‘mgn@irﬁmm apmtteabiommatse@beewedmmowaviness
at an outer perlpheral eng. or1t$ (ﬁ_ﬂ% osmon a%n ius r=. 05m and a microwaviness
at a central portl e g a §05| lon a L& ué Xﬁa h ?o?}f: ro%%'r'? %rﬁltﬁ"ﬁ*DH) was
examined and, a%@¢RYHhER: BFMG gﬁ%@@\El%lrﬁ’t%sv@%sﬁﬁ)é‘?&@@téSeUéHEIﬁaS@GHaIE'é‘td'éWﬁS possible
to reduce the touch-down height (TDH) at the outer 5 peripheral end portion position by reducing
(making approawhvﬂbldhearauda(cedo&dsjlwcemd mmt@mmm)mvfaw ohthenglamsaviness at the

outer peripheral e ﬁtgortlon andg}he micr s at th central%ortlon 0016 leeW|se it was seen
that, for exampl&! % HEHS FUORERHBH) il’)et(f)ot ABB\LSHHE R WAS: intWa8%ase where
two arbitraqy pojtys s slffseptdiniencas tBJEﬁ a%%a' FUGRPTA S 58! rep pRrpiRIAa drieaions.
[0017] In this invention, the observation of the strong correlation means that it is possible to
prevent large vgraation positiarn{deratibeiphto(idboas steigi largely appeared).

[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



15Figs. 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.
20Conventionally, 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 pogion 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 haggicieidwesreigitveriels ayediigyd 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 @17 surface of a substrate including its outer peripheral end portion position
by providing a surface i?te where tge S'fference or ratio between the microwaviness at the central
portion and the microw. |ﬁg§§°§¥?ﬁ ) hﬁ s BHaR °e§%VE&{iB%31'§SS LROWIBEIBE  As a result of

further examiningy i ahGvoMRNPRSIAERause, 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 déviations of microwaviness (definition and so on will be described later) 10measured in the
respective regions satisfies a certain predetermined relationship, it is not possible to realize a reduction
in flying height M%%?H{e%elﬂﬂﬁdhﬁﬁﬁql%’ﬁecificalIy, for example, as shown in Fig. 9, the relationship
between 15 the differer@{ggcumferential direction MW-Rq STDEV (OD-MD): measured in a
wavelength band of 60 to 500p.m) between a standard deviation of microwaviness at an outer
peripheral end portion (Agaaesgtarf aleargitiegdtecoankesethitap cheactidmehtaiusaie3bimm0.05mm)
and a standard deviation of microwaviness at a central portion (e.g. a region along the circumferential

20 direction at riiLWREDSWRTSHAN SRS RIPERIN-SRIRFet A aiiare abaglasiubaliateas a result,

a strong corfelalion s Ahaerutl THaL s, 1HABSRRANAIJIUAR ARSIBLS R ause-lnp dguch-down

height (TDH) at the outer peripheral end portion position by reducing the ditference (circumferential

direction MW-RarS#iDbY desehtie)) laaivyersderedandaecrespiatios gidmieatikarnaseitathie region
along the circumferential direction at the outer peripheral end portion and the standard deviation of
microwaviness RiedetRIgiBieasHatiersbirsihisctehrassiblectbreatizaadeusliporidiving

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



[0022] 8 Further, for example, as shown in Fig. 10, the relationship between the ratio
(circumferential direction MW-Rq STDEV (0OD/MD): measured in a wavelength band of 60 to 50011m)
between a standard deviation of microwaviness at an outer peripheral end portion (e.g. a region along
the 5circumferential direction at radius r=31.5mm0.05mm) and a standard deviation of microwaviness
at a central portion (e.g. a region along the circumfere@tial direction at radius r=25mmt3mm) 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 10peripheral end

portion position pysitionicingadngkiag1ohpmaotDinime satic(silcrowtanpets! stivceandyWbriRshSTDEV
(OD/MD)) between the standard deviation of microwaviness in the region along the circumferential

direction at the é@H@rdpBApkEraabraf s otbaHnRBRhand ihelushiotovwmiietehidVinEs wasthe region

along the circumferential direction_at the.central portion %9002\’% kewise, it was seen that, for
o e MO SR A SR PR R 8L (MR o

Xami "as.a ,
example, a tend%ncy ?correlaflor?) Similartd he aove

arbitrary points gegifgant datpessitrethereaniod de aehrRiRrsRag A ADH) WittheespRst to the
selected two places, two regions each extending along the circumferential 20 direction at the same

radius werebset periplaeral end qrartion eositjoo 24] reducingtifsa kingaippraaehohske sati; (oadis strong
correlation means that it js, possible ¢ vent large variation in touch-down height (TDH) as shown in
Figs. 15 and 16H|F?ﬁf'i§r\r@§’fl%}u? &R&M&?%ﬁﬁé@ﬁ@ﬁ@%ﬁé&ﬂ&fﬁ?@%%a é”cﬂ'&%riﬂs possible
to surely reduceem?68H%%WQH@HQ?&IEW&@§§%? {H@tgépﬁgm@_nd portion position to a

predetermined value. [0025] This invention will be explained using an image diagram. 9
Conventionally, as sho®0d6{1) in Fig. 3, the standard deviation of microwaviness at a central portion
of a disk is small while the standard deviation of microwaviness at its outer peripheral end portion is
relatively large. Likewise, it was seen that, for example, a tendency (correPatlon) similar

10 to the above was also observed in the case where two arbitrary points at
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



[0026] 50n 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 between
the standard deviations of microwaviness at its central portion and its outer peripheral end 10portion is
small. [0027] This invention has found that there i® 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 15in a predetermined relationship or in a predetermined range, it

is possible to previdece otass sheteatatiiniding agnrlierdiskishoai endl peficyipestigasied glide height
(touch-down height), the magnetic disk, and a method of manufacturing the magnetic disk. [0028]
20This inventiorPFRAY4RE B foREe Ay wharsribe dieoence afigatiatketweendhess substrate for a

magnetic disk, erf?:rr i\p/aiane ioarﬁ v(\éitéleagrsaqect 0 ,t,"‘é% Iﬁges %rbitraril sele%%d on a surface of the
glass substrate ona cen\fra? portion side rSRHVE B BBl B%‘ﬁﬁw Faleh ; 5 &l]lrt%[ce shape with a

shape wavelenggaiprebanchafifftionsid@prals 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
microwavin@ss Rq, a difféé@8¢e between the 10 microwavinesses Rq of the regions is 0.02nm or less.

places arbirariy solecttehoh UL SO ok PENE Barr AR A EEHaF causs. the v
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 microwaviness (definition and so on will be described later)

10  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.

[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]



portion side relative to an outer peripheral end, a surface shape with a shape wavelength in a band of
60 to 500pm 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
10microwavinesses 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, wheein the two places are an outer peripheral end
portion of the disk and a 15central 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 poRigthef,tfer diginipie, kerinoaatedFigIMoN the iygaikshEip Behocker theripheral end
of the disk toward a center of the disk or a region located inward of the point. [0033] (Configuration 5)

A glass substraf@iBr(eiieiagfrresiirtireitnaiMyYRacnfigENMIORAVER 2 msagiiedin the regions are two
regions each extendi ong a circumferential direction at the same radius with respect to the two
places selected%beo%?'?%’opl |Bﬂr%r§%6r:}8)?q§“m9 iﬁﬁ?ae&asa%ﬁ?%{é? f(ti?v %ﬁ%@ﬁgtic disk according to
Configuration 1 @fcfoWhAFRISsaaY ahten@rﬂéam@mewpmbih@@ o fbgishaseRyRsyrate is a shape

falling within a range of 30nm with respect to a main surface as a reference plane. 5[0035]
(Configuratfon Ajircumfargniisd dinestiencatordinsagddioniskla@ommihgnd & sidiglamtideviatior?, wherein

a touch-down height is 5nm or less. [0036] 10(Configuration 8 A glass substrate for a magnetic
disk according t8 Bﬁﬁ?ﬂﬁ&w&?iiéﬁﬂﬁé}e‘?ﬁ 'ﬁ%‘r?ﬁign@ﬁEQﬁ)%T(%Ogﬁh&{éﬁf‘m%{%?@ load/unload
3?1}222- [0037] (rertigHrat iRk RoanaeRsimyiskd Mang RNGRWR HeRTID Iy Ralormed over a
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
10 peripheral end portion position by reducing (making approach 1) the ratio
(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 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: 20producing 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 12 wavelength in a band of 60 to 5001.tm is extracted from surface shapes in each of the

regions and, assuming that g root mean s er ess of the surface shape is given as a
microwaviness ?&,né(%ﬁf@@ﬂ&aﬁeﬁm‘gﬂ étﬁ E}%L'gergi]aﬁ&g%ﬂc{ﬁ@frﬁﬂ%ﬁoiﬂ sses Rq of the regions
is 0.04nm or lesgS{ER4AHESTI ERiRALSIrtion o SLiSR RUREAHRG TReaRiGHliskiugrein, in
regions with respect to two places arbitrarily selected on a surface of the glass substrate on a central
portion side relatiVmicrawavinesp atifib enaee perialeendbendshapgowithralstivede [Bogeavelength in a band

of 60 to 50012m is extracted from surface shapes in each of the regions and, assuming that a root
mean square roughnesiqga%f the surface shape is given as a microwaviness Rq, a ratio between

standard deyiations of tEﬁ]?g&r8W§YiH§R&%?»S%Br8£3%§i i%ﬂ%?éﬁgéxﬂe %&%%ﬁrlgf‘%] éﬁﬁ@%@g“raﬁon

13) A glass substrate for a magnetic according to Configuration rein the two
places are an oy imEipIEiRiepdgistion cbthes il anech-aenrcheartqTDHI seeetdsemrroducing
area of the disk. [0042] 20(Configuration 14) A glass substrate for a magnetic disk according to
Configuration 13UifRePcoh ATubstatp difnding dneWerrsiiphaial @8R rRoatigpipPRIBaRRY1.0mm inward

fom an outer P iplas o ELAIANE S NG A BSERLLTS Sl URVEaIP O S gaRyard of the

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



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 13 direction at the
same radius with respect to the two places selected. [0044] (Configuration 16) A glass substrate for a
magnetic disk according to Configuration 11 or 512, wherein an outer peripheral end portion shape of
the glass substrate is a shape falling within a range of f#)nm with respect to a main surface as a
reference plane. [0045] (Configuration 17) 10A 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 magRsliaHes36s ReiBatie FanbayateohhPsliasd, 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 ol@838lsurface of a glass substrate for a magnetic disk according to
Configuration 11 or 12. %B@r%idbsl]ration 2)
A glass substrate for a magnetic disk, wherein, in regions with respect
5 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 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)



(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 25forming at least a magnetic
layer over a surface of the glass substrate for the magnetic disk. Effect of the Invention 14 [0049]
According to this invention, by setting the microwaviness on a surface of a substrate in a predetermined
relationship or in a predetermined range, it is possibleftp provide a glass substrate for a magnetic disk
capable of achieving a 5desired glide height (touch-down height), the magnetic disk, and a method of
manufacturing the magnetic disk. Brief Description of the Drawings [0050] 10Fig. 1 is an exemplary

diagram for explaining stlgiaksdsus phiedsranehaynktiviogkhricesding adefidhatveragevalue or the
standard deviation of data measured continuously along the circumferential direction at the same

radius with respieieiBaMh iglersarkesal &1 pridies $hgre of Hirdlassptulstirigrisnd M1a®gplaining an
image of this inygption. 15Fig. 3 is an lary, diagram, for explaining an image qf this invention. Fig.
4 is an exempla@nmgg\?’éﬁ ogr @)ﬁﬁglﬁf%? ”fﬁapéh\ll/%%fé?&ﬁglﬁ )'I(;ﬁ)a'AE)SI %%gﬁ %Q@r‘%ﬂéﬁfﬁl‘gér\;m flor |

explaining Dubakigne.  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 dlagram for el}f1afling that the correlation is observed between the difference (MW-Rq

(OD-MD)) between micr?évoaa/ﬁgﬁ%s&gnir})the radial direction and the touch-down height (TDH).

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



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 (0D-MD)) between standard deviations 15 of microwavinesses in the circumferential direction

and the touch-down height (TDH). Fig. 10 is a did@ram for explaining that the correlation is
observed between the radio (MW-Rq STDEV (00/MD)) between standard deviations of
5microwavinesses in the circumferential direction and the touch-down height (TO H). Fig.1llisa

diagram showingvévelarigtioimshipdrehwééf thdé alfencs exifadieRidi Buvfa)e sbapesimaaotwavinesses
in the radial direction and the touch-down hei&lht (TDH) with respect to samples obtained in Examples

and 10 Compar@iBeegioprand, asgyming fhat aisephmeaisaHg hEPHIANERSKRY BEthRen the ratio
MW-Rq (OD/M i [ i jal di ' -d jght (TDH
(VAR (ODMIY) ety eRRdRIR QAN RS Rl AU ﬁqg%&gﬁe?eggg%%gp Qe (TDF

with respect to samples o xamples and Compara xamples. IS a diagram

showing the relagieviatignbevirenriceolifigirasie2 NG/ dR eh& TEFON QD \Ahnveiviess) standard
deviations of microwavinesses in the circumferential direction and the touch-down height (IOU) with

respect to sAmples obtalf8ddh Examples and Comparative Examples. Fig. 14 is a diagram showing the
relationship between thié%ti(ﬁ M\a/\\{i'%%g STDEV (00/MD)) between standard deviations of

microwavinesses in the cieunterential direction and the touch-down height (TDH) with respect to

samples obtained in Exa(ypes 808drareraraliMagraibrIRk, wherkid: ikadgyRiagfAmeieRxplaining
that no correlation is observed between Duboff and the touch-down height (TDH). 25Fig. 16 is a

diagram for expltsiriimg) pletescacbitreliliceliscttd ervedbdace af the glassosubatiets gvaecRyaind the
s o e TR £ SRR A s e epg asIon 5500
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



16 between microwavinesses in the radial direction and the touch-down height (TDH) is not good.

Fig. 18 is a diagram for explaining that when the shape wavelength is 500 to 1000 pm, the correlation
between the ratio (MW-Rg (0D/MD)) between 5 microwavinesses in the radial direction and the
touch-down height (TDH) is not good. Fig. 19 is a diagram for explaining that when the shape
wavelength is 500 to 10001.1,m, the correlation betwggn the difference (MW-Rq STDEV (OD-MD))
between standard deviations of microwavinesses in the 10circumferential 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 1000um, dlectiorielatiensaphaeatiteniiredd¥itie i Bl p(Qadvwalkhelveen standard

deviations of microwavinesses in the circumferential direction and the touch-down height (TDH) is not
good. 15Fig. 21 is a diatfféfd¥or explaining that when the shape wavelength is 10 to 60pm, the

correlation between the 'ffe#lenc .gMV,}lé g (OD-MD)) between microwavinesses in the radial direction
and the touch-down hei ?? %Lf—rl? 1S hotdood. Fig. 22 is a diagram for explaining that when the shape

wavelength is 20 10 to @giasdRasaraiatiaahabynend ke rtiMe ORI RSIELR

microwavinesses in the radial direction and the touch-down height (TDH) is not good. Fig. 23 is a
diagram foréexpltdniibetein whauierpshinhembentepgitios dtapesiiihe giassaublstiiate ieaveen the
difference (MW-R% S'&DE{V (0D-MD)) 25betwe§n stancé%_'rd deviations of microwavinesses in the

Efiof i

circumferential &ff P Wt RRERVAT e (WSLSRPRGE BbBANain SYEHECe 2% diagram for

explaining that Whan-tie. si1ape wavelength is 10 to 60um, the correlation between the ratio (MW-Rq
STDEV (0D/MD)) 17 between standard deviations of microwavinesses in the circumferential direction
and the touch-down heifff¥4@]DH) is not good. Best Mode for Carrying Out the Invention 5[0051]
Hereinbelow, this invention will be described in detail. [0052] A glass substrate for a magnetic disk
according to this inventf$PRIGYERIPRL T regions with respect to two places arbitrarily selected on a

surface of {ge 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



10glass substrate on its central portion side relative to its outer peripheral end, a surface shape with a
shape wavelength in a band of 60 to 500iim 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 d4nagnetic 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 500Am is @Ma¢ted 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 fEPEY R Eoidhis inyertion oy ritingttbe micosGYHEgss onadgiHgaekibstrate for a
magnetic disk agi%rgm%{’%{giﬁﬁigv AR RKeh fhal iplsﬁl?i plsnv%i_thré%sqqe%lt Yo places arbitrarily
of the gla or %

range .
selected on a surface SS’'substrate on its centra ion side relative to Its o@te?r perlpheral

end, a 18 surfagesdibeetavifoagdangava\vlpsgtidior Hanshabae diskApable exteried ke surface

shapes in each of the regions and, assuming that a root mean square roughness Rq of the surface
shape is given adesirart @liganrialy Reuchditere heigbbhtee megnriiadigkvantbasnsittiag of
microwavinesses R ft{1e.5r ions is 0.04nm or less (Configuration 11). [0055] A glass substrate
for a magnetic drigﬁlﬂ'lf% ﬂﬁW&?ﬁ?ﬁEﬁ%@Wﬁgﬁ 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 wavelength in a band of 60 to 500um is extracted from
surface shapes Briehflestrhtiorgibine dravwasgsiming that a root mean square roughness Rq of the
surface shape is given %@icrowaviness Rq, a ratio between standard deviations of the
microwavinesses Rq of QJ gions is 1.1 or less (Configuration 12). 15[0056] In this invention,

using, for example, a lajefydeSEiheckEIABRI RMLBPRARIMExASHITRCSRARA Wil ARkangwavelength

in a band of 60 to 500um is extracted from surface shapes in a measurement region and a
microwaviness isxmtiniageitt @usedshmdarntthaayemaghvass BotliRdiEhdaitielsvidtioa shape. 20
Herein, a measurement length (Q) portion is extracted from a roughness curve in a direction of its

centerline and, S&BMAAIERSHEHT e ApRgdheriRyasBRTEH (i pehpasat e $3MAe X-axis, that
the direction of | qumﬂlr%ifd"ggw%ﬁﬁgﬁg&@d%%ﬁl% is, and that the roughness curve is
t tot

expressed by y=f(x), squares eviations from the centerlin e roughness
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



25curve [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 Rg (RMS) (root mean square roughness) prescribed by JIS B 0601 is the same. The
relationship 19 with Wq (root mean square waviness) prescribed by JIS B 0601 is the same. [0057]

In this invention, a laser Doppler vibrometer (LDV) wakbused for measuring the surface state. The
measurement principle of this measuring 5 apparatus is that a He-Ne laser beam with a wavelength of
633nm, for example, is split into two beams, i.e. a measurement beam and a comparison beam, and

the phase differefictidretveninetisedvio thearinsumfigtetisiitbetiohyametse thi Hasvaapeighe
measurement object based on that phase difference. A feature of this measuring apparatus is that it is
an optical interféldPhBter that irradiates 10laser light onto an object and detects the speed based on the

frequency difference bep %tgeaiG%giJ%tﬁdfgggé@gﬂmihfgg ai%%gclfiﬁpetlaﬁgﬁa}gur%soefrvga measuring

fl
apparatus is that it is posSible to measure a wide'frequency band from & SUrfate roughness to the

waviness and thestiviepabsiBirlie (MELREESTTBRMICOIM O sfvtdisktaiaRrigeairessiution is
about 5[Im and the 15vertical measurement resolution is 0.001nm (0.01A). The parameter to be

obtained is Rq (RIAQWaYOESSEs inThe Risiepstaldiiestiercand dve topifredaywnieighl Process
Certifier M4224 @J@ijactured by THoT Technologies, Inc. or the like. 20[0059] In this invention, as the
above-mentione ‘places, it is preferable to select two places at different distances from the center

of the disk. This is becapige {haCaripigian aRBRAY HEORINIGRs Withd ifrrenskwhere other

two places (e.g. in the circumferential direction) are selected. 25[0060] In this invention, for the
above-mentiond®iNdal 4063 MIbD )vihetvitgenr micavar ipespbeiial tbadautial diréetiotudimytha outer
peripheral end face, i.e. a substrate side face) of the disk is preferably selected as one of the two
blaces 20 and AHAEHRARS BB %%f&qtdaaeraﬁ&wéa?am&/fa&bamawg ah(eg. a
central pogpn %gﬁqp%qu@%%gcing area, for example, an intermediate position of a line
connecting between inner and outer peripheral ends of the disk) is preferably selected as the other of
the two places 5 (Configugati@ns 8 diagrb3). showirsgtbeaetatitresloipr el btieersihpeationidié-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))



strongly as compared with the case where other two places are selected. [0061] For example, in the
case of a glass substrate for a 2.5-inch magnetic disk with an inner diameter of 20mm and an outer
diameter of 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 31.50.05mm position from the center of thggubstrate) 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
25mm3mm position from the center of the substrate) is preferably selected as the other place. The

region can be af:Gbdendnticwiaresesiin. tR9Rdial dirddiRreshantia toacAciyirohdhhputer
peripheral end portion of the disk is preferably, for example, a point located 1.0mm inward from the

outer 20periphetdPdhdsoneh@ersk 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. _?%Cf,gés_gg_iﬂ%ﬁ%%ﬁ%ﬂﬁgﬁ%ﬂﬁg}ﬁé %ﬁé@‘f‘?ﬁﬁ%ﬂ%%&iﬁ%ﬁﬁﬁs preferable
to use the avera&mwelueoﬁ;ﬂﬁtwwaﬂ@{w%&wFatfd?mwlﬂae(@@w)sfﬁeﬁﬁ% radius with
respect to each of the selected two places (Configuration 5). This is because it is preferable to use the
typical valué at thiepsusitioressée it theathidiabhdidetieo reanacthe doycbt dowe latghig TR phasetthereby.

[0064] For example, as shown in Fig. 1, with respect to each of selected two places (A has a width
and B is one poﬂﬂf, t is preferable to use the average 5 value of data measured continuously along the

[cggggferentia' direction-g§ the RAMGAGHAHF BPEXHIGHRG BlaP0hérdisk erdpdiceddngimpaginary lines.
500 to 1000um, the correlation between the difference (MW-Rq STDEV
(OD-MD)) between standard deviations of microwavinesses in the

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 between standard deviations of microwavinesses in the circumferential direction

and the touch-down height (TDH) is not good.

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

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



In this invention, the number of data to be measured continuously along 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,(\&ith 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 reggdwed stdfiglaatiosvidtioidisf imidtbhenmsss gssrotieéasrblgrifeiaatRagadbgdparameters
of the standard deviation and the accuracel of correlation is improved thereby. [0068] For example,

as shown in Fig 2Ndih8 tedplecawnheigbt SRbrésinalopries (A has a width and B is one point), it is
preferable to use the standard 25deviation 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 nuelse MYfdéatar lodtey Mg U askapnEntiensly along 22 the circumference with the same
radius can be properly adjusted. [0070] In this invention, it is alternatively possible to intermittently

set a pluraliy of measurt®@hk regions at regular intervals along the circumferential direction 5 at the

same radius and to use the standard deviation of data, measured in.each of the measurement regions.
[0071] In this invenﬁ%ﬁ?' %I)seqﬂ%‘fgpgoﬁ%v%‘g%ﬂ%{ﬁlg ﬁ%ﬁ&@bﬁ%ﬁ‘eﬁﬂﬁla shape wavelength in a

band of 60 to 5001.1m f 9@5§}Jrface shapes in the measurement 10region. As shown in Fig. 4, the
shape wavelength represents the distance between adjacent troughs or the distance between adjacent
peaks. 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
10  glass substrate on its central portion side relative 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



[0072] When the shape wavelength is 500 to 1000)1m, 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 604m, 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 isqareferably 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 gla§§,§ég§gﬁé9pésvmﬁf§@Q&@@Q@Qgﬂg{gﬁg ?é%%waﬁﬁ%mﬂ?é%&&eid to its

main surface as a reference plane (Configurations ecause when Duboff

described aboveren38uarface Isisapdsdreach off the aggibestandobdvsrinngniandatasgihagrpears. Further,
this is because when Duboff is greater than 30nm, it is possible to reduce the 5 touch-down height

(TDH) at the out%ﬁllb?éﬁﬂﬁéee_h"@%é &%@6#‘ﬁo%tiﬁ(ﬁﬁcﬁﬁ%ﬂéiENﬁﬂt&ﬁ/&éﬂ@WBUb&fﬁ@O&?] In this
e A A B B A AU BAB oo
5 regions is 0.04nm or less (Configuration 11).

[0055]

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

10  surface shape with a shape wavelength in a band of 60 to 500um is extracted
from surface shapes in each of the regions and, assuming that a root mean
square roughness Rq of the surface shape is given as a microwaviness Rq, a
ratio between standard deviations of the microwavinesses Rq of the regions is
1.1 or less (Configuration 12).

15 [0056]

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



[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 44g(0.4nm), it is not necessary to apply 20this
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 e eriRi FheaRa (ale WsinaR) Pressidhs 619rs f B Fhplicatigp.gf tis

invention largely appears. Further, this is because when the touch-down height is greater than 5nm, it
is not necessary to applj0@a7ihis invention. [0082] The touch-down height is an index for
determining how close a head can approach a surface of a disk. The touch-down height is measurable

using 5 a film-formed m&UiHR (YR GHBEETDsRIRGVIREMAIeT (bBY3Was used fgiide height (flying
height) represe rage.hei ing-Qve bstrate, The glide beight is a value virtually
derived by a te:ﬁjﬁ%ﬁ@ﬂ%&ﬁ?ﬁ%§ {r%%ditﬁ?.@%ag %J%rr?-q}gﬂts gpecﬁ?igtﬂgﬁl%ﬂﬁﬁﬁ%ng Through

measuremesit wipphrafosatien aftanRxteseebedin ilth avavaishngs of 8 bass, SUPSUARIL is
possible to substantially know the surface state of the glass substrate. [0085] 15This invention includes

the case where théRlifrlestwakeammpd. gl Measciemenibramtpid @ bemparitorbasfinanth
Configuration 1’t%e1pjl‘ia%rélc12|fpleefgﬁE:IQ(?)Oleﬁspeoe\/r%a the two beams is detected, thereby measuring

the shape of a measurement object based on that phase difference. A feature
of this measuring apparatus is that it is an optical interferometer that irradiates

10  laser light onto an object and detects the speed based 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



[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 becomesggugher 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] 25 The magnetic disk and its glass

substrate according iopkaes RUPRliRIQY SURIRIAD IBAMGLAietelar dilprlbnland syl and it

glass substrate (Configurations 8 and 18). [0088] is because the difference or ra ween the
microwavinesseRq atenirat poetitivef Hipaes seliegeeprotucispeact o ftveexbavsienamtioned two places
particularly becomes a problem in the case of the magnetic disk for the load/unload system and its

glass substrate.'ﬁ@g@?i@ﬁ@%@@ﬁé}f@digﬁ 89@“3@5%65&&@%&@8%%%%@ éhtion_ are
preferably a magﬂggcog{ﬁl%@;ﬂ?tﬁgdﬁ}%%%a&wgg‘ggtéﬁ%&gé) ég‘%rey%? ﬁ}éﬁ%&)wm or more and its glass

substrate (Configurations S is because whe UAtEd in the HDD for use

at 4,200rpnsor MosafightatopkeTbatithe)apnlinglio beyiie eodeBiaiar MopeRearRold091]  The
magnetic disk of this invention has at least a magnetic layer formed over the surface of the glass

substrate for theSHRAHEAE GRRRRESHNHD toeerserdiaRibatidwe placesierscrdledtabove
(Configurations 10 and ﬁﬁ% [0092] The magnetic disk and its glass substrate according to this
invention are suitably appliCable to a perpendicular magnetic recording medium. [0093]

For example, in the case of a glass substrate for a 2.5-inch magnetic
disk with an inner diameter of 20mm and an outer diameter of 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



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 26 ferromagnetic layer with a granular
structure formed over the substrate and containing an oxide, silicon (Si), or an oxide of silicon (Si) and
a laminated layer, on the ferromagnetic layer, of a firspfayer containing Co or a Co alloy and a second
layer containing Pd or Pt. 5[0095] As a Co-based magnetic material forming the ferromagnetic
layer, particularly a CoPt-based or CoPtCr-based magnetic material is preferable. Si may be added

alone or an oxidgceum&y) gxmmasﬁmgwqﬁ@gg@d to the CoPt-based or CoPtCr-based
magnetic material. The ferromagnetic layer 10 preferably has crystal grains composed mainly of Co

and grain boundary por{@@4¢omposed mainly of the oxide, silicon (Si), or the silicon (Si) oxide. The
ferromagnetic layer preferably has a raéggl)ar structure containing Si or its oxide between magnetic

crystal grains containing &S %HBRkc BTG O hERRPRE P i8R R 8BIG TS8R Wer less.
Desirably, the r@g&gf@%é@l@migﬁgqga&%égﬁﬁ]g ﬁa%ra %m% éje@(gra lfe -%cent to the

ferromagnetic layer directly or through a spacer nction of magnetically coupling to the
ferromagnefic laysuand ddigningaheedsyntingoesiyailongttie direghdeceititieildcespegtive layers in
approximately the same direction. In the laminated layer, crystal grains are magnetically coupled to
each other. SpedfigIfRdiafredpbe tsniRs fepbmdisharindieateray braginaw.iaesd magnetic
material, the laminated L%%g referably comprises alternately laminated films of cobalt (Co) or its alloy
and palladium (Pd) or alternately laminated films of cobalt (Co) or its 25alloy and platinum (Pt). Since

the alternately laminatethfitimsimedgicr, SHemmmlrids dared g enemanetcckmtitiewinnaihyall width
in the laminated layer can be made small. The thickness thereof is preferably 1 to 8nm. Desirably, 2 to

5nm is preferablBe e WafsecaneWilh dhe-sasedadivpyaripg rrorsiy adivsEdhigh Pt content, CoPt,
CoPd, FcPBt, CoPt3, or ([‘db%%? as a material of the laminated layer, instead of the above-mentioned
multilayer ?i m. [0097]

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



The spacer layer is preferably provided between the ferromagnetic layer 5and the laminated layer. By
providing the spacer layer, it is possible to suitably control the exchange coupling between the
ferromagnetic layer and the laminated layer. As the spacer layer, a Pd layer or a Pt layer is suitably
used depending on the laminated layer, for example. When the Pd layer is used in the laminated layer,
the Pd layer is also used as the spacer layer. This is Ifbecause, in terms of the restriction of a
manufacturing apparatus, 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] 15The

ferromagneti layes aREIEMBUAS s denasesABiAERA AR o throush the Spacer
nterirac

layer therebetween, wherein, in terms of HDI (Head Disk e), it is preferable to dispose the
laminated layer above tfiedfé@fomagnetic layer as seen from the substrate. The ferromagnetic layer is
not limited to a single Ia)(er but m%com rise a plurality of Iag}cjars. In this case, 20 Co-based magnetic

layers containing Si or At OmhdiB ARG ERRSS %tEBIE%{QHHEfﬂ%ﬁ@HE RIYER Eontaining
< Si oxid - o e e ed
ogether s ol e e (o € A EHA gl S B RO o e

side adjacest to ahéhasznaieddayeandsause thedstirdicrdenition pegaadiredaursagneteriecording
layer, it is preferable to use a sputtering method. In particular, it is preferable to use a DC magnetron
sputtering meth& IheCRGISWISHPAT MAKIIBAMation is enabled. [0099] 28 The perpendicular
magnetic recording diSkrIa a§1ﬁt least the above-mentioned perpendicular magnetic recording layer over
the substrate and preferably has various functional layers in addition thereto. [0100] 5For example, a

soft magnetic layer for spitedyirRdiHEbAgiBisRERGHB IeiteLEkah I ReRACEHIRE MABNREERASSOrding
layer may be provided over the substrate. The soft magnetic layer is not particularly limited as long as it

is made of a maya¥atesdbsiarband s AAnad98rmMmbigiesierinepshapssaind R Measwismenteferably

has as its magnetic. property a coercive force (Hg) of 0.01 10to 80 oersteds and more preferably 0.01 to
50 oerstedqs}?Furrt?%é)r}t p?é%%%w/n m‘f—%g. trl (la‘h% shape waveleng represeﬁcts e TiRiEs

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).



has as 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
15alloy, 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 séR 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 su 8Lt the substrate. A Ti-based alloy is preferable as a material of the

nonmagnetic underlayefyTNe gLbaes Ay HANIPALSIBRP KO R s d G of the

]
CoPt-based perpendicular magnetic recording layer having a hcp crystal structure to be oriented in the

perpendicular difesttaf, tid imbpisctitiem pefssiblariisinargeyappeats urrigtietirage of the Ti-based
alloy, there can be cited, other than Ti, a TiCr-based alloy, a 29 TiCo-based alloy, or the like. The

thickness of sue8¢RHSRWHEAdNeoaicie tigatas thrstSlmn; trispessibiertojadmeten magnetic field
annealing is negessary for controlli agnetic 5 domains of the soft magnetic. layer, the substrate is
preferably mad e 'Cg}/?av‘é%%’ﬁéﬂ:ﬁ%@gggﬁgg{?&%ﬁ@@?@'Igﬁgsim{gé[’gr%g% 2\ cté’, the heating
temperature of faersHARHRIR GRARSREDIHH A the glass for the substrate, there can be cited an
aluminosilicate glass, an aluminoborosilicate glass, a soda lime glass, or the like. Among them, the

aluminosilicate glass is|Q@pféferable. Further, an amorphous glass or a crystallized glass can be used.

When the soft magneti¢ layer.is amorphous, the sybstrate is preferably made of the amorphous glass.
When achemicall?/ strﬁﬂ %HIB’C?E‘%?& ?sPﬂggH?t‘r‘?ﬁ“ﬁ@f&ﬁ/ﬁ?&ﬁé‘ﬁ%%ﬁ%ﬂa@r{ﬁﬁ%I?ﬁéfg fe. Inuthis

invention, the syifaghanaly et s dealainy TRss Shinas il ISP [rabluAp rudass in 15

Rmax and 0.6nm or less in Ra. By providing such a smooth surface, a gap between perpendicular
magnetic f8cordirthddype -isefhithagratitioymjects tocappreads@adiso that it is possible to form a
suitable magnetic circujt between magnetic head - perpendicular magnetic recording layer - soft
magnetic layer. [0103] BRI A aiso preferable to form an adhesive layer between the substrate and the

Aot Tayer can be I L e A B e et Qe 5 NS il et
layer. As a mattéahoéthgeariiasivé iy enianswadandss (MWeRY) tueexnepitira dirtacdaining
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



25material. In terms of practical use, the thickness of the adhesive layer is preferably set to Inm to
50nm. [0104] In the perpendicular magnetic recording disk, it is preferable to provide 30 a protective
layer on the perpendicular magnetic recording layer. By providing the protective layer, it is possible to
protect the surface of the magnetic disk from the magnetic recording head flying over the magnetic
disk. As a material of the protective layer, a carbon-baged protective layer, for example, is Spreferable.
The thickness of the protective layer is preferably about 3nm to 7nm. [0105] It is preferable to
further provide a lubricating layer on the protective layer. By providing the lubricating layer, abrasion
between the makigetigdigiash. L0and 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.[#B82hickness of the lubricating layer is preferably about 0.5nm to 1.5nm. [0106]
151t is preferable that t er, and the protective

layer be also formed by ge?fgtﬂﬁ qgﬁa etlcrﬁ'aﬂ%é{j{g%rtpd é%%?rqﬁt eeﬁ{]ﬁgs&/ﬁ%‘%’?gp §Blﬁ ?i?\ methqd IS
P ooy EEemi e e L beAshara s gRCe
method. [0507] d finrfergmedi ocngidiuam@l ésaghasg rmitosteatsrdingordidiyino) this invention are also applicable
to a discrete-type meditjorg8 ?108] 25A magnetic disk manufacturing method of this invention comprises
The glide height (flying height) represents the average height of flying
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]



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 31 substrate for the magnetic disk (Configurations 10 and 20). [0109] The
step of producing the glass substrate for the magnetic disk manufactures a glass substrate for a
magnetic disk having the feature 5described in Configgration 1, 2, 11, 12, or the like (the feature that
the difference or ratio between the microwavinesses Rq of the respective regions selected with respect
to the two places falls in the predetermined range) in, for example, lapping and polishing processes.

[0110] 10More specificaihe Hagiencd iBreamdacsying hevatse adsidit e the Raenesic disk
comprises, for example, (1) Rough Lapping Process, (2) Shaping Process, (3) End Face Polishing

Process, (4) PréssRigEEiing magnslis dhkHesapoidhinpadsystem ens dsagidsealighstigtérinal
Polishing) Proc$§s i@ﬁ%ﬁaning PrISC@s, (8) Chemical Strengthening Process, (9) Cleaning Process,
e

15and (10) Eva é)tri] IS = mple, by controlling the properties of a polishing pad (polishing

cloth), the polishing corngﬁ'gg]s, 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 (fmal polishindhjgisbssaitse ts difleremcrauttinbetaegatbs nhishawafines 25 Ragnetic disk
having the aboveﬁ-mentioned,feature. Ollg deinbelow, Exarwles and Comparative Examples will be

H
described. [0119] (EEFRPRAEMEPEIESHP Féﬁe SMERARTRRSt 10418 ahqve neeatianed dWdiary diagram
for explaining the UGGl 41 HRESIHKL Ap FOBRIFHiE dRe oA g sk g@r@@gw&ﬁm mples 1 to

5 and Comparative Examples 1to 5. Hereinbelow, a manufacturing ex a perpendicular
magnetic recordbag/disoad|sbstetasanddtd gldbs etdrenaie to Fig. 6.

[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



32 [0113] An amorphous aluminosilicate glass was molded into a disk shape by direct press, thereby
producing a glass disk. This glass disk was lapped, polished, and chemically strengthened in
sequence, thereby obtaining a smooth 5 nonmagnetic glass substrate 1 in the form of a chemically
strengthened glass disk. The glass substrate 1 is a 2.5-inch glass substrate with an inner diameter of
20mm and an outer diameter of 65mm (inner periphe2@l end IOmm and outer peripheral end 32.5mm
measured from a central portion). The surface roughness of a main surface of the glass substrate 1
was measured by an AFM 10 (atomic force microscope) and it was a smooth surface shape with Rmax

being 4.8nm arfdrRenbagingtio. byemvitmagrandiRasinlsiud fpanesoved usralissirarosdJ1S). [0114] By
controlling the properties of a polishing pad, the polishing conditions, 15and so on in the polishing

process, there fRIHAINAAAIQNER) il Ribteitas idaLlstiroaick, antA amingtetvaxss of Duboff,

an average val | ' - f entire.. f the.substrate, a value of the
difference (MWléﬁ(?-T m m%\%i%ﬁvéegy grﬁic%?w@%?nléggég?htﬁ{éﬁﬁéiﬁa% %{rgg%gna?@%a deglue of the ratio

(MW-Rq (OD/M§xgdrivegein sostainiagmessepin the 20radial 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 pPocess, therO@&%E manufactured glass substrates for magnetic disks, each having a value

f Duboff, | f 25 mi ' \W- th ti f fth bstrate,
Vol of the diference TV G0 0T BB NR S AIdE T I RIS SR rowavinesses i
the circumferengiaidiiRFHon CIt-BasddeP TP HaURENVrRg retie MASRYINEDIdIetamen standard

deviations of microwavinesses in 33 the circumferential direction, which are shown in Table 2. [0116]
Then, using anreaydeagsd ¢ithafonmvrcpappadetos 25 adlteshusioge Sy ay Juftaddeuddic layer 3 were
formed in sequgnce on the obtaingd glass 5 substrate 1 in an Ar atmosphere by the DC magnetron
sputtering menfha.&H'?ﬁ‘.E%EH??B%&W&%WE%&%%@& bmpﬁgg'agﬂnﬁt\% ¥t'so as to be a
Tilayer naying g &RirkBRSRAT A08EN (PANIEREE ARG SAIERBRARNS IRYEL A4 formed by the
use of a CoTaZr target S0 as to'be an amorphous CoTaZr (Co:88at%, Ta:7.0at%, Zr:4.9at%) layer
having a thicknpsgioh2@0mmod&fohaifly of theeyxidessisdicond$a)cwatte sitigsrGifeostaionary facing

type film forming apparatus, a first underlayer 4a, a second underlayer 4b, a ferromagnetic layer 5, a
spacer layer 6 %F%fﬁ%’f%ﬂl’&%? lrygr greferably has a granular structure containing St 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



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 IOnm and the second 20 underlayer 4b made of Ru
and having a thickness of 30nm were first formed. H@gin, 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 heigh IPagoeikntaCERTCOR D FEPE PsRANtEH TR RIPR athraferisaaghnetic layer 5 of
15nm having a hcp crystal structure was formed. The composition of the target for forming the
ferromagnetic #8383 Radayer desteadef e abave-rentiued, rBubiayeafim. The ferromagnetic layer 5
was formed at a gas pw of 30mTorr. Then, the spacer layer 6 made of Pd and having a thickness
of 0.9nm was formed. Further, the laminated layer 7 in the form of alternately laminated films of CoB

and Pd was formed. CafhangsdzdiryerRasteRsPaIf Balidednsaarib i irsaerdRshyRsioRYEd into a film

of 0.9nm. Accordingly, the total thickness of the laminated layer 6 was 1.2nm. The laminated layer 7
was forme@ at @efhthgrisssinated layeoBoeviding thaispsedniayer, b impag sitdadorsritaphetic layer 5.

[0120] 10Then, usi mixed gas contaiping 18vol% hydyrogen in Ar, a carbon target was sputtered,
thereby formingcﬁﬁé}g@b%ﬁ@%g%ﬁ%%%@&?ﬂ?%ﬂﬁ@%ﬁ%&&éﬁéﬂ&rc%fPScIH?The thickness of
the carbon-basggiaiegtiygdayeAs HasdaeBayincs daadiar BRUIpess isDR(GMEM Bdlg form of
hydrogenated carbon, it is possible to protect the perpendicular magnetic recording layer 15 against an
impact from a magastnyesdthEHensiatitzd ddydritatiexplapts. 9 Whde df P E{peifusepolyether) was

formed by the dip coating method. The thickness of the lubricating layer 9 was Inm. [0121] Through the
manufacturing H}6(aBuRRIBE LY Rlethafold LBYREIS B8R ARSHRS IAR SRAFRHAYBE ordiMg Sisk was obtained.

The surtage roudhagss oh e ALENRE AREnsieH maRnSKrePulpa ok wag meastred by the

AFM in the same manner and it was a Smoo ace shape w 3nm and Ra being
0.40nm. [0122]eX(foralcaltiop)eferabletteaisedhd 2aamel dogpokitick, IBhattickhesowf the results of

S et Taye 15 praforably onm of 1656 And Gosrably In the rangs of 6,550 |~ Coamed
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]



35 [0123] The measurement conditions and so on are as given at (1) to (3) below. [0124] (1) Duboff is
measured using a small-size surface roughness 5 measuring apparatus (SURFTEST SJ-624
manufactured by Mitutoyo Corporation) being a stylus surface roughness meter. A measurement object
is a glass substrate (before film formation). [0125] (2) "Microwaviness MW-RQ" is measured using a
laser Doppler 10 vibrometer (Optical Process Certifie®14224) 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 1=31.5 (0.05)mm) 15and a central portion (MD: 1 to 2mm

square regional observatierpatgendiititn elagsbtis reeSAngiiskinas adiakdirgasion, and the average
value and the standard deviation of data measured continuously along the circumferential direction at

the same radiug BRYIBIREPDAEhRERANY IRy IanErRENatis FesastingridyRreyRITbYsubStigHe ). 20(0127] A
wavelength band % gsﬁtfé?a%?ytﬁ’aéo\%rnb 0311%8 ﬁowa jﬁ%‘%ﬁ@mﬁnﬁtfgﬁﬁ%}%&l magnetic disk (after film

formation). [012855] erein,’the measurement con 6% ler vibrometer manufactured
by THoT Technologies|dngopre shown in Table 3. For example, short wavelength 1001.1m and long
wavelength 5001.1m represent that the measurement is performed in a wavelength band or bandpass

of 100 to 560pm. For example, a soft magnetic layer for suitably adjusting a magnetic

circuit of the perpendicular magnetic recording layer may be provided over the
substrate. The soft magnetic layer is not particularly limited as long as it is
made of a magnetic substance that exhibits soft magnetic properties, and, for
example, preferably has as its magnetic property a coercive force (Hc) of 0.01

10  to 80 oersteds and more preferably 0.01 to 50 oersteds. Further, it preferably
has as 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



36 [0130] (3) The touch-down height (TDH) is examined by a touch-down height evaluation
method. [0131] 5A measurement object is a magnetic disk (after film formation). [0132] In the case
of each of the magnetic disks obtained in Examples, the difference (MW-Rq (0D-MD)) between
microwavinesses in the radial direction was 0.02nm or less (0.2A or less) and the ratio (MW-Rq
(OD/MD)) between 10microwavinesses in the radial dgction was 1,1 or less. As a result, the
touch-down height (TDH) became 5nm or less and thus it was applicable as a magnetic disk of 160G or
more. [0133] In the case of each of the magnetic disks obtained in Comparative 15 Examples, the

difference (MWIRTH(BRsMDANAEraRE RiSTOTAEIfEERASSS HReariaipREgRN EREat)H2nm (0.2A)

and the ratio (MW-Rq (0OD/MD)) between microwavinesses in the radial direction exceeded 1.1. As a
result, the touchsds@fanablyRNMIe$eREeeded 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 STIBE\&( D-MD)) between standard deviations of microwavinesses in the

circumferential directionygs hadRENOHAE AN [8TRRRLAREFRIBHNRCHSEREN (OD/MD)

between standard deviations of Z5microwavinesses In the circumferential direction was 1.1 or less. As
a result, thé touttnuinsdidighs ¢t Didpbetiatageintheosubst zteds musfanably applieable glass magnetic
disk of 160G or moreggﬁg %L@ In the case of each of the magnetic disks obtained in

Comparative E4RSH! RMERR] ST ERE RO IS SRR Setheditatiifard deviations of
Ticrowavinesseap S Gl QUB e cALE RRTAH 0 ALHR GiBRHTE IR R

STDEV (OD/MD)) between standard deviations of 5micfowavinesses in the circumferential direction
exceeded 1.1. fiseeeresnlbevitedunh adomindsi|glatd TRid} excabaathdbhonailit fte1gldsgas only applicable
as a magnetic %igcli(au irrgg glggé, or the like. Among them, the aluminosilicate glass is

10 preferable. Further, an amorphous glass or a crystallized glass can be used.
When the soft magnetic layer is amorphous, the substrate is preferably made of
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



[0136] [Table 1] 10Radial Direction Duboff MW-Rq Microwaviness Index of this Invention (Rq) TDH

Judg- ment

10

15

20

25

OD-MD OD/MD  (nm)

30

a protective layer on the perpendicular magnetic recording layer. By providing
the protective layer, it is possible to protect the surface of the magnetic disk
from the magnetic recording head flying over the magnetic disk. As a material
of the protective layer, a carbon-based protective layer, for example, is
preferable. The thickness of the protective layer is preferably about 3nm to
7nm.

[0105]

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

[01086]

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

[0107]

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

[0108]

A magnetic disk manufacturing method of this invention comprises

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

a step of forming at least a magnetic layer over the surface of the glass



(A) (A) () (nm) Example 1 10 1.50 0.178 1.08 4.82 0 211 1.430.137 1.054.550 3

10

15

20

25
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substrate for the magnetic disk (Configurations 10 and 20).

[0109]

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

[0110]

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

[0111]

Hereinbelow, Examples and Comparative Examples will be described.

[0112]

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

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

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



121.380.1611.074.630 4131.440.166 1.084.67 0 5151.64 0.114 1.05 4.34 o0 Comparative
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[0113]

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

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

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

[0115]

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

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

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

[0116]

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

[0117]

Then, using an evacuated single-wafer stationary facing type film
forming apparatus, a first underlayer 4a, a second underlayer 4b, a
ferromagnetic layer 5, a spacer layer 6, a laminated layer 7, and a
carbon-based protective layer 8 were formed in sequence on the obtained
substrate in an Ar atmosphere by the DC magnetron sputtering method.

[0118]

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

[0119]

Then, using a hard magnetic target made of CoCrPt containing SiO»,
the ferromagnetic layer 5 of 15nm having a hcp crystal structure was formed.

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



X 4141.620.3231.195.53x 5151.570.2741.135.44x 0: TDH S. 5nm x: TDH > 5nm 38 [0137]
[Table 2]

34

Co:62at%, Cr:10at%, Pt:16at%, SiOz:12at%. The ferromagnetic layer 5 was
formed at a gas pressure of 30mTorr. Then, the spacer layer 6 made of Pd
and having a thickness of 0.9nm was formed. Further, the laminated layer 7 in
the form of alternately laminated films of CoB and Pd was formed. CoB was
5 first formed into a film of 0.3nm and, thereon, Pd was formed into a film of
0.9nm. Accordingly, the total thickness of the laminated layer 6 was 1.2nm.
The laminated layer 7 was formed at a gas pressure of 10mTorr lower than that
used when forming the ferromagnetic layer 5.
[0120]
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.
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[0123]

The measurement conditions and so on are as given at (1) to (3) below.

[0124]

(1)  Duboff is measured using a small-size surface roughness
measuring apparatus (SURFTEST SJ-624 manufactured by Mitutoyo
Corporation) being a stylus surface roughness meter. A measurement object
is a glass substrate (before film formation).

[0125]

(2) "Microwaviness MW-Rq" is measured using a laser Doppler
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)
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).

[0127]

A wavelength band is set to 60 to 500pum.

[0128]

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

[0129]

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.
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[0130]

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

[0131]

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

[0132]

In the case of each of the magnetic disks obtained in Examples, the
difference (MW-Rq (OD-MD)) between microwavinesses in the radial direction
was 0.02nm or less (0.2A or less) and the ratio (MW-Rq (OD/MD)) between

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

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

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

[0136]
[Table 1]

10  Radial Direction

Microwaviness Index
Duboff | MW-Rq of this Invention (Rq) 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%”;gﬁfggve 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
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[0137]
[Table 2]

Circumferential Direction

Microwaviness Index
of this Inventi R
Duboff | MW-Rq vention (Ra) TDH | Judg-
OD-MD OD/MD ment
(nm) (A) (A) () (nm)
1 10 1.50 0.031 1.09 4.82 o
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 0
5 15 1.64 0.019 1.05 4.34 (o}
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
0: 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 15-31.5 4650 5
[0139]

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

skilled in the art that various changes or improvements can be added to the




14 1.620.0571.16 553 x 5151.570.0511.155.44x o: TDH 5nm x: TDH > 5nm 5[0138] [Table 3]
Short Wavelength (Pm) Long Wavelength

39

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

the technical scope of this invention.



(pm) Radius (mm) / Spindle Peed (rpm) Laser Range Micro Waviness 100 500 15-31.5 5050 5 Nano
Waviness 60 16015-31.5 4650 5 [0139] While this invention has been described with reference to the
embodiment, the technical scope of this invention is nat limited to the scope of 10 the description of the
above-mentioned embodiment. It is obvious to a person

CLAIMS

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

a difference between the microwavinesses (MW-Rq) of the regions is 0.02nm
or less, and

a ratio between the microwavinesses (MW-Rq) of the regions is 1.1 or less,

wherein one of the two places is a region along a circumferential direction
falling within a range of radius 31.5+0.05mm from a center of the glass substrate
while the other place of the two places is a region along the circumferential direction
falling within a range of radius 25:3mm from the center of the glass substrate,

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

2. A glass substrate for a magnetic disk according to claim 1, 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.

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

4. A glass substrate for a magnetic disk according to claim 1, wherein the

magnetic disk is a magnetic disk for a load/unload system.



skilled in the art that various changes or improvements can be added to the 39 above-mentioned
embodiment. It is clear from the description of claims that the modes added with such changes or
improvements can also be included in the technical scope of this invention. 40 CLAIMS 1. A glass
substrate for a magnetic disk, wherein the glass substtate is configured such that, in regions with respect
to two places arbitrarily selected on a surface of the glass substrate on a central portion side relative to an
outer peripheral end, a surface shape with a shape wavelength in a band of 60 to 5001.tm is extracted
from surface shapes in%eadhofihetiedishdanty atiasisgnraneticoeyendaimeguarer 6f sHEaggrface shape
is given as a microwaviness (MW-RQ), a difference between the microwavinesses (MW-Rq) of the
regions is 0.02/rPdH AESSURRLALE It & HRAdIS ek ATCRIHIRYitedaiBs IMW-Rq) of the regions is 1.1 or
less, wherein one of the two gtllggfsh % direction falling within a range
t

_ mAG SN i%lorql%t gregmiciential direction. ;
of radius 31.50.05mm from a center of the glass substrate w s e Gther p?ace of the two places is a

region along the circuny,qm;ﬁ gibqagpgh@”gge\mw% Wa@gg&gﬁdm%fmm the center of the

glass substrate, wherein the microwaviness (MW-RQ) is measured using a laser Doppler vibrometer.

2. A glass substrate for@magackastiskaeprwing o slain tuMiiersinRyridesRaitpieral @ed portion
shape of the glass substrate is a shape falling within a range of 30nm with respect to a main surface as a

reference planenagnet®. disglass substrate for a magnetic disk according to claim 1, wherein the glass
substrate is for use with a magnetic head having a flying height of 5nm or less. 4. A glass substrate
for a magnetic disk accord§BsTigiRpaigHer&imagnatishefiaciedisttenelgitete WK sy oad/unload
system. 41 5. A magnetic disk havinttg at least a magnetic layer formed over a surface of a glass

substrate for a MSHHERETREK AAWEAY 1BlcIHifm PUEh REYNRR diERM &P uBERIFINGMRBthEY, comprising
the steps of: pr%g%@gv?ngg%s&wﬁt afe tLoer a m%?neﬂ'% gis%eaccording to claim 1, and forming at least a
magnetic layer over a surface o qé%ss SUbState 6rthe magnetic disk. 7. A glass substrate for a

magnetic disk according tQACE}%]sL}H?@é?é%P% m%g&y@%@@g%}%@%qﬁépﬁ il),ugﬁ{epgﬂpgﬁaral end is

greater than the microwaviness (MW-Rq) on the central portion side. 8. A glass substrate for a
magnetic disk ageesdOa/Eueladm the WHRFBINaIn G IROT YR]) & Rf dhenancrawavines st WiRg) on a main

surface of the glass substrate is 0.4nm or less. 9. A glass substrate for a magnetic disk according to
claim 1, whereinusteateria@etnal e &sd. the standard deviation are calculated for the microwaviness
(MWR(Q) measured continuously along the circumferential direction at the same radius.
9. A glass substrate for a magnetic disk according to claim 1, wherein an
average value and the standard deviation are calculated for the microwaviness (MW-
Rq) measured continuously along the circumferential direction at the same radius.
10. A perpendicular magnetic recording disk, comprising:
at least a perpendicular magnetic recording layer formed over the glass
substrate according to claim 1.
11. A hard disk drive, comprising:
at least the magnetic disk according to claim 1, and
a magnetic head.
12. A glass substrate for a magnetic disk, wherein the glass substrate is

configured such that, in regions with respect to two places arbitrarily selected on a

surface of the glass substrate on a central portion side relative to an outer peripheral



10. A perpendicular magnetic recording disk, comprising: at least a perpendicular magnetic
recording layer formed over the glass substrate according to claim 1. 11. A hard disk drive,
comprising: at least the magnetic disk according to claim 1, and a magnetic head. 12. A glass
substrate for a magnetic disk, wherein the glass subsifate is configured such that, in regions with respect
to two places arbitrarily selected on a surface of the glass substrate on a central portion side relative to an
outer peripheral 42 end, a surface shape with a shape wavelength in a band of 60 to 500pm is extracted
from surface sheipseipugiach sfiane wigierghapri vagsiangtyithatandof Aletnbeguaré sitrreiedrface shape
is given as a microwaviness (MW-RQ), a difference between standard deviations of the
microwaviness&QTVRHIRES) Trarfs 1B §iBHE 95 BOHRHRSrIBLsasHHNNg thatafiaoh BGARETANBR®Ard deviations
of the microwa\ﬂpeegusr scg\/sl a—ng ofvtehne regi%ﬁ\& is éL\./%] gsrsl SRy wherein one of the two places is a
region along a circumferen 1aPGiredlion faaﬁllng Within'& ranze of rggiius 31.50.05mm from a center of the

glass substrate while t@oﬁﬁ@%&@%@@@eﬂ”&a‘ﬂé‘%ﬁéﬁaﬁ%ﬂ@Bf%@%&%ﬁéﬁ%@%@%@?ﬁ%ﬁi&?c“o” falling

within a range of radius 253mm from the center of the glass substrate, wherein the microwaviness

(MW-RQq) is megstiieebyingia dassinPenpiar Mirometer. 13. A glass substrate for a magnetic disk
according to claim 12, wherein an outer peripheral end portion shape of the glass substrate is a shape

falling within a range of3@timnbeitie easgptect dodadméat Suw iEabas anefererassgddhdV-Rq) d4hé glass
substrate for a magnetic disk according to claim 12, wherein the glass substrate is for use with a magnetic
head having a fI9E@ RdSghL OF B or less. 15. A glass substrate for a magnetic disk according to
claim 12, wherein the magnetic disk is a magnetic disk for a load/unload system. 16 A magnetic disk

having at least a magn®HiE8)e?16rAidBeolt BIERPalSePora'gmaLBAR FLtd THR S HalRRI¥isk according

10 laim 12. 43 RS ' RSN Beihol compdsin it stepa of ragyeing 2 dlass
substrate for a magnetic disk according 1o claim , and forming at least a magnetic layer over a surface

of the glass suljgfateor.the pRRReate %iglaces]igaa‘rg&tﬁ sR§ AL det Amagnalicitieliaecording to

claim 12, wherein the microwaviness (MW-Rq) at the outer peripheral end is greater than the
microwaviness (g Raien raagestrabipertiomsiderom thad SeAtelasmeupistedaiaragnagnetic disk

according to claim 12, wherein an average value of the microwaviness (MW-Rq) on a main surface of the
glass substrate is 0.4nmherdesshe microwaviness (MW-Rq) is measured using a laser Doppler
vibrometer.

13. Agglass substrate for a magnetic disk according to claim 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.

14. A glass substrate for a magnetic disk according to claim 12, wherein
the glass substrate is for use with a magnetic head having a flying height of 5nm or
less.

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

16. A magnetic disk having at least a magnetic layer formed over a surface

of a glass substrate for a magnetic disk according to claim 12.



20. A glass substrate for a magnetic disk according to claim 12, wherein an average value and the
standard deviation are calculated for the microwaviness (MWRQ) measured continuously along the
circumferential direction at the same radius. 21. A perpendicular magnetic recording disk, comprising:
at least a perpendicular magnetic recording layer forfhed over the glass substrate according to claim 12.
22. A hard disk drive, comprising: at least the magnetic disk according to claim 12, and a magnetic head.
23. A glass substrate for a magnetic disk according to claim 12, wherein the standard deviations of the
microwaviness (MW-Ré&Y at fh@aaneiiqdifiomarifendiog resthaceamprisiot RgasteReofations of the

microwaviness (MW-Rq) on the central portion side. o _ _
producing a glass substrate for a magnetic disk according to claim 12, and

forming at least a magnetic layer over a surface of the glass substrate for the
magnetic disk.

18. A glass substrate for a magnetic disk according to claim 12, wherein
the microwaviness (MW-Rqg) at the outer peripheral end is greater than the
microwaviness (MW-Rq) on the central portion side.

19. Agglass substrate for a magnetic disk according to claim 12, wherein an
average value of the microwaviness (MW-Rqg) on a main surface of the glass
substrate is 0.4nm or less.

20. Aglass substrate for a magnetic disk according to claim 12, wherein an
average value and the standard deviation are calculated for the microwaviness (MW-
Rq) measured continuously along the circumferential direction at the same radius.

21. Aperpendicular magnetic recording disk, comprising:

at least a perpendicular magnetic recording layer formed over the glass
substrate according to claim 12.

22. Ahard disk drive, comprising:

at least the magnetic disk according to claim 12, and

a magnetic head.

23. Aglass substrate for a magnetic disk according to claim 12, wherein the
standard deviations of the microwaviness (MW-Rq) at the outer peripheral end is
greater than the standard deviations of the microwaviness (MW-Rq) on the central

portion side.





