DESCRI PTION Titl e of Invention: SUBSTRATE FOR MAGNETI C DI SK AND
MAGNETI C DI SK 5 Technical Field [0001] This invention rel ates
to a magnetic di sk substrate adapted to be nounted in a hard disk
drive device and to the magnetic disk. 10 Background Art [0002] As a
magneti c recordi ng medi um adapted to be nounted in a hard disk drive
device (HOD device), there is a magnetic disk. The magnetic disk is

15pr oduced by stacking a magnetic | protective |ayer over a
substrate such as a substrate in mflﬁ%ﬁbgﬂﬁ?@% Imis coated on a

netal plate made of an al um num magnesium alloy or the |like, a glass
substrate, or a ceram c substrate. Conventionally, alum num all oy
substrat es Tigyef heemtivhdel y used as substrates for magnetic disks.
However, followi ng the reduction in size and thickness and 20t he

i ncrease in recordUBTHATE FOROMABYESIC O18KASDI MAGNENC PDEEK S,

t here have been used gl ass substrates which are excellent in surface
flatnes® and in strength even with small thickness as conpared with
the alum num al |l oy substrates. [0003] 25Wth respect to a magnetic
di sk producE$Bica 5iglling at | east a nagnetic |ayer on such a nagnetic
di sk substrate, 3‘@{)8&5 present on a surface thereof are inspected.
For exanpl e, Pat cunent 1 discloses that defect detection of a

magnetic di sk subghil §fridnREft&d {54 n%asdn%%c%is%e&f‘b%ttra?ee%ﬁ%b{e%r}o be
mounted in a hard disk drive device and to the magnetic disk.
10
Background Art
[0002]
As a magnetic recording medium adapted to be mounted in a hard disk
drive device (HDD device), there is a magnetic disk. The magnetic disk is
15 produced by stacking a magnetic layer and a protective layer over a substrate
such as a substrate in which a NiP film is coated on a metal plate made of an
aluminum-magnesium alloy or the like, a glass substrate, or a ceramic substrate.
Conventionally, aluminum alloy substrates have been widely used as substrates
for magnetic disks. However, following the reduction in size and thickness and
20 theincrease in recording density of magnetic disks in recent years, there have
been used glass substrates which are excellent in surface flatness and in
strength even with small thickness as compared with the aluminum alloy
substrates.
[0003]
25 With respect to a magnetic disk produced by forming at least a
magnetic layer on such a magnetic disk substrate, defects present on a surface
thereof are inspected. For example, Patent Document 1 discloses that defect

detection of a magnetic disk substrate is performed using a defect detection



2 optical systemwhich conprises a |light projection systemthat
projects a light beam having a wwdth in a direction at a right angle
to a main scanning direction to relatively scan a transm ssive
substrate, and further conprises a |light2receiving system conpri sing
a high magnification objective lens that receives 5scattered |ight
fromthe transm ssive substrate in a direction perpendicular to a
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an i mage attodeRfiraNataPastrhhOmiseivel ihsk@te ameinfuBhby Bombhsés atighen the
| ight receiving el éements. Prior Art Docunent Patent Docunent [0004]

15Pat ent Daeuswity systeiR-odn20knG a06dh Megmificatioh cbfesctivevens thain réteidem
to be Solved by the Invention [0005] 20In recent years, in HDD

devi ces t heattesschlighd fidr yhentraheimigsive Sdisiede irna airgntien petpadicutal ta a
magneti c di sk has been reduced and, particularly in the case of
nmount i ng a $WEeedT e Heagmissive sulsteie cand {urihegisomprisély pégplicsgebindar
recording having a slider that is adapted to adjust the flyjng. height
by expansi diEVéfFehayng dght 'Eﬂcea"%ﬁieéf??'ﬁ% ﬁ'@fﬁ@iaﬁlg’mﬁ@ﬂ@‘.‘?”g 8 %r@&'%P?
reduced. In_order to 25 suppress failure when, used as a net i
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Sg;fgthodeft%%?n@éivé%kas&f@fee&q Y ligmessdilingdiekantias al so 3 becone
strict. _
Prior Art Document
Patent Document
[0004]
15 Patent Document 1: JP-A-2002-55061

Summary of the Invention
Problem to be Solved by the Invention
[0005]

20 In recent years, in HDD devices, the distance (flying height) between a
magnetic head and a magnetic disk has been reduced and, particularly in the
case of mounting a recording head (DFH (dynamic fly Hight)) for perpendicular
recording having a slider that is adapted to adjust the flying height by expansion
due to heat of a heater, the flying height is further reduced. [n orderto

25  suppress failure when used as a magnetic disk, the size of a defect on a
substrate surface allowed for the magnetic disk has also been reduced as the
flying height has been reduced. Correspondingly, the requirement for the

shape and number of surface defects of substrates for magnetic disks has also



[ 0006] This invention has been made in view of the above and
has an object to provide a magnetic disk substrate and a nagnetic

di sk in which the shape and 5nunber of surface defects are controlled
so that it is possible to suppress the ogcurrence of failure in an
HDD device in which a nagnetic head with a very small flying height,
such as a DFH head, is nounted. Means for Solving the Problem

10[ 0007] o %'ig present inventors performed a defect inspection
of manuf acttff'afe(ﬁn gﬁé‘ti c disk glass substrates, then manufactured
magneti c di sks UZbUQB he magneti c di sk gl ass substrates with
approximately th nunber and size of defects, and then conducted
a certification tras iRRMtBnHdstedrEPhde N vw SEHklabole ARPaPER BB to
and defective products were m xed. Further, as a result of conducting
t he above- rmovidenehagmetis disk surgnes bad di religgdtRsdisk ibahict e shapk and
def ects whose nunber and size were greater than those of the magnetic
di sk gl &ss ruhis¢r et esfaebjafectsdire contrellabsy thatenisipmssible &sspprebethe
was a case with nore good products. 20[0008] As a result of

i ntensive scm@rr@@ce@fgaibiramaelﬁlatde@mdnmﬁ!mﬁéﬁagneﬂqﬁl@eﬁﬁ wibra very
inventors have found that a defect_of specific size and shape |argely
af fects thesni"%léﬂY’Fg?@Fgmh%“%ﬁ AR esd 18d8puRlied- t he gl i de test and
that it is possible to provide a magnetic disk and a magnetic di sk

gl ass substrate with inproved 25reliability by renpoving such a
defect, an ; LSialhknvention. [0009] Further, the

pr esent in%%ﬁgg&%{éﬁbgﬁ%?}?%gwdef ects are inevitably present on a
magnet iyg di sk sut[g??ﬂte and, when use is nmade of a magnetic 4 head
with a very small yi ng hei ght, such as a DFH head, the magnetic

di sk substrate anthd peseRomebhrdpatfofayrd anrfettahsyediRnsfanghtfatiied
contact with each other. In this case, the present inventors have

pai d attentrhagnéte dibk glasst subisttated) ehahapaubdctiied rdafreticdiske seing tha

t he magnetic disk substrate is nore 5inportant than the nunber

t her eof . Thaagnetjc dink glasssamstiatacewitio appramalsdy theasaroatrivonbearcandwize of
fact that, in an HDD device in which a magnetic head with a very

smal | f1yi rigfees gnd tharceendiciedriqenEisation destmne 2 @lide Eastonfy afigsult,

Z: ;g ? Hg 2 %ﬁirqrﬁgpg’rg;aeqcigqa%ﬁfpgH%qcﬁq%ﬁsawg‘%g%?géd? qliusrtl?‘uesr,ugs? :[arrgétﬁf mp ut
conducting the above-mentioned tests for magnetic disk glass substrates with
defects whose number and size were greater than those of the magnetic disk
glass substrates subjected to the above-mentioned tests, there was a case with
more good products.

20 [0008]

As a result of intensive studies on the above-mentioned phenomenon,
the present inventors have found that a defect of specific size and shape largely
affects the results of the certification test and the glide test and that it is possible
to provide a magnetic disk and a magnetic disk glass substrate with improved

25 reliability by removing such a defect, and have completed this invention.

[0009]

Further, the present inventors have found that defects are inevitably

present on a magnetic disk substrate and, when use is made of a magnetic



10[ 0010] Further, the present inventors have found that the
above-nentioned influence of the shape of the defects notably appears
when the surface roughness of the substrate is low That is, the
present inventors have found that, in tefnms of reliability, when the
surface roughness is high, the influence of 15 the surface roughness
is greater than the influence of the defects and thus the influence
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i mprovi ng thehrhéabilhithiy .cadl] $ldksent mvento@hém;eﬁaaadﬁenﬂan t8$hd Rt
def ect supposed to be influential in the case of e magnetic head

w th the vehyt thaadhapkl ofithg detsadh pressnt bnaise trizgy it distashbstrate tetibre
havi ng a cross-section shown in Fig. 1A i.e. a defect with a broad
convex ar eamppgaobiisindbe edimi@rdhersfof.ct That s, tttaqﬂeaemtrioa@wtomlvwe paida
is a 25defect with a relatively large area which is brought into
contact wi taitenkien iadrretact thataim, arah@% Aegicain wha:h@naagnﬂé&pmaéjr\@@ avery

I npact ener th netic he Acc rdin arge inpact energy
is applied fﬁb@”@r&@ﬁ& %qui‘e%ﬁiaﬁ:d" ﬂ"ﬁﬁ 'Ségg'ﬁ%?@sﬁ@ttomyglge RE§ A0 ¢
e oo Tl B i iR el ] e
Fig. 1B, i e th a sharp convex area, is a defect with a
rel ati veI y tfs?er r%abﬁgéva[ﬁlch is brought into contact with the nmagnetic

head, gpd thus vm(gdjl—[% relatively small inpact energy to the magnetic
head. Therefore, ‘it 5is considered not to affect the drivi ng of the

magneti c head so Rmtlr, the@t3ent inventorsIde fouadlthat the argsghesticHark
substrate according to this invention has a main surface and has a

structure \imrezice &f tseishape of thegtiefests Ratably dppEammwbienites surthea a
211m x 211m square neasurenment area of the main surface is 10

measur ed usbughrassaridhesubsirate lmlwosEb@@smherprase@tstnvmtotmh@Ve found
256x256 pi xel s, and wherein _when | aser ght with a_wavel ength of
405nm and ahgoleterse saliehilty; wherithe %Wf%q wuahgsé% isshigh, tﬁne IB4eREN?T

tsB?L acaBor theBidat ruoass B ete el e HLIRBER G adPIES AL g
1550 por 200 RrHeliertt @“gpéreﬁégtﬁ%qih‘? P Mstlior €5 SeeleaiioiErpal
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pl ot nmet hod using the atom ce m croscope, portion from an apex

(hei ght at f¥fie aéfetctheoﬂ%%ctf@ s’"—ha*fb%' ifteadbs éﬁ%ﬁ@@ft@@heb@se)a@w ed in

an area of defect height higher than a virtual |ine connecting
bet ween t heliapeate(iehgldfeatt AWe spedifie siapetdr imptodng thatelidBiliof. t he

hei ght at 45%
20 [0011]
In the meantime, as the defect supposed 1o be influential in the case of

the magnetic head with the very small flying height, such as the DFH head, a
defect having a cross-section shown in Fig. 1A, i.e. a defect with a broad
convex area, is considered. The defect with such a broad convex area is a

25 defect with a relatively large area which is brought into contact with the
magnetic head, and thus with a relatively large impact energy to the magnetic

head. Accordingly, large impact energy is applied to the magnetic head and

thus, as a result, the magnetic head becomes unusable. On the other hand,



[ 0013] Preferably, the magnetic disk substrate according to this
invention is used as a magneti c di sk substrate adapted for a DFH
(dynamc fly Hight) head. [0014] 25Preferably, the magnetic disk
substrate according to this invention has a structure wherein, with
respect to only one nmain surface, the surface roughness Ra is 0.15nm
or | ess when the 2pm x 21.tm square neasurenent area of the main

Cosor uti on SERTHFEE B it BORORSASLE i Pl SATLIRSCIRRIN b RrddiEsection
W th the warRheniatflgof BA0SHHaRet itR POVRP BhveR B4, Ss bidedditatigdawi th

t he spot size of 51°1Imonto the main surface of the substrate and the

scattered Ireghivelyramalt beeamhithds bfaght Gitotdonta Rethr takenagnett iesdce Gind
t he nunmber of the defects detected to have the size of 50.1mm or nore

and 0. 3j i mtbhus Withsa redativedys striadinmpachenergy cotheamagnetic heads p&berdforealtl
the defects detected, there is no defect in which, in the bearing
curve obt aieangigeraskneidarafiegt ther diving of theemagaetic haad shanagon ¢
force mcroscope, the portion fromthe apex (height at 0% of the
defect to the hei[%mz]at 45%is located in the area of defect height
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recordi ng t]é!%gé%boﬂ}rﬁ]x 2um squarg_rn’?éﬁ]@@llnlént hhe G@tﬂg%\lﬁﬁﬁ Hirfle is

e
substrate according to this invention has a structure erein the

substrape hasagurél Usirhap atdvhidTofcd@lictodéope WRA belesbRAILAAT 288256 pixels,
assum ng that a distance fromthe center to an outernost periphery is

100% a di fareneheei RaGnRasgr ligkt wittra aavalenytimeft 4G5 andraopgiteest25mw
(Ra0) of 20 the main surface in a range of 80%to 90% fromthe center
and an ari tihiveadiatepewith acpghaizeof GRm pnisf thehreaimesunfaserdfdbe siuhstaatesge
of 10 to 20% fromthe center is 0.01 or less (a value when the 21.1m
x 21.tm sq$grterashight diasmthexmadin purfagaslithesubsirate isrictaetsni ther yraer of

m croscope dvgféor{s Ejg?ecrtgé ?cla Hg\i/é) g s?ge c2n5 8.)%%%’]60[[3 }n)é% %?16 Oz.g’;grgoolr@ss is less than
15 50 per 24cm? and, with respect to all the defects detected, there is no defect in
which, in a bearing curve obtained by a bearing curve plot method using the
atomic force microscope, a portion from an apex (height at 0%) of the defect to
a height at 45% thereof is located in an area of defect height higher than a
virtual line connecting between the apex (height at 0%) of the defect and a point
20  of the height at 45%.
[0013]
Preferably, the magnetic disk substrate according to this invention is
used as a magnetic disk substrate adapted for a DFH (dynamic fly Hight) head.
[0014]
25 Preferably, the magnetic disk substrate according to this invention has a
structure wherein, with respect to only one main surface, the surface roughness
Rais 0.15nm or less when the 2um x 2pum square measurement area of the

main surface is measured using the atomic force microscope with the resolution



A magnetic di sk substrate according to this invention has a structure
wherein when | aser light wth a wavel ength of 405nm and a | aser power
of 25mWVis irradiated with a spot size of 5i.trn onto the substrate
and scattered 7 light fromthe substratg is detected, the nunber of
defects detected to have a size of 0.11.rmto not nore than 0.3i.tm
Is less than 50 per 24cn2 and, with respect to the defects, there is

1o defect gl oHlioha ik BEPLIS RS, B0l BLBPth R BeA e RHEYS
apex of the&ld%% Sha e go ? %r‘?fw 155|ra ES% L@ %@EE(&%?EPI 8filo the
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hei ght hi gher than a vi'r 'ne conne rom the apex
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and nunber surface ects are control so that it I's possi

t o suppresshéRabeeateris eeested, tﬁé'ddﬂﬁt%r'dﬁlﬁ’é‘dé@d@ljé@%tétﬁtd ma\mh@h;@ of
magnetic head with a very small flying height, such as a DFH head, is

mount ed5 [ G019 drmbleeanthQrein or tisskis $edssthants® parcathand, witrthiespect to
i nvention, the atom c force mcroscope is preferably an atomc force
m cr oscope alitha defects detadte theéralBato flefast in288Yi 2Bahpibearisgichneg 21. t m
square. [0020] Preferably, the magnetic disk substrate

accor di ng taptained byribe Meropgicsiryplet metmaguwamth@mm@apécagmgscope

the portion from the apex (height at 0%) of the defect to the height at 45% is
located in the area of defect height higher than the virtual line connecting

10  between the apex (height at 0%) of the defect and the point of the height at
45%.

[0015]

Preferably, the magnetic disk substrate according to this invention is
used as a magnetic disk substrate of a heat assisted magnetic recording type.

15 [0016]

Preferably, the magnetic disk substrate according to this invention has a
structure wherein the substrate has a disk shape with a hole at a center thereof
and, assuming that a distance from the center to an outermost periphery is
100%, a difference (RaO-Ral) between an arithmetic mean roughness (RaO) of

20 the main surface in a range of 80% to 90% from the center and an arithmetic
mean roughness (Ral) of the main surface in a range of 10 to 20% from the
center is 0.01 or less (a value when the 2um % 2um square measurement area
is measured using the atomic force microscope with the resolution of 256x256
pixels).

25 [0017]

A magnetic disk substrate according to this invention has a structure
wherein when laser light with a wavelength of 405nm and a laser power of

25mW is irradiated with a spot size of 5um onto the substrate and scattered



[ 0021] 20A nmagnetic disk according to this invention conprises the
magneti c di sk substrate according to this invention and a magnetic
recording |layer forned on the nmagnetic disk substrate. [0022] A
magnetic di sk according to this invention has a structure wherein 25
when laser light with a wavel ength of 405nm and a | aser power of 25nW
is irradiated with a spot size of 51.rmand scattered light fromthe
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is located in an area o fect height higher than a virtual |in

connect i ng dy #BehhBg 3Dfe Bibt Fitghstelisiel droatdhfie tdres esitrostobéf £@brtin
the Invention [0023? A magnetic disk substrate of this

i nventi én ifsormwohagehadf thbaieféctderdolh dglarewd it hocataadvehrmydd obtle@@bhaight
and a | aser power of 25nWis irradiated with a spot 10size of 51Am

onto the suibgherdhenandrivablineesannactipgfroin the apex siithstdedee tbxt5% thereof.
detected, the nunber of defects detected to have a size of 0.1li tmto
not more than 0.3901%his | ess than 50 per 24cn? and, with respect to
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occurrence mfHfRiauiEmbnfy, HDD device in which a magnetic head with
a very small flying height, such as a DFH head, is nounted. 20

[0019]
In the magnetic disk substrate according to this invention, the atomic
force microscope is preferably an atomic force microscope with a resolution of

15  at least 256x256 pixels in a 2um square.

[0020]

Preferably, the magnetic disk substrate according to this invention is
made of an aluminosilicate glass.

[0021]

20 A magnetic disk according to this invention comprises the magnetic disk
substrate according to this invention and a magnetic recording layer formed on
the magnetic disk substrate.

[0022]
A magnetic disk according to this invention has a structure wherein

25 when laser light with a wavelength of 405nm and a laser power of 256mW is
irradiated with a spot size of 5um and scattered light from the substrate is
detected, the number of defects detected to have a size of 0.1um to not more

than 0.3um is less than 50 per 24cm? and, with respect to the defects, there is



Brief Description of the Draw ngs [0024] Fig. 1A is a diagram
showi ng the shape of a defect on a magnetic di sk substrate according
to an enbodi nent of this invention. 25Fig. 1B is a diagram show ng

t he shape of a defect on the magnetic digk substrate according to the
enbodi nent of this invention. Fig. 2Ais a diagramfor

expl aining the principle of detecting the height of a defect. 9

075 1 AL VAR, RO SN yRE ) £ 8T RSP e
g!” ves obt §ifped  HS A9 ATESSERE & HE?:%BH?&‘P&P%n(a%FM?f tﬁggl%fec‘!té 359,
I agram show a schematic structure o an appar atus or etectl ng a

defect on ahBRGIH lotaficih BRI dldfect height hifthérthaf d FirtBadirRgr am f or
expl aining the sensitivity of the apparatus shown in Fig. 4.

Fi g. 5B is gondieatingfrohotheexpdabhihegidite teedsh theredly of the apparatus
10shown in Fig. 4. Fig. 6 is a diagram show ng anot her
exanpl e5of an apparatus for detecting a defect on a magnetic disk
substrate. Mbdde for Carrying Qut the Invention 15[ 0025]

Her ei nbel oviEffemt offsoliiveBenof this invention will be described in
detail with refergnge to the acconmpanying drawings. In this

enbodi nent, a dedBY :ﬂti on will be given of the case where a nmagnetic

di sk b i I b . . 0026] .. . T, hni cal,.
dea of thi o | nventTERRERE R SVt of P BREhipre s skt MBS dATab!
having a cagsa LAk ReYAshi Fhdla 1der dovfir S RSARAGG trtliblbcARY A3t
convex area, ereby” slppressing the occurrence of farlure In an

g EVLC e En h\ggide? Eh: ?W’cﬂﬂ@ttﬁé s0B8Fatd 4y ScatRrdd SR frorh!the RALERAENS detdtddy,
the number of defects detected to have a size of 0.1pm to not more than 0.3pm
is less than 50 per 24cm? and, with respect to the defects, there is no defect in
which, in a bearing curve obtained by a bearing curve plot method using an
atomic force microscope, a portion from an apex of the defect to 45% thereof is

15  located in an area of defect height higher than a virtual line connecting from the
apex of the defect to 45% thereof. Therefore, the shape and number of
surface defects are controlled so that it is possible to suppress the occurrence

of failure in an HDD device in which a magnetic head with a very small flying

height, such as a DFH head, is mounted.

20
Brief Description of the Drawings
[0024]
Fig. 1A is a diagram showing the shape of a defect on a magnetic disk
substrate according to an embodiment of this invention.
25 Fig. 1B is a diagram showing the shape of a defect on the magnetic

disk substrate according to the embodiment of this invention.
Fig. 2Ais a diagram for explaining the principle of detecting the height

of a defect.



25 mounted. [0027] Herein, the defect having the cross-section
shown in Fig. 1A i.e. the defect with the broad convex area,
represents a defect in which, in a bearing 10 curve obtained by a
beari ng curve plot nmethod using an atonmi@ force mcroscope (AFM, a
portion froman apex of the defect to 45%thereof is |ocated in an
area of defect height higher than a virtual |ine connecting between

The bearing cur ve 9ot o eas ey ol sRemed MAFbAR e siRtina the height,

atom c forcg ik geesgope represents a curve that shows a distribution
of heights (z-coordinates) of respective pixels formng a
t hr ee- di nensi onalFigt 3 uch Wiy raRC¥MbWiRg ble@irind Sunied ébtaimedaudin®ah @temic
(z-coordinate position where all the pixels 10are included, i.e. the
| owest z- cdorgdi mafresqups (AFdW).i n the t hree-di nensional inmage) to 100%
(hi ghest z-coordinate position in the three-dinensional inmage) with
respect 5t o t he hdiight is adiagrai shestinga saewmaticrstrtiojure2s. anviteparaiue for
t hree-di nensi onal inage is sectioned along plane A shown in Fig. 2B,
al | the pi datectiicea driadi@eR® MAGNEES disk SUBSIAE.ght in the z-direction
of a cross-secti is,15increased little by little. in der of B, C,
ohdD Shown & n IS SIS 2 ACTAREF cxpsagine setsiBaybrihe Bhedratis
respective Gross- tyons is generally reduced. [0029] Fig. 3
shows exanpﬁ%gg‘ﬁ'bwsﬁéa%‘i ng curves obtained by the bearing curve pl ot
met hod using the 3 q ) L kit r.di
axis 20 representhé't e?ﬁlé%ﬁ‘aﬁ@%ggsgﬁg%q #Hz;ét gélgsljtrl\gt c‘gﬁﬁa%gggféﬁaghe
substrape siHharip Fig i ven by 0% and the position (highest point)
farthest fromthe substrate surface is given by 100% In Fig. 3, the
absci ssa axi s re[Rigs® i § didtpasignowihg wRotheurixampider ah apatdias for
substrate surface. Herein, the atomc force mcroscope is an atomc
force m cr asxteg:moa thfechonshmagnetic Histy.subairate.r esol uti on of at | east
25 256x256 pixels in a 2msquare. In the case of a nmagnetic disk with
a recording density of 240GB, the bit length is 17nmwhile, in the
case of a magnetic _disk with a recording density of 320GB, the bit
length is 14ade forearsyine Sutithe dpitiono measure a defect of a
substr%e for thzo(ﬁrgéneti c disk with 11 the recording density of
such a 'Fevel, th ol ution of at |east 256x256 pixels in a 21,trn
square is requir r : Cle £ : i 3 .
grgqrfem%e%vv a%h%ogﬁ@%)lﬁ c%f 5'“*?#161 ‘%@oﬂg@ﬂ b%gdgé&léggzﬁ;?%ll

in Fig. 3, area Ing'i's carrie n obj ective

occupi es 4% tdfend8to tRe AEBLRBENARG WrakAgIEARHRIBHbJimERE adef ect .

description will be given of the case where a magnetic disk substrate is a glass

substrate.
20 [0026]

The technical idea of this invention is to provide a state where there is
no defect having a cross-section shown in Fig. 1A, i.e. no defect with a broad
convex area, thereby suppressing the occurrence of failure in an HDD device in
which a magnetic head with a very small flying height, such as a DFH head, is

25 mounted.
[0027]
Herein, the defect having the cross-section shown in Fig. 1A, i.e. the

defect with the broad convex area, represents a defect in which, in a bearing



5[ 0030] When a bearing curve of the defect of the shape shown
in Fig. 1A is obtained under such conditions, it is obtained as C
shown in Fig. 3. In this bearing curve, a portion froman apex of the
defect to 45%thereof is |located in an gpea of defect hei ght higher
than a virtual line (reference line) connecting 10fromthe apex of
the defect to 45%thereof, i.e. is located in an area on the right

side of t hech\% BhEE bi{ '&?:I\,]e(ea?@rg?del.g{)é Bl‘dt ?ﬁéthbﬁ u'é‘r%s%r?’ atomictfgﬁcem her

hand, a bearing curve 0 the 'shape own in Fig. 15 is

obt ai ned asm@?os?g)?\é”wﬁﬂfl)',:iag)orﬁon FBnt B %plgﬁ?%? itﬁégdé’ﬂébi’f“o 45RALLRT from

an apex of the ect to 45%thereof is |located in an area of defect

hei ght | owepcatBann an\dreh wildefdob @elght hrjreneeanlBvirfl liserRBAREEHY bétBen
the apex of the defect to 45%thereof, i.e. is |located in an area on

the | eft sitHe apkxtdfii¢che defcennd d poirt §f45%itigdrtect.i ne) in Fig. 3. [0031]
Wth respect to an area of judging whether the portion fromthe apex
of the 8efect to[@838]t hereof is higher or lower in defect height than

the virtual line_20(reference |line) connecting fromthe apex of the
defect to 45% t hdhsopeanng syvgoblapapby thg bapBRgd £HBIR B9t Metmbasing fhe

the apex taking into account that noise is included in.an area of 5%
from the iR GESIIGRSFaRS FePresents el e it aIvS 2 Ristiaution aidieights

Paohet o hogsoRd EERES: BispRefith PR foflptiscs HitEe BiiefSiod) filily °
Tagnet e v ) . |
by oad conyayBufitn fig. 28, HRERERE o Wk (4 BEbRIASL Ao AN pixels
curve qbt aizneshdiiddde 8RS idiibsk oeRrdhate PESTATIHHENAr SRR R

force 12 microscope, the portion fromthe apex of the defect to 45%
t hereof i s inega) ad100rst hiytrisea-cobrdirdegioditirgint thBithkerdititaizidri2e image)

virtual line connecting fromthe apex of the defect to 45%t hereof
[ 0033] 5Thivethdesfspett joutigrreightiis ap&directimdsiadwrein Ege @B yiViigeddfiect s in
advance three-dimensional image is sectioned along plane A shown in Fig. 2B, all the
pixels are included, while, as the height in the Z-direction of a cross-section is
15 increased little by little in order of B, C, and D shown in Fig. 2B, the number of
pixels included in the respective cross-sections is generally reduced.
[0029]
Fig. 3 shows examples of bearing curves cbtained by the bearing curve
plot method using the atomic force microscope. In Fig. 3, the ordinate axis
20 represents the height from a substrate surface, wherein the substrate surface is
given by 0% and the position (highest point) farthest from the substrate surface
is given by 100%. In Fig. 3, the abscissa axis represents the cumulative count
number from the substrate surface. Herein, the atomic force microscope is an
atomic force microscope with, as shown in Fig. 2A, a resolution of at least
25  256x256 pixels in a 2pum square.  In the case of a magnetic disk with a
recording density of 240GB, the bit length is 17nm while, in the case of a
magnetic disk with a recording density of 320GB, the hit length is 15nm.

Therefore, in order to measure a defect of a substrate for the magnetic disk with



using an optical defect inspection apparatus (Optical Surface

Anal yzer: OSA) shown in Fig. 4. The apparatus shown in Fig. 4
conprises a defect detection probe |laser 11 and a detector 12 which
is adapted to detect scattered |laser light in alnost all directions.
In the apparatus shown in Fig. 4, the |aser size is as 10snall as,
for exanple, about 5.im the |aser wavelength is short, and the

Tovas —  heTegiplitielslt i Rhia SRHEHL AP ARRN AL gt cRe a8 wppets i

t he appar at’au§lt”§‘ e F%ﬁﬂreﬂa Herbi Wﬁﬂg%g%e‘!@% ReEh %rea?iﬂp éu[l\ﬁeaﬁﬁ%wlﬁm

of defects detect to 1 avea5|zé_o JI'mto not nore
is less thang59 fek isViffled 8sEs0 tHathin dpjédtiva yersel fesP4540FNM
and a | aser power of 25 is irradiated with a spot size of 51.tm

ont o the suhdér @l achigvk acairhaty adasugmentraithé Hefepfibstrate i s
detected. Herein, in consideration of accurately perform ng defect
detectidbn (S/N rdd03)], the defect size is 0.1p.mor nore while, in
consi deration of magnetic 20properties and so on required for a

magneti c di sk wi tWhan @ kgarinscene of thiefiefect obihe ahges showrind;igt ha is
ﬁﬁﬁﬁgﬁ zi Zce&birt%egé?’ f Q&%ﬁ* ggéaigéﬁ,?,ﬁ? ‘Esaﬁttj%irﬂ?déﬁfT@ﬁtsgg\aﬁf}Hﬁ?@ ﬁgilégﬁis
J5tet eot siFETHE ST HoREn Tlpariank of the sRBH 1 35 haiBSt nSatee in
oxaml o, e EREABerAh R T ARERS Iitub iR G o) Phneotpg

where ghandaif Rabbbe behd @@ﬂe}%fov‘!m%e%ﬂ i, @sibgc%]éedﬁnznaarﬁﬁféé &h heSlidi

of 0.3mm are scattered on a glass substrate. , the histogram

i s obtai nedi@s osthewaféranté dne 38raighelint)iis Fid. v elOs imibthed @agtch bebahg
a peak P on this occasion can be separated. For exanple, the

di f f er ence doetenoinet defeounitibe sbhpdathesindd Higf He issoltagtad ds1C2dshatvn in
signal intensities %yeat er than the peak intensity and the nunber of
det ect ed ddfigcd.s IBdhisuprRringeclwaka psrticsgfieomean apexpef thetdefect tordSior e.

[ 0036] In the case of an gipparat us, which is shown in Fig. 6,
conpri si ng toeest isdpsatet inran aearrfagiecithaightdevesthanavisual lingrefeiense
directigns |like the apparatuys sho i n Fi 4, 4t . can _be simlarl)
useq i 5 gl Fobirat BTGB 8 spex of td sty toaale nERbr ok ve ooalid
i nvention, jt_i n | e t e i appar at us shown
in Fig. 4, qréas ?]tﬁfgé# g@et(ﬁtgg&gf\?g%ﬁgl @Fraﬁgﬂﬁ}egﬁgﬁ@. ?aser power
of 25nWi s irradi@@:@q with a spot size of S5iimonto the substrate and
scattered light fromthe substrate is detected, the nunber of defects

With respect {o an area of judging whether the portion from the apex of
the defect to 45% thereof is higher or lower in defect height than the virtual line
20 (reference line) connecting from the apex of the defect to 45% thereof, it is
preferably an area from 5% to 45% from the apex taking into account that noise
is included in an area of 5% from the apex.
[0032]
Therefore, as described above, in order to suppress the occurrence of
25  failure in the HDD device in which the magnetic head with the very small flying
height, such as the DFH head, is mounted, it is necessary that there be no
defect with a broad convex area, i.e. there be no defect in which, in the bearing

curve obtained by the bearing curve plot method using the atomic force



15 detected to have a size of 0.1 pmto not nore than 0.311mis |ess
than 50 per 24cn®, and further that, wth respect to these defects,
there is no defect in which, in a bearing curve obtained by the
bearing curve plot nethod using the atofpc force mcroscope, a
portion froman apex of the defect to 45%thereof is |ocated in an
area of defect height higher than a virtual |ine connecting fromthe
20 apex of the defec# to 45%.t hereof Tha netic.disk

Copapen o ihibostobE  Ind, Baiofiion HE Redbat s efeft B 4B t?%reafgs'%at&fi in
0.1 pmto tr}ﬁ%her ?LBQ@& Re Pl%lg%e?%aﬁt?ﬁeavlr@uﬁq e({Oang @Hﬁn‘?{heoépex of

| ess and f eére 1s provifded no de

broad convgy %?@ottglagb/g{rg@@f it is possible to suppress the
occurrence o? failure in an HDD device in which a magnetic head 25

with a very smal ljof33j ng hei ght, such as a DFH head, is nounted.

[ 0038] Hereinbel ow, the nmagnetic disk substrate w | I be descri bed.

[ 0039] 514 Thiddetearpidemeat iopetfoenathgftet spealiyaig Sefestsriataaivaus@
can be made of an alum nosilicate glass, a sodaline glass,

bor osi | i catusing asoptiaal defaet inspectingranpanatual (Opyicalosurfaree Anafezer 0OSA)
Particularly as an_anorphous glass, the alumnosilicate gl ass can be
preferably i indig e s ThE 3@&6&5% phowafn fi. ﬂgc%ﬁlé?rﬁsc%ﬁﬁfﬁc’f detection

whi ool o otape e it and & St B iichis SoRRA o A rEratiered fseR ioht
o acs or o BreUBRSE] iedlonsy VP funaiafe SO GOd5s e AR e
di sk igq fa@rhéﬁ?‘é%%%xérﬂﬁ@ %Qoﬁf lrﬁag‘}e\/@sma%ﬂeﬁ A% &hoAD aEB‘?q%g?wer

magnetlc disk suBstrate having e-nmenti oned structure

i's, normelliyjarge @BQHQHH@E éléfél?t d&e%é&%ﬁv@% Bighst acking an
underl ayer, a magnetic layer, a protective layer, and a |ubricating

| ayer in this ordes34in a magnetic disk substrate. The underlayer in
the magnetic disk is suitably 15sel ected dependi ng on the magnetic

| ayer. [0041] With resyecdt to theawubacoiudefagtsiut thed.sef ofdhasgppatatos di sk
substrate according to this invention will be described. In the

fol | owi ng d&own ipthilgnd, ihisdﬁﬂw@\wﬁihafg:rm Heringmbgr ghgaectscdefested to
gl ass §I%bSthra%teea g\fnzclalof%ef Srﬁstgrnlot more than 0.3um is less than 50 per 24cm? when
laser light with a wavelength of 405nm and a laser power of 25mW is irradiated
with a spot size of 5um onto the substrate and scattered light from the substrate
is detected. Herein, in consideration of accurately performing defect detection
(S/N ratio}, the defect size is 0.1um or more while, in consideration of magnetic
20 properties and so on required for a magnetic disk with a high recording density
of 240GB or more, the defect size is 0.3um or less.
[0035]
The detection of the number of defects of such a size is largely affected
by the noise level of the apparatus shown in Fig. 4. It is necessary that the
25 defect size be defined per apparatus. In order to define the defect size, a
histogram of the signal intensity is produced by, for example, as shown in Fig.

5A, performing measurement in a state X where standard particles (polystyrene

particles) with a particle size of 0.3um are scattered on a glass substrate.



20[ 0042] The manufacture of the magnetic di sk substrate
conprises (1) Shaping Process and First Lapping Process, (2) End
Portion Shapi ng Process (coring process for formng a hole and
chanfering process for form ng chanferedsfaces at end portions (outer
peri pheral end portion and inner peripheral end portion) 25(chanfered
face form ng process)), (3) End Face Polishing Process (outer

Capping. pr ol & e Ba @i SEeREte SUFHT n PG OBy o b@and (ReM NS
second pol i\ghif &Wa‘?% ﬁ’on"f@%ﬂoéd&%x bé %e?ér%*eé“bfsérr%ia‘?% pig, the

gl ass substrate a ch cal stren enl ng process nmay arried

out after tdifershice b‘é%ééﬁ%é)ﬁhtrﬁa@r Bgdéfe@t‘@ﬁéefefstsrtﬁa%a@éovat ﬁgﬁémer
there is a case where the end portion polishing process and The

second | apphtagsiiiesageataritiean ewepssidintengitydaid theMdddersdisiddesed idefiskts
above, the magnetic di sk substrate is manufactured through the

vari ous 5pr cresséshe baek is reqpirgdriotbe pteed@or ntdre. f or mati on of the
speci fic defect shape, anong defect shapes which are forned on the
substrate main suPfa@ks, as in the case of the magnetic disk
substrate accordi nggto this embodi ment rticularly the final

pol i shi ng processIn e 8t af‘laﬁﬁ’iaf:@“%r‘ﬁﬁ'&gﬁ SheWR i 5t & CRPRNSHIS: |

ur faes haCIBERIF ARG LABIoet Pt PR 1B AL A CrRioeay Rp e
rocording dens Ly A tFif 4 REL058 Stk SELES 11 AR entdape i ze

t hereof dep on "t he poli sti ng con hal pol i shi ng
procesgg Many of rggsypus polishing conditions in the final polishing
process affect the shape of the substrate main surfaces, but, in

order to prevent Adi@essiHd s, of this fRBAESN Of istdontrenes stibk tsdtamean,
particularly the processing rate (processi ng speed) and the

processi ng ysings ther epearatusngiavenin big. 42250048t with a waveklargth obd06mn nd
description will be given of the final polishing process that
pol i shes ned laseupoweesf aﬁméN i asliafed stithea epoissing ohSpeoniodhe sgbsirate
type poli shiwg machi ne. is needless to say that the final
pol i shing # %’ﬁteé%hﬁﬁt fé%{ﬂrthﬁéubﬁFaW is Wetactedithg mﬁ%b%‘ﬁrﬁj@rf%ﬁt? gear
type pql.i shj hine. Far 2 hefnal oI|S|n
iy be 18pp 1 RGe1E8 6 Hevgie-aee S Bebimhie nabmaee 4 & el per
pol i shing r%pﬁj,]%hd further that, with respect to these defects, there is no defect in
which, in a bearing curve obtained by the bearing curve plot method using the
atomic force microscope, a portion from an apex of the defect to 45% thereof is
located in an area of defect height higher than a virtual line connecting from the
20 apex of the defect to 45% thereof. Thatis, in a magnetic disk substrate 1 of
this invention, the number of defects with a size of 0.1.um to not more than
0.3um is set to a predetermined number or less and further there is provided a
state with no defect having a broad convex area. Therefore, it is possible to
suppress the occurrence of failure in an HDD device in which a magnetic head
25  with a very small flying height, such as a DFH head, is mounted.
[0038]

Hereinbelow, the magnetic disk substrate will be described.

[0039]



[0046] In the final polishing process, the glass substrate is
polished by 16 relatively noving polishing pads and the gl ass
substrate while pressing the polishing pads onto both main surfaces
of the glass substrate. In this event, tf#e nachining anount per unit
time is the processing rate and the pressure pressing the gl ass
substrate is the processing pressure. 5[0047] For manufacturing the

oroferanl o ¢ hat the yTaEIREBRE o R SHHRGRTRES cah's Sage sy an,

preferabl e that t'he processin & 'n~a range

Lo 045D ™ SmiRedidhe gMac 8Sidikl GasIFplesihd fads idnge of 8. 0P

to 10.5Pa. The shing conditions have relatively small

10i nf I uenceguamsurhhagReSiuRCalldyl Bt thetiikee, Priricularly BS atasfofphouk Ylass,
exanple, a 2.5-inch disk (05mr), it is possible to set the hardness

of the politskialgmpaddicate 8RstAskdre frefamtivased andrrhbef papability of bekey
of an abrasive to 0.80,Lm. [0048] For manufacturing the magnetic

di sk sulsst reitamisgathosidéngtheoed kind cepabbibdohpnoviding airsagnaicetishbebstrate
after polishing the substrate at the processing pressure (nain
processi ng YWhiehdw exgelient &hawdn sufaes dainess andsybstratesisengih. t s a

substrate be polished at rocessin ressure (e.g. 1Pa or |ess

| ower than TRETRAPH c‘é@?&@ﬁﬁaé@@?ﬁ% 'C?%mLaH@CTiaﬁ‘a?mBmahoéﬁigﬁ 32""3
process. Particularly, 1t.i ferabl e that the polishing be carried
out at thi &'F‘%W%'%&%‘ﬁégﬁlyﬁba@%e@r@a? "for a 20tine about half the
polishing tine of ggbi shing the substrate at the nmain processing
pressure. This m; es 1t possible to reduce the nunber of defects and

Lped! Y2 e P k miaahseasy ipglagabapagfolibveron e
substrate aﬂeghéﬂimgisk@ubbfrste having the above-mentioned structure. That is,
normally, a magnetic disk is manufactured by stacking an underlayer, a
magnetic layer, a protective layer, and a lubricating layer in this order on a
magnetic disk substrate. The underiayer in the magnetic disk is suitably
15 selected depending on the magnetic layer.

[0041]

Next, a manufacturing method of a magnetic disk substrate according to
this invention will be described. In the following description, a manufacturing
method of a magnetic disk glass substrate will be described.

20 [0042]

The manufacture of the magnetic disk substrate comprises (1) Shaping
Process and First Lapping Process, (2) End Portion Shaping Process (coring
process for forming a hole and chamfering process for forming chamfered faces
at end portions (outer peripheral end portion and inner peripheral end portion)

25 (chamfered face forming process)), (3) End Face Polishing Process (outer
peripheral end portion and inner peripheral end portion), (4) Second Lapping
Process, and (5) Main Surface Polishing Process (first and second polishing

processes). When the magnetic disk substrate is a glass substrate, a chemical



enbodiment, it is preferable to obtain a nagnetic disk gl ass
substrate by, after applying a chem cal strengthening treatnent to a
gl ass substrate capable of being chemcally strengthened, polishing
mai n surfaces of the substrate. By 17 p@ ishing the substrate main
surfaces after applying the chem cal strengthening treatnent

(i on-exchange treatnment), the roughness of the main surfaces can be
further re Fr?erﬁrt i I f ac PES ;
required fgéf{ eh%gééﬁ?&%égisplﬁﬁ&}bgﬁﬁazﬁg%)gﬁgeﬁ@Hréerﬁ%rﬂdgl ng gi@ gpﬁnﬁas

been si gni fheaBéd i ned8sERPSI ParthBAMLGENY Q%%@Were'tﬁe@n_@%or{i&] Eaﬁérﬁrﬁg’
this requirenment, it is preferable to obtain the magnetic di sk gl ass

substrate byroappd ghidthd Becomd Rppind poeepohishiveesdd padraent after the
chem cal strengthening treatnment. [0050] The surface

roughness Ra of t[A648kgnetic di sk substrate according to 10 this
enbodi nent, measured using an AFM (el ectron force m croscope), is
preferaldl y 0.15nMedesgied alonsl themagmetic tisk subistigte isgnaadiastureddi sk
substrate according to this enbodi nent, when perform

! p ng final

pol i shi ng u§rHph the ArgNetRipGesesy bvyﬁéowré@)w@mnﬁ@%g&maﬁl@p of ee
rel ati onshi p bet n the on-its-axi tation speed_of a carrier,_ an
e or bi ¢ al Shesiin eRCL s amakideiRel siapes ik B famstb St S itite
al so becones | t,.[: ! . .
o o0 oo e oG, oot 8 PGS S BB o
pol i shing FhferR! 55%EHaAY tRe HRRGSoIRAMY AWBEsS WBRE D oRbhihY Protds
substrat esgﬁﬂ?% Pﬁe t’hfga%@ar Falﬂgr 'eﬁﬁeﬁ:?o In tgrflﬂs s% a{é:a,c tﬁzjog%alsg%r 7
substr gpes @MY inghtethiwhen the carrier orbits while rotating onits
axis. By controlling this state, the surface shape of the substrates
can be control |l edo0$glecifically, in order to properly obtain the
magneti c di sk substrate (magnetic disk glass 25 substrate) according
to this enbodi nenkhe iaquirenmrdfiertablshape of éhe shlestrateirmaibetuisens thiae been
on-its-axis rotation speed and the orbital rotation speed of the
carrier w tmbeh sargigectdelioving the irgprqugowat in recording density and most of

factors that determine the shape/size thereof depend on the polishing

15  conditions of the final polishing process. Many of various polishing conditions

in the final polishing process affect the shape of the substrate main surfaces,

but, in order to prevent the occurrence of a defect of the specific shape,

particularly the processing rate (processing speed) and the processing pressure

are influential.

20 [0045]

Hereinbelow, a description will be given of the final polishing process
that polishes main surfaces of a glass substrate using a planetary gear type
polishing machine. Itis needless to say that the final polishing process can be
carried out without using the planetary gear type polishing machine. For

25 example, the final polishing process may be applied to the glass substrate using
a single wafer type polishing machine.
[0046]

In the final polishing process, the glass substrate is polished by



18 Then, the nagnetic di sk substrate obtained through the
above-nenti oned processes is defect-controlled such that when | aser
light with a wavel ength of 405nm and a | aser power of 25mWVis
irradiated with a spot size of 51,tmontl® the substrate and scattered
light fromthe substrate is detected, the 5 nunber of defects
detected to have a size of 0.1 pmto not nore than 0.3iimis |ess

than 50 perpg ﬁfe}fe tmlégﬁ'm I%Hﬁ{grﬁélﬁlb nd"iHehgléé’éﬁﬁﬁét 48 vﬁm?@reggihg%é

there is no earli ng curve o tal ne

bearing curpdishlinetp é@t@md Bisth MgainBufhess ef fHer 8saEGh&apReren msp@ﬁémon
froman apex of the defect to 45% thereof is Tocated in an area of

def ect hei ghe ragfieingtdmoumt perrdnitatimée ihelfrooassied ratg dridotmet dresayrex
of the defect to 45%thereof Therefore, it is possible to suppress
t he occur r gneesiof tiﬁeg[aﬁsesuhstrate labe deetassingpressare.a magneti ¢ head
with a very small i ng height, such as a DFH head, is nounted.
[0054] Phe magnet D@ sk substrate according to this invention is

preferably, 15conil gud SUER LIEL Ahe SUPALI e Rag 2 dlok chpe v i1
t to t { 1009 di ff
FEARRR TS N R R T R T
f 8 0
o o S T U AR MRS
is 0.01 or dgpatbaovspale ‘P’W@Bth%ri)%%gh;ﬁ %Bhﬂm%ﬁg%%%%%v?ﬁ%u area

i's nmeasured usi ng an atomc force mcr scope wth a resoldtion of

256x2580pi %efigdncedidnt thissare ot finitative Wigin theechstsofa faragreiple, 82%Kinch
it is possible to reduce variation in S/N on the inner peripheral

si de and t hislo(iicdmmegrit shersaibls taseibthethaedsedssofrthe goliBoing pads to 85
manuf acturing the nagneti c di sk 25substrate of such a structure,
final poli Aeker (&ﬁ;argeewraﬁdetbemﬁm@j@sr@ oftan ahrasivedoy.geen). t ype
pol i shi ng machi ne for exanple. [0055] The magnetic di sk substrate
according to thli Plent i on preferably has a 19 structure V\/mch IS

e ot AR PRl SIS eSS B
o o BB I i Bl
and then t tb‘?'essuna (main processing pressure) intended for the polishing processing, the
substrate be polished at a processing pressure (e.g. 1Pa or less) lower than the
main processing pressure in the final polishing process. Particularly, it is
preferable that the polishing be carried out at this low processing pressure for a
20  time about half the polishing time of polishing the substrate at the main
processing pressure. This makes it possible to reduce the number of defects
and to prevent the occurrence of an abnormal defect (defect of the specific
shape).
[0048]
25 For manufacturing the magnetic disk substrate according to this
embodiment, it is preferable to obtain a magnetic disk glass substrate by, after
applying a chemical strengthening treatment to a glass substrate capable of

being chemically strengthened, polishing main surfaces of the substrate. By



recorded area is rapidly cooled to stabilize the nagnetic state. In
such a case, if a defect of the above-nentioned specific shape is
present on the substrate, the difference in heated tenperature occurs
bet ween a magnetic filmformed on the ddifect and a nagnetic filmin
ot her places, thus causing failure in 10 information recording. Since
the reliability also decreases, it is preferable that the magnetic

di sk substr i ESa (¥ : i i
Substr at o for Sl e YRR B o R A e n B TR
di sk. [ 0057t}ea'|fﬁ%nm6ﬁf§>dcﬁa§%é kreatrhEkt) ah8 raGGINEEser the ridihSurakes thAbe
may have a 15structure in ich only one of 'its main surfaces is free
of the prederther @fdueedef Patiicalatyhtheabayrat® st iface fosgiewistireqsirepfor the
this case, using the surface with no defect of the specific shape as
a recor di ngesenif perpendiculas npagretiol recomlingasystent hassbeemaigndicaotiyli sk
with only one surface serving as a magnetic recording surface..

20[ 0058p  decreasingfhan aom@;‘glpnpti dn ofgen tosatiginibis reruERaEHt.dsiswhi ch
were carried out faor clarifying the effect of this invention Herein,
a descri pt inﬁPeiKP‘P'P g ‘f{)éhg maggr}%'céé%‘eg'ﬁﬁ%?éb%"ﬁ?é%a@ﬂwﬁgFB% 8'3Rs

d ic.disk ) 00591 .25 | e).
Lerai apel omiaEhutishig BT bier bt ihpR T e ino fiatmeRtt nods

of manufacturing [%wgneti c disk substrate and a nagnetic disk to
which this invention is applied. These nmagnetic di sk substrate and

magnetic disk ar qh@&ﬁ%@ﬁo@%ﬁHé@@'R@%f%Wt&é@ rﬁ‘i’él@&ﬁ@?ﬂt@%c% ding to

predet erm ned shape, such as™a 3.5-1nch dis or a 2.5-1n

di sk (dp65Ak. erhB&@Rert heSbaridngsify 86 AFM aaldcirbh $dreb 3BiRFM@OPERGESS

5In the magnetic di sk substrate nmanufacturing nethod according to

t hi s Exanplmeferablgtl.1bmpmrigss.grinding) is applied to surfaces of a
plate-li ke glass to obtain a gl ass base nenber, then this glass base
menber is cut, tHeB®Hy cutting out a glass disk. As the plate-Ilike

gl ass, one of various plate-like glasses can be used. This plate-Ilike
gl ass can be mnm@@m@acbwmg tha fggnetic disk substrate according to this

embodiment, when performing final polishing using the planetary gear type
15  polishing machine, the relationship between the on-its-axis rotation speed of a
carrier and the orbital rotation speed of the carrier orbiting in the machine also
becomes important.
[0052]
In the planetary gear type, a plurality of glass substrates are held in the
20 carrier. Then, polishing pads are pressed onto upper and lower surfaces of the
glass substrates held in the carrier. Then, in this state, the glass substrates
are polished when the carrier orbits while rotating on its axis. By controlling
this state, the surface shape of the substrates can be controlled. Specifically,
in order to properly obtain the magnetic disk substrate (magnetic disk glass
25 substrate) according to this embodiment, it is preferable to set the ratio between
the on-its-axis rotation speed and the orbital rotation speed of the carrier within
a range of 0.15 to 6.
[0053]



10 manufacturing method such as a press nethod, a float nethod, a
downdr aw net hod, a redraw nethod, or a fusion nethod using, for
exanple, a nolten glass as a material. |If the press nethod is used
anong them the plate-like glass can be{ganufactured at | ow cost.
[0061] 15In this Exanple, a nolten alum nosilicate glass was nol ded
into a disk shape by direct pressing using upper, |lower, and drum

mol ds, thereby obfalning n%ﬁErdPJ‘oétgotsBJa?é Béaiirhe%t%%&? gfes the

al um nosilicate gl ass, Use S~ nade a glrass contaitnihg, as nain

conponents, é/%%neﬁﬁ(gﬁe%ﬂ b%c\%g%%szfg%f%g%%rﬁwlIgﬁits‘alca‘?t%%lﬁ]éa% ga%% ﬁ%t;/\?vﬁl?

| OMm % and IWwm%to 13 hen,

applied to dJWféUelﬁﬁth stddsaRandla lker pbateol 250V0isipRdidtee Watbya spot size
obtai ning a di sk-shaped gl ass base nenber. The | apping was carried

out usi ng afdaubbatsiheesulsbptagndschitereddigbt rphmihessybisanes Brdetgeted, the
mechanismw th the use of alum na-based free abrasive particles.

Speci fi bal Inumias afrefectp pietecteddo bave nexizepot 0.Bpnpioenctimgred tgpi hgpm is
surface plates onto both sugfaces of the plate-like glass fromthe
upper and |estethas&feper %ﬁ@p?,m@gfuathgr thedi wigh F&?Sﬂﬂcéit%%ﬁséid{ﬁfﬁ@tsﬂﬁl@fe is
free abrasive rticles onto, the main surfac Q he plate-|i

gl ass, and r}oe‘lj‘%gptl@lV)‘fh‘ﬁBv‘i”rfbb?W@%P‘é[t@ﬂ t%'Begﬁ%(stge;ﬁ&”BﬂéUé‘(ﬁ Pége 21
plates to e t S i t he r vin
Phe f1at miratenr s an oL Rttt PR 70w RN Al ey ooBt eEet
(Coring, Fqpise theﬁ%é‘%% el irT’EH%{? a bPBeflRRS h?ﬁﬁ;h@?f%ﬁ( a Wudtithe
using a dianond cutter, ereby cu ?I ng out a gl sk-"shaped gl ass

substrape fdpReEi®) FbASHhLARS MRABYMefecthEeRE %A FidiSoR THerETdre GBS possible
diamond drill, aninner hole was fornmed at a central portion of the

gl ass substtpaupprdseaneiccobbpt@bntailare RrVHBD gedss i1s WhsdH atagnetic
(coring). Then, grinding was applied to an inner peripheral end face

and an out dreatiOpitr apleey amadirflyifgaleeight isngh disanDRH lypad)ds troneded .t her eby
carrying out predeterm ned chanfering (formng, chanfering). [0064]
(3) Second Lappi hé0%*ocess

The magnetic disk substrate according to this invention is preferably
15 configured such that the substrate has a disk shape with a hole at the center
thereof and, assuming that the distance from the center to the outermost
periphery is 100%, a difference (RaO-Ral) between an arithmetic mean
roughness (RaO) of a main surface in a range of 80% to 90% from the center
and an arithmetic mean roughness (Ral) of the main surface in a range of 10 to
20  20% from the center is 0.01 or less (a value when a 2pum * 2um square
measurement area is measured using an atomic force microscope with a
resolution of 256x256 pixels). With this structure, when used as a magnetic
disk, it is possible to reduce variation in S/N on the inner peripheral side and the
outer peripheral side of the substrate. For manufacturing the magnetic disk
25 substrate of such a structure, final polishing may be carried out using the
planetary gear type polishing machine, for example.
[0055]

The magnetic disk substrate according to this invention preferably has a



Then, second | apping was applied to both main surfaces of the
obt ai ned 15gl ass substrate in the same manner as in the first |apping
process. By carrying out this second | apping process, fine
irregularities forned on the nain surfacggs in the cutting-out process
or an end face polishing process as a precedi ng process can be
removed in advance, so that it beconmes possible to conplete a

B L L
e SRR R, SRR ey 2, e

IS
pol i shing abrasiveppgrticles, use was made of a slurry (free abrasive
25particles) containing ceriumoxide abrasive particles. Then, the

gl ass substrate Hathatehbassisieh)magestid @cbhiing e magnptid dRRI B9 area for
process was washed with water. By this end face polishing process,

t he end5f acesomfing ndomhatas isubeallydiented terddond theethferonatiom andthen the
surface state that can prevent precipitation of sodiumand 22

pot assi um 'EOOBEH e inERidBGaCkREIIRbEREe Hip Megeets stater stn Puih 8BRS

Process) A,%i rs ol_i shi ggvé)rocess was fjirst carried out as a min

f
surface polll 3FFRFt SR BRIvE-MENdioneH SPepiPisEAPRJS Bresess oniBe sHYSHAlRs
bove. ment (DT aRRT Kb BrEodeaperaiiib Bk Refirth aiMhediicil Htoldet B
}]he. MBI N SYLLAERS e, R%Edr%'ﬂs‘i‘ier%ﬁ B?}]eqtph%é@ ﬂi&‘@a%sﬂﬁdrta?lmé‘& machi ne
aving a planetary gear chani'sm w e use of a resin

Fgloiesg]h%- GaforthatiON réSorANAS I iRcd Bid fehibBiityBIs6 déBRAsRE, ATs PRAEBR et
the magnetic disk substrate according to this invention be used as a magnetic
disk substrate for use in a heat assisted magnetic recording type magnetic disk.

[0057]

The magnetic disk substrate according to this invention may have a

15  structure in which only one of its main surfaces is free of the presence of a
defect of the above-mentioned specific shape. In this case, using the surface
with no defect of the specific shape as a recording surface, it is possible to
manufacture a magnetic disk with only one surface serving as a magnetic
recording surface.

20 [0058]

Next, a description will be given of Examples which were carried out for
clarifying the effect of this invention. Herein, a description will be given of the
case where a glass substrate was used as a magnetic disk substrate.

[0059]

25 (Example)

Hereinbelow, a description will be given of an Example about methods

of manufacturing a magnetic disk substrate and a magnetic disk to which this

invention is applied. These magnetic disk substrate and magnetic disk are



(6) Chem cal Strengthening Process Then, chem ca
strengthening was applied to the glass substrate having been

subj ected to the above-nentioned | appi ng processes and polishing 15
processes. The chemi cal strengthening wa$ carried out by preparing a
chem cal strengthening solution in the formof a m xture of potassium
nitrate (60% and sodiumnitrate (40%, heating this chem ca

st rengt heni |yt t .ang ] i

substrat et BRagBe ik e £ G L Rl S BB R s o
sol ution fof 53h0MLisR (HBY e iR S p88sPcarried out in the
stat e wher gg’a p%rél i(ttﬂy 'g?.')g ass substr’at(g)s werg pl aced in a hol der
so as to be held[gpspheir end faces, thereby enabling the entire
surfaces of the glass substrates to be chemi cally strengthened.
[0068] By carryi ng) ShaptrieP fovess aindiFitst appigtProsesdie cheni cal
strengt heni ng 25sol uti on as descri bed above, |ithiumions and sodi um
i ons inb%a surfacdnlthgeragfetichiisigbuizsiraiaisambaciutng mathbd @edolsing tadihiam
ions and potassiumions in the chem cal strengthening sol ution,
respect i vel xaraple; fiest, leRping| (a58diaghist arRledite ssirfasag Ohardate-likgegdlass to
t hi ckness of a conpressive stress layer fornmed at the .23 syrface

| hyer of t MO GRSS BaSPATET e BB IS Sl RASEIDBUP T ooy Hisseby
substrat e hayi.ng heen,subj.ecte ot hem cal strengthening .

Creat mont vASTSRUrE B IER, A i hidfe-THE G168 e b PRI R Rl
cool ed and I Lhed fo _ | Then, i

cool ed ¢l asgg@g%eb%géérna?ée u\%gg i m&@g l?}% %\g\# k/?'i l?lef[ﬂrsﬁ%fa%ﬁ'ﬁga %ga%dﬂé%p\?%
about 40C HanagchRindemetiRrNashh &35 t8ds ml )| PRSat PHOMbH a5 ol Ag
been subjected to the sulfuric acid cleaning was i mMmersed in
respective mbktwid agebaivi satho®Usrea ei®T matithd B4ng] Boexanipie,al eolteh)

inturn so as to be cleaned. 10[0070] (7) Main Surface Polishing
Process (Figlass &pkimsbtangl.Prlbtessiess method is used among them, the plate-like
glass can be manufactured at low cost.

[0061]

15 in this Example, a molten aluminosilicate glass was molded into a disk
shape by direct pressing using upper, lower, and drum molds, thereby obtaining
an amorphous plate-like glass. As the aluminosilicate glass, use was made of
a glass containing, as main components, SiOp: 58wt% to 75wt%, Al,O3: 5wt% to
23wt%, LioO: 3wt% to 10wt%, and Na,O: 4wi% to 13wit%.

20 [0062]

Then, lapping was applied to both main surfaces of the plate-like glass,
thereby obtaining a disk-shaped glass base member. The lapping was carried
out using a double-side lapping machine employing a planetary gear
mechanism with the use of alumina-based free abrasive particles. Specifically,

25 the lapping was carried out by pressing lapping surface plates onto both
surfaces of the plate-like glass from the upper and lower sides, supplying a
grinding liquid containing the free abrasive particles onto the main surfaces of

the plate-like glass, and relatively moving the plate-like glass and the surface



Then, a second polishing process was carried out as a final polishing
process. This second polishing process ains to finish the main
surfaces to a mrror surface state. In this second polishing process,
the main surfaces were 15mrror-polishe@lusi ng a doubl e-side
pol i shing machi ne having a planetary gear nechanismw th the use of a
soft resin foam polisher. As an abrasive, use was nmade of cerium

ft resin | s ve, us: .
The cor i um o e et D8 RFBPll, e gfef 2ope i ber hafg e far

process. Theapl affacedbssd ab@ifwyi Nng been subjected to the second
pol i shing process was 20i nmersed in respective cleaning baths of

neutral detergent[DOpBye water, and IPAin turn so as to be cl eaned.
An ultrasonic wave was applied to each cleaning bath. [0071] By
carrying out the (B csittingapyit Rgogassd€sxsingt herngingt Chgndetingr ocess, the
25second | appi ng process, the end face polishing process, the first
pol i shi g pr ocesslhaméhe gasshasesnembgt Wasi G Upingc dameniceiiry, Besehiy
pol i shing process as described above, there s obtained a f|at,
smoot h, and® ‘i"b%g"ﬁ‘i%ﬂ!ﬁ%&%r@??%%’?%‘kaq%m glass base spgmpe( g) hen,

of the g adSn BRVVRTICH P RhA ST e et vl B sl R 04l pOAER of
of " coraz TRt AEFEAREE S A dpnfel Slss RARE el (corhg)

under | ayer FiaH, Reindirdf @RS Bplicd tdI8H Wit periBRERE BALGHES BnARINGIEE
recordi ng | ayer "having a granular structure of a CoCrPt-based all oy,

a prot goti veeriphges! evid fayd ety Siamorangriraistotys, gadreby chayiig it

per fl uoropol yether were forned in this order, thereby manufacturing a
per pendi culmedatgmétadchantaridgnfprdiisd,. chdmnferisgeci fically, an 10
adhesive layer of O Ti, a soft magnetic |ayer of CoTaZr/Ru/ CoTaZr, an
i ntermedi ate | aydP0@4] Ru, a nonnmagnetic granul ar underl ayer of

CoCr Si 02, a granular magnetic | alger of CoCrPt-Si02.Ti02, and a

hydr ogenat ed car BéhSBP%g‘éEﬁP%‘gle%re formed in this order on the

alass Subot 1 ate uhg R0 Akl MRS KB I PREI AL 1 optanes
0,00 TS 08k R 1 8 M AP Pl GRS oy caryin
out this second lapping process, fine irregularities formed on the main surfaces
in the cutting-out process or an end face polishing process as a preceding
process can be removed in advance, so that it becomes possible fo complete a
subsequent main surface polishing process in a short time.
20 [0065]
(4) End Face Polishing Process
Then, the outer peripheral end face and the inner peripheral end face of
the glass substrate were mirror-polished by a brush polishing method. In this
event, as polishing abrasive particles, use was made of a slurry (free abrasive
25 particles) containing cerium oxide abrasive particles. Then, the glass substrate
having been subjected to the end face polishing process was washed with water.

By this end face polishing process, the end faces of the glass substrate were

finished to a mirror surface state that can prevent precipitation of sodium and



By incorporating the above-nentioned magnetic disk into a device, a
magneti c di sk device was manufactured. Since the structure of a
magneti ¢ 20di sk device is known, a detailed description thereof is
omtted herein. [0074] (Exanple 1) 22 By applying the follow ng
pol i shing conditions to the second polishing process of (7) Main
Surface Polishing Process (Final Polishing Process) 25descri bed

above, a ”3§ﬂ8§§ﬁnpi5k substrate, a magnetic disk, and a nmagnetic

di sk device"were manufactured. In this Exanple, a 2.5-inch disk
(465mM) was nanuq@gggred. The specific polishing conditions were such
that the hardness of polishing pads was set to 85 (Asker C hardness),
the particle sizgspMaan SwfacaPsighitg PRcBsSFirstiFfdisiingceesksg) rate to
0.301.smmn, and the processing pressure to 9Pa. Mirre specifically,

t he processi ng priefsipelishing peoteszalvapiist shiriegl quicses snainsudhemgelishing
two stages so that, after perform ng polishing at a main processing
pressur & ofpropass.or This firgdutishimgriacesamainio Binshtnprees sracss Lo stains
at a processing pressure of 1Pa for a time half the, predeterm ned
time. In tHesanigaon theengincaiiacesduing thashopeveritigngg IBPRISSRTacesREs.

2.7, "1 007 T ARG B8 re. R (RAE S 12ERs R RS U RSROG Ase
i o7 oscope SR S REEF RS PE a ie AL A Sit  se

and, a5 & 16reyihing (e BBISHRIS! CERARAOUBRRRE AL s dickdnB o

[ 0076] Then, t magne ”L I sk glass substrate an e magnetic
obt ai ng¢h 15dAsii/ee above-nenti oned Exanpl e were subjected to a defect
i nspection using the optical defect inspection apparatus
(manuf actured by [KD@7[Tencor Corporation, trade name: OSA6100) shown
in Fig. 4. In this event, an area of 15mmto 31.5nmfromthe center
of the substrate (Gh€heesisairSiengibening frooesssur enment condi ti ons t hat
the | aser wavel ength was set to 405nm and the i
en, chemical strengthening was applied to the glass substrate having
been subjected to the above-mentioned lapping processes and polishing
15 processes. The chemical strengthening was carried out by preparing a
chemical strengthening solution in the form of a mixture of potassium nitrate
(60%) and sodium nitrate (40%), heating this chemical strengthening solution to
400°C and preheating the cleaned glass substrate to 300°C, and immersing it in
the chemical strengthening solution for about 3 hours. The immersion was
20 carried out in the state where a plurality of glass substrates were placed in a
holder so as to be held at their end faces, thereby enabling the entire surfaces
of the glass substrates to be chemically strengthened.
[0068]
By carrying out the immersion treatment in the chemical strengthening
25 solution as described above, lithium ions and sodium ions in a surface layer of
the glass substrate are replaced by sodium ions and potassium ions in the
chemical strengthening solution, respectively, so that the glass substrate is

strengthened. The thickness of a compressive stress layer formed at the



20 | aser spot size to 5pm As a result, the nunber of defects
detected to have a size of 0.1 p.mto 0.3p,mwas 40 (42 in the case
of the magnetic disk) per 24cnR. Further, bearing curves were
obtained for the defects by the bearingsgurve plot nethod using the
AFM and, as a result, any of the defects was a defect in which a
portion froman apex of the defect to 45%thereof was |located in an
area of 25defect hei | ower t han virtual | Lpe connecting fromthe
apex of theSng?fcgéf’Y‘%'g&tiB% %%&Str@% H’@Pé’g{ouf ﬂg@“@xhi bits a curve

i ke C2 shown in 65@9 3), i.e. there was no such a defect in which a
portion from an a{pex ]of the defect to 45%thereof was |ocated in an

area of defeol Nerhhia8gigeykBatiind bLHaLikbne 1cdfic RRgEL g [ om

t he apex of the de t to 45%t hereo ect that exhibits a curve

li ke O shaowrer &iiﬁ%tr%)atmbﬁf@hgﬁﬁhﬂrséfﬁm Byt withed 200C 3% & to be
specific defect). [0077] 5An underl ayer, a nagnetic |ayer, a

prot ect Bve rapily coalad amd whs neaniaiged fay eboueT®nit@eked Thant thesapidtier
on this glass substrate, thereby manufacturing the magnetic disk. In
thi s event ,camietglashsubstiaie was inmersed inatGvilfic snlfwicacid heatéchtoealput

the glass substrate was at a very low |level, the orientations of

magnetic p#d aﬁ@sasﬂy bepelepeed ngFudher, H19 glass sybstragthavindlbeehs4kippied
to formthe JtOmag@eti c | ?%er .capabl.e of hi gh densi.t [ecordhg e

[ 0078] to the gUHWHS peid Cleanind IMpARTsed i fiethsetivo claaning Rg‘ﬁé%fupé"e
di sk. Th ificabi : i ni he TA

"0 8 1 nor ottt pof b Mok, MRACRERTHGh D A sBERIEBRER. ot occur <

when aﬁagneti c Zg@ﬁo ollides 15 with a magnetic disk) test. The TA
test was conduct y]cm)unti ng the magnetic disk in an HDD device

provided with a W%ﬁaﬂ@%ﬁﬁ?ﬂ?@bé@&@inaﬂa&&hﬁﬁj Ptat@skhe di sk
peri pheral speed to 8m's, and anplifying a signal outputted fromthe

GWR head to obserien,ta detoaddidishial 66édd Was ehfied ber £y finaLpdlishghgl A
wavef ornms observed in the oscilloscope. As 20 a result, TA counts

were 5 or |msseger FEhis Sacendpdlighing pracesairmedo finlshtthe meainsuitacesto a
times of collision of the magnetic head with the nmagnetic di sk was
smal | . | n thirereudiace state. f liythiy seeonghpolishingheraseas, iesnainmurfaceg gjere
Further, a long-termreljability test was conducted for this magnetic
di sk. 48 WF%‘HQHﬁﬁe‘? ssingradpdl Prﬁi!@@/ PpEsiing MRChRR B%Y'PgtaypEﬁB§ta gear
exam ned when the magnetic di sk was nmounted in a | oad/unl pad.type HDD
dovi co. - ThaRBEHEBITIEY 116515 85a SORABRD R ByPUSPRy1 g BUECT oAl e oRe
tests in a rﬂéggg‘ gémzrﬂe&icﬁw%%si\g pér‘tieﬁg {(average particle size 0.8um) finer than
the cerium oxide abrasive particles used in the first polishing process. The
glass substrate having been subjected to the second polishing process was
20 immersed in respective cleaning baths of neutral detergent, pure water, and IPA
in turn so as to be cleaned. An ultrasonic wave was applied to each cleaning
bath.
[0071]
By carrying out the first lapping process, the cutting-out process, the
25 second lapping process, the end face polishing process, the first polishing
process, the chemical strengthening process, and the second polishing process

as described above, there was obtained a flat, smooth, and high-rigidity

magnetic disk substrate.



(1,000,000 times) using a DR-1 head with a head flying height (slider
flying 27 height) of 9nm (the flying height of a read el enent was
2nm. As a result, no failure such as head crash occurred on the
magneti ¢ di sk manufactured fromthe gl ags substrate. This is
considered to be because there was no such a defect in which, in the
bearing curve, the portion fromthe apex of the defect to 545%

t her eof was Iocaﬁgg bﬂ the area of defect height higher than the
virtual |ine con CZI g fromthe apex of the defect to 45%thereof (a

def ect that caUSﬁngﬂgr}é}igpgkmmga lin @éi ific defect). [0080]

(Conpar ative Exa magnetic di s strate, a magnetic di sk,

and a magnetic digk &3@HiFDoRE SQFEteof the 4Nty BbERIFEPHROUEH the
manuf act ured by the above-nenti oned manufacturing nethod except that

t he pol i shiatgveomentiboas podcdskes saicadidegied |akr 0§ a @ ragiRysa weftenagietico
the follow ng conditions. The specific polishing conditions in the
Conpar athi vdagsmauia Eoleregmirhaldyaaniunselayenefdiu, 15 obnpebnstic ngdedalsr
was set to 85 (Asker C hardness), the particle size of an abrasive to
1.012m t hehing agsangar streciuee.(a Berpexicyial magneticecprding &yiengaving a

DU S ! AP A P B B B BBl S
! J > !

pr oduct of TR 28BS il tieRn IPRERER B we s U EE pidsr eiety

exam i ng. Tirp RacBI AR PESe R ARE RNAe L] dibic), MSlereibelydin

magnet i1g di sdhesdd I%g\éfsof/@m ha %ﬁ%ﬂ@&rgg%ﬁ& GGz IRGCETaRE, g 11. tm

to 0.3ptm by the OSA apparatus i n the manner as I n the Exanple,

the nunber ipferiReislef@arofms Adorfridgndtid anars endkridbert sfeCHBLIEL] &
di sk) per 24cnR. Further, in the sane manner as in the Exanple,

beari ng curgraauise neagriztiei laget ¢fdCoCHRE-UESLdi05 iy 4 hgdlvemnateg carbea

pl ot nethod using the AFM As a result, there was a defect in which a
portion frdmwotactigpdikmorererferrded érthis ordeswntthegass swlistiabe asivg aminaine
area of defect height higher than 28 a virtual |ine connecting from
the apex oftyPR&PHEEdY apgarptys aRd fadher@perdiepayainerihrisating l%y@nwaé

like d,_shown in Fig., 3) (a spegific,defect). [0081].Then, a

bor s 111500 TommeR Ly SibpinstasRied terey AbEihg APRO RIS ISR (he 5 same
manner as in the [Egzﬁﬁl e. As a result, TA counts were 30 or nore per
surface and thus unber of times of collision of the magnetic

head with the gy Magnetic Disk Device Manufacturing Process
By incorporating the above-mentioned magnetic disk into a device, a
magnetic disk device was manufactured. Since the structure of a magnetic
20 disk device is known, a detailed description thereof is omitted herein.
[0074]
(Example 1)
By applying the following polishing conditions to the second polishing
process of (7) Main Surface Polishing Process (Final Polishing Process)
25 described above, a magnetic disk substrate, a magnetic disk, and a magnetic
disk device were manufactured. In this Example, a 2.5-inch disk (¢65mm) was
manufactured. The specific polishing conditions were such that the hardness

of polishing pads was set to 85 (Asker C hardness), the particle size of an



magnetic disk was relatively large. Further, a long-termreliability
test was conducted for this magnetic disk in the same manner as in
the Exanple and, as a result, a head crash occurred when 300, 000
times were reached. This is 10 considereg to be because there was
such a defect in which, in the bearing curve, the portion fromthe
apex of the defect to 45% thereof was |ocated in the area of defect

hei ght hi gh h [ | Li ' f.th

et oot to_AspenEnasrSwd. Hid Gopebfis FRRIEIL SOl GRCbH AR ey o
et to é * | .

thi's | nventT Bl SRR o sp it D, AEI bR B 2R

hi s i ny . gl e 9

cl cani ng 1Pl eBeB S HBMGBU AN KR8 oLieB el T Be Bl polisning

per f or m def &4 nR@prcessimgbreBalreWToPd ®$ arpretelirmmddtiReayRrenpivas
of 405nm and a 20l aser power of 25mWis irradiated with a spot size

of 51.t B onpexfdrhreedsatos pradessimgiressdreasfeldd fogattime daiftthe psedetémainedi s
detected, the nunber of defects detected to have a size of 0.1 pmto
not nore thimeo. Bithisrevent| tesprodant Gothp enaingeagessingipfagstireand ta |
with respect to these defects, there is no defect (specific defect)
in which, iRosesdagdIralg ENFN SrOMSEINGRICEHUTENE PIRGESSING '@tRapedt 25
met hod usi ng the@bﬂg}(c force mcroscope, a portion froman apex of
the defect to 459 eof is located in an area of defect height

STl 037. o484 PEE AR 8 4 DR OB e b
(211 7 a0 20BN E o o) FRIBR i 85 aPthoL o RSt
(I'nfluence 6@@*@%_6&%&&3%‘#5“2%9@ SBQH:@EWH%%QS desRinbe! amthnidiR habh uence

of this invention in the substrate surface 5roughness was exam ned.

Speci fi cal Inpughhesd (Rausase.1@nn® N, TA counts, and long-term
reliability was exam ned when the substrate surface roughness

(surface roughned80WBlen a 2pm x 2pm square neasurenment area was
measured using an_atonmic force mcroscope wth a resol ution of ]
256x256 pi xel s) aHien. fiee maansticsisksglass sulbstorip andsthaanageetiondield optained
experinment was 10carried, out, by manufacturing nmagnetic di sks).

Th
resul t §5% hePdb® agP¥cEHRIHONES %ﬂ@'elwerﬁrﬁqbri%g?%l@ BvSigCtERSRRsites Ll&?rﬁ}\d

Conpar at | Vethgx oaprtTi'glaFgefé‘Ct itnrslgcragtion apparatus (manufactured by KLA-Tencor

Corporation, trade name: OSA6100) shown in Fig. 4. In this event, an area of
15mm to 31.5mm from the center of the substrate was measured under the
measurement conditions that the laser wavelength was set to 405nm and the

20 laser spotsize to 5um. As a result, the number of defects detected to have a
size of 0.1um to 0.3um was 40 (42 in the case of the magnetic disk) per 24cm?.
Further, bearing curves were obtained for the defects by the bearing curve plot
method using the AFM and, as a result, any of the defects was a defect in which
a portion from an apex of the defect to 45% thereof was located in an area of

25  defect height lower than a virtual line connecting from the apex of the defect to
45% thereof (a defect that exhibits a curve like C2 shown in Fig. 3), i.e. there
was no such a defect in which a portion from an apex of the defect to 45%

thereof was located in an area of defect height higher than a virtual line



was no |large difference in the nunber of defects detected to have a
size of 0.1gmto O0.3pm and use was nmade of the magnetic disks with
about 40 defects. [0084] 15[ Table 1] Nunber of Specific Defects
Surface Roughness Ra (nnm) S/N [db] TA C@énts (nunber/ surface)
Long-Term Reliability Test Exanple A-1 0
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connecting from the apex of the defect to 45% thereof (a defect that exhibits a
curve like C1 shown in Fig. 3) (hereinafter may be referred to as a specific
defect).

[0077]

An underlayer, a magnetic layer, a protective layer, and a lubricating
layer were stacked in this order on this glass substrate, thereby manufacturing
the magnetic disk. [n this event, since the amount of contamination on a main
surface of the glass substrate was at a very low level, the orientations of
magnetic particles by sputiering were aligned so that it was possible to form the
magnetic layer capable of high density recording.

[0078]

A certification test was conducted for this magnetic disk. The
certification test was conducted by examining the TA rate in a thermal asperity
(Thermal Asperity: TA (phenomenon that occurs when a magnetic head collides
with a magnetic disk) test. The TA test was conducted by mounting the
magnetic disk in an HDD device provided with a GMR (Giant
MagnetoResistance) head, setling the disk peripheral speed to 8m/s, and
amplifying a signal outputted from the GMR head to observe it in a digital
oscilloscope, thereby counting TA waveforms observed in the oscilloscope. As
a result, TA counts were 5 or less per surface and thus it was seen that the
number of times of collision of the magnetic head with the magnetic disk was
small. In this event, the flying height of the head was 8nm.

[0079]

Further, a long-term reliability test was conducted for this magnetic disk.
As the long-term reliability test, the durability was examined when the magnetic
disk was mounted in a load/unload type HDD device. The durability test was
conducted by carrying out load/unload tests in a predetermined number of times

(1,000,000 times) using a DFH head with a head flying height (slider flying
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height) of 9nm (the flying height of a read element was 2nm). As a result, no
failure such as head crash occurred on the magnetic disk manufactured from
the glass substrate. This is considered to be because there was no such a
defect in which, in the bearing curve, the portion from the apex of the defect to
45% thereof was located in the area of defect height higher than the virtual line
connecting from the apex of the defect to 45% thereof (a defect that causes
failure on the head) (a specific defect).

[0080]

(Comparative Example 1)

A magnetic disk substrate, a magnetic disk, and a magnetic disk device
according to a Comparative Example were manufactured by the
above-mentioned manufacturing method except that the polishing conditions of
the second polishing process were set to the following conditions. The specific
polishing conditions in the Comparative Example were such that the hardness
of polishing pads was set to 85 (Asker C hardness), the particle size of an
abrasive to 1.0pm, the processing rate to 0.60um/min, and the processing
pressure to 12.0Pa. In this polishing process, polishing was carried out while
maintaining a main processing pressure of 12.0Pa without dropping the
processing pressure thereafter. In this event, the product of the main
processing pressure and the processing rate (main processing pressure x
processing rate) was 7.2. As a result of examining, with respect to the
obtained magnetic disk substrate and magnetic disk, defects which were
detected to have a size of 0.1um to 0.3um by the OSA apparatus in the same
manner as in the Example, the number of the defects was 41 (44 in the case of
the magnetic disk) per 24cm?.  Further, in the same manner as in the Example,
bearing curves were obtained for the defects by the bearing curve plot method
using the AFM. As a result, there was a defect in which a portion from an apex

of the defect to 45% thereof was located in an area of defect height higher than
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a virtual line connecting from the apex of the defect to 45% thereof (a defect
that exhibits a curve like C1 shown in Fig. 3) (a specific defect).

[0081]

Then, a certification test was conducted for this magnetic disk in the
same manner as in the Example. As a result, TA counts were 30 or more per
surface and thus the number of times of collision of the magnetic head with the
magnetic disk was relatively large. Further, a lcng-term reliability test was
conducted for this magnetic disk in the same manner as in the Example and, as
a result, a head crash occurred when 300,000 times were reached. This is
considered to be because there was such a defect in which, in the bearing
curve, the portion from the apex of the defect to 45% thereof was located in the
area of defect height higher than the virtual line connecting from the apex of the
defect to 45% thereof (a defect that causes failure on the head) (a specific
defect).

[0082]

As described above, according to this invention, by causing the additive
contained in the polishing liquid for use in the polishing process to be contained
in the cleaning liquid for use in the cleaning process, it is possible to perform
defect control such that when laser light with a wavelength of 405nm and a
laser power of 25mW is irradiated with a spot size of 5pum onto the substrate
and scattered light from the substrate is detected, the number of defects
detected to have a size of 0.1um to not more than 0.3um is less than 50 per
24cm?, and further that, with respect to these defects, there is no defect
(specific defect} in which, in a bearing curve obtained by the hearing curve plot
method using the atomic force microscope, a portion from an apex of the defect
to 45% thereof is located in an area of defect height higher than a virtual line
connecting from the apex of the defect to 45% thereof. Therefore, it is possible

to suppress the occurrence of failure in an HDD device in which a magnetic



7 0.13 15.2 39 x [0085] Wth respect to the long-term
reliability test, the nunmber of successful tines is shown on the
order of 100,000 tinmes and tests were carried out up to a 30 nmaxi mum
of 1,000,000 tinmes. In the table, "x" remgresents that a crash
occurred when or before 300,000 tines were reached. [0086] Fromthe
above-nentioned results, it is seen that when specific defects Sare

present, the results of th ong-termreliabild test. are had and
Phus use as e Rihetdvared hORdbeRi, diib e eir bhefs dasied.

Conmpar ati ve Exa b@??, to A3 were observed using a m croscope and,
as a result, read elements of the DHF heads were chi pped off. Then,

as a result of pefhMidHcRIn EUdERBtaEUABSE KOughaesnd the specific
defects of the magnetic disk of Conparative l0Exanple A after

conducting the | dAgrditigtowelhesinfiliénce dfetbls inpatioroh thk euesirate Qurfdceg
t he DFH head was detected. Accordingly, it is presuned that the DFH
head colf i dedghhess was exaennéd.c 8péabcally, (Reanflusncd on i¢Ns&Aotihtat antie
magnetic di sk gl ass substrate according to this invention can be
sui t abl y usledgasrma relighility atas efanaingegyiwan hedubstrataptiéace sruganess
(dynamic fly H ght) head. 15[0087] (Influence in Defect Size and
Shape) éuﬁace roughness when a 2pim X 2um square measurement area was
measured using an atomic force microscope with a resolution of 256x256
pixels) and the number of specific defects were changed (an experiment was
10  carried out by manufacturing magnetic disks). The results thereof are shown
in Table 1.  In the following Examples A and Comparative Examples A, there
was no large difference in the number of defects detected to have a size of

0.1um to 0.3um and use was made of the magnetic disks with about 40 defects.

[0084]
15 [Table 1]
Number of Surface TA Counts | Long-Term
Specific | Roughness | S/N [db] | (number/ | Reliability
Defects Ra (nm) surface) Test
Example 1,000,000
A 0 0.15 15.2 3 Times
Example 1,000,000
A2 0 0.10 156.3 5 Times
Example 700,000
A3 0 0.20 14.8 4 Times
Comparative
Example 2 0.11 15.3 33 X
A-1
Comparative
Example 5 0.26 14.6 36 X
A-2
Comparative
Example 7 0.13 15.2 39 X
A-3
[0085]

With respect to the long-term reliability test, the number of successful

times is shown on the order of 100,000 times and tests were carried out up to a



Then, the influence in the defect size and shape was exam ned.
Specifically, by changing the above-nentioned manufacturing
conditions, there were manufactured 100 nagnetic di sk gl ass
substrates (Exanple B-1) each 20havi ng 39 specific defect but having
a greater nunber of defects of 0.31.1mor nore as conpared with

| at er - descri bed Conparative Exanple B-1 and 100 magnetic di sk gl ass

subst rat es {Comanalr Ve EBRRRS. 1) 1RElbaY i SRetihg: JeLeeLs but

having a sma nunber nore as compared wth

Exanpl e B- 1odesfdd WEén %P%‘éﬁ)re%@ﬁ) A0tPfinds WitgrégsnBd el iabil ity 25 test

was conducted for them The results thereof are shown in Table 2. In
Exanpl e B and Conpagg}ive Exanple B, there was no large difference in
t he nunber of defects detected to have a size of 0.11.tmto 0.31Am
and use was nade Rront ties albgretientidned reduissit ssibsen tiad svhant spetifaudeféOis
defects. 31 [ 0088% [ Tabl e 2] Nunber of Specific Defects
Nunmber &f Dekquesent thee Ssmiteof the Bngdagn Teliahilty testisreitag arebthus use as a
(500, 000 Ti nes) Exa_r‘rE e B-1 0 12-25
magnetic disk is not allowed. Crashed heads in Comparative Examples A1 to
A3 were observed using a microscope and, as a result, read elements of the
DHF heads were chipped off. Then, as a result of performing elemental
analysis around the specific defects of the magnetic disk of Comparative
10  Example A1 after conducting the long-term reliability test, part of elements
forming the DFH head was detected. Accordingly, it is presumed that the DFH
head collided with the specific defects. That is, it is seen that the magnetic
disk glass substrate according to this invention can be suitably used as a
substrate of a magnetic disk adapted for a DFH (dynamic fly Hight) head.
15 [0087]
(Influence in Defect Size and Shape)
Then, the influence in the defect size and shape was examined.
Specifically, by changing the above-mentioned manufacturing conditions, there
were manufactured 100 magnetic disk glass substrates (Example B-1) each
20  having no specific defect but having a greater number of defects of 0.3um or
more as compared with later-described Comparative Example B-1 and 100
magnetic disk glass substrates (Comparative Example B-1) each having
specific defects but having a smaller number of defects of 0.3um or more as
compared with Example B-1 described above, and then a long-term reliability
25  test was conducted for them. The results thereof are shown in Table 2. In
Example B and Comparative Example B, there was no large difference in the

number of defects detected to have a size of 0.1um to 0.3um and use was

made of the magnetic disk glass substrates with about 40 defects.



100% Conpar ati ve Exanple B-1 3-5 8-20 30% [0089] 5Herein, with
respect to the long-termreliability test, the ratio of passing
500, 000-ti mes | oad/ unl oad tests is shown. [0090] Wth respect to the
nunber of specific defects and the nunbeyi of defects of 0.31..trn or
nore, the maxi mum and m ni nrum val ues anong 100 10substrates are shown
and, with respect to the long-termreliability test, the average
val ue i s shown. [@égél‘ Fromthese results, it is seen that the
reliability of a tic disk is largely affected not only by the
si ze and numggfe Hf defects, but also by the 15nunber of specific

H H | 1+ :

def ects. SpegtHeatty—t+t+s—seen—that—the-eliabi-+ty 65t A -
| argely affegted not by the nNuinéeerof defe%g;gt%‘;&er th Eiggﬁg%\glgti c
defect, but Specific Defects 0.3um or more | (500,000 Times)

Example B-1 0 12-25 100%

Comparative

Example B-1 35 8-20 30%

[0089]
5 Herein, with respect to the long-term reliability test, the ratio of passing

500,000-times load/unload tests is shown.
[0090]
With respect to the number of specific defects and the number of
defects of 0.3um or more, the maximum and minimum values among 100
10  substrates are shown and, with respect to the long-term reliability test, the
average value is shown.
[0091]
From these results, it is seen that the reliability of a magnetic disk is
largely affected not only by the size and number of defects, but also by the
15  number of specific defects. Specifically, it is seen that the reliability test is
largely affected not by the number of defects larger than a specific defect, but
by the number of specific defects.
[0092]
This invention is not limited to the above-mentioned embodiment and
20  can be carried out by appropriately changing it. For example, although the
description has been given of the case where the magnetic disk substrate is the
glass substrate in the above-mentioned embodiment, this invention is similarly
applicable to the case where a magnetic disk substrate is an aluminum alloy

substrate or the like. Further, in the above-meniioned embodiment, the



by the nunber of specific defects. [0092] This invention is not
limted to the above-nenti oned enbodi nent and 20can be carried out by
appropriately changing it. For exanple, although the description has
been given of the case where the magnetgg di sk substrate is the gl ass
substrate in the above-nenti oned enbodi nent, this invention is
simlarly applicable to the case where a magnetic disk substrate is
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departing fraQ hB?dé}?@ﬂﬁﬁﬁcﬁfﬂm itk fechinidaideal dTHRRLiIh@shtiohe Theh@hber of

conponents, the sizes e processing sequences, and so on in the 5
above- ment icongsbremm dhasidesatie procgssrgphasnesyd ahbiso omirethiel on can
be carried out by changing themin various ways within a range

capabl e5of abovebnentignechemebtientairetdnisexampiesiand th@ ingentidracan hese,
this invention can be carried out with appropriate changes within a
range not d@pied PHPY EdRNYIRG thenda vagpus Wiays mithémeairange tepa@ielefi pti on
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Description of Symbols
[0093]
1 magnetic disk substrate
11 laser

15 12,21 detector



force mcroscope with a resolution of 256x256 pixels, and

wherein when | aser light wwth a wavel ength of 405nm and a power of
25mNVis irradiated with a spot size of 5pmonto the nain surface of
the substrate and scattered |light from 8Be nmain surface of the
substrate is detected, 10 the nunber of defects detected to have a
size of 0.1 pmor nore and 0.3pmor less is |less than 50 per 24cn®
and, with respect to all the defects @g‘hﬁﬁged, there is no defect in
which, in a bearing curve obtained by a bearing curve plot nethod
using the atom c force mcroscope, a portion froman apex (height at
0% of the defect to a height at 45%thereof is |located in an area of
def ect 15hei ght nhi.ghemdgmatic alisk glasabubstrste banimgcd ngn batfaeen t he
apex (height at 0% of the defect and a point of the height at 45%
2. The magnetic avlskeny asyrfsodsouginesaReoisdl. hgnmoordess when avdemet Aum
the magnetic disk glass substrate is used as a magnetic di sk )
subst r abe SdagtemeRsHremertaeaafdie an puripehis Mmeagdredorng pRatomic

magneti c di_sk gl ass substrate accardi o.claim1l or 2,
wher ei n, vmf?ff?er’@%%%@pteow@hP)feﬁﬂlé’t'%ioﬂgééﬁ‘?%lteﬁxe $&Ndur f ace roughness

Ra is 0.15 | wh 2 f
the mai ' surt ace TEIREAGIPRIFSGETHD. #RE 2k aiHaqia s AUk aT Bae AR ot
th | utj ; ' d ' i ght
wih the warinirs FRdBEIuRh et SRR ST et biecdothey' W't
the spot sigg@®sPhte>MA SRAtRrbAGigRBHrBmSHEIASIH RirfalcB&IINOSLPSH R detdited,

scattered light fromthe nmain surface of the substrate Is detected,

the nunger thé nuhtheleff defacislabreiatitd lalty eidehsf Bilg® dfmBrdland or3 M be
34 and 0.3jimor less is less than 50 per 24cn2 and, with respect to

al | the deflestis lésst thanesl) peh2d4emf asndowitlefespect to ahitehdefieotst detebledr i ng
curve obtained by the bearing curve plot nethod using the atomc
force m cr deerepe notdrfepontwivahfinenbearingapexe Obédiged byta begring cumve plot
defect to the height at 45%is |located in the area 5of defect height
hi gher t hafnethedysingdie FtpAUc iJaR SuETos§OBRt HBaRINHE A FEKaRHeihgight at

SR TITRTER, Ot L SCHEL R e b
(1 g8t it A5 SRR ok BT A0S M at 0% o
the defect and a point of the height at 45%.
2. The magnetic disk glass substrate according to claim 1, wherein the
magnetic disk glass substrate is used as a magnetic disk substrate adapted for
a DFH (dynamic fly Hight) head.
20 3. The magnetic disk glass substrate according to claim 1 or 2,
wherein, with respect to only one main surface, the surface roughness
Ra is 0.15nm or less when the 2um x 2um square measurement area of the
main surface is measured using the atomic force microscope with the resolution
of 256x256 pixels, and
25 wherein when the laser light with the wavelength of 405nm and the
power of 25mW is irradiated with the spot size of 5um onto the main surface of
the substrate and the scattered light from the main surface of the substrate is

detected, the number of the defects detected to have the size of 0.1pm or more



105. The magnetic di sk glass substrate according to any one of clains
1 to 4, wherein the substrate has a disk shape with a hole at a
center thereof and, assuming that a distance fromthe center to an
out ernost periphery is 100% a differengg (RaO Ral) between an
arithmetic mean roughness (Ra0) of the main surface in a range of 80%
to 90% fromthe center and an arithnetic nean 15roughness (Ral) of
the main surf

e o R o2 1 BRlind D b e St SR A Rbt @ BeRles
e ot TSI BIOTE fo LERE® T BIBE RERE HeiRl Ot ERBhALA PRLRY
i ght Wthlﬁza@ﬁg‘%\‘\% graﬂ%tﬁag%gﬁmhé&ﬂoﬁﬂ P& B-F?&%Eoﬁ’é, tﬁé Bich from

irradiated wth™a spot size o p,monto the substrate an ttered

l'i ght fromthdepeiibéinht at 0%) @etirctsfct BeMerIfrat 56 of RehteddnliRe besh

Béi
to have a size of O. (1;11mto not nore than 0.31.tmis |less than 50 per
24cnR abd, ofidefectéedttthigteertthen ded eictusl lindesrendctingbetwéen the apak(iadight
in a bearing curve obtained by a bearing curve plot nmethod using an
25 atoni c fabhi08e) ofithe skedegiandahpgdintaf the baight abpe%.of the defect to
45% t hereof is located in an area of defect height higher than a
virtual |ine condectlihggmegbati¢ Hiskgless pibstisde aecereing i amopnsef elgfms 1
7. The magnetic di sk substrate according to claima®, wherein the 35
atom c forgg 3}?:1""&96%'865% Magngiic g S?éﬂ@%”ﬂ‘ied%@@ 78 fmagngtic disk
resolution of at |east 256x256 . pixels.in a 21 1m square. 8.
The magnet i PaNEl SopRCresee Dot BB Mo 7 Cwher ei n the
magnet g di sk sulstr i - af | (Lo kLA
magnet 12 di ok conpr i engeRERdisk g A GsPeRoBbtoafidtend?dhe BPeisthno s
of claims 3I,uowderitd tﬁe@ﬁggﬁéﬂe%éf%gf%%geavyiﬂ{ aé@i{ﬁﬂa%@n’éé?%herega and,

magneti ¢ di sk substrate. . magneti c di sk, wherein

| aser |i ghtageliiin@thaneediergich fajm 4Q5osntant an lbasamaeperiphéryas maows a
irradiated with a spot size of 5pmand 10scattered |ight fromthe

substr at e idiffatenee {(RdO-Rbp hedwben aafardiehetit snatet eeigbdes® (Rale obths rmain
of 0.1pmto not nore than 0.3pmis |ess than 50 per 24cnR2 and, with
respect to sunacgdn scﬁas,qemﬁ&)é)oO 1s90% foemdbe centemingran amthmelisanean
curve obtained by a bearing curve plot nmethod using an atom c force,
ni cr osdépe,rorgRSS GHialk QBW\ed'ﬁa@p%é(%&P ipiRrafge i 110t 20 one thepeentsr is

Locat e | Bt B TS e e RS i S S arbh 8
measured using the atomic force microscope with the resolution of 256x256
pixels).

6. A magnetic disk substrate, wherein when laser light with a

20  wavelength of 405nm and a laser power of 25mW is irradiated with a spot size
of 5pm onto the substrate and scattered light from the substrate is detected, the
number of defecis detected to have a size of 0.1um to not more than 0.3um is
less than 50 per 24cm? and, with respect to the defects, there is no defect in
which, in a bearing curve obtained by a bearing curve plot method using an

25 atomic force microscope, a portion from an apex of the defect to 45% thereof is
located in an area of defect height higher than a virtual line connecting from the

apex of the defect to 45% thereof.

7. The magnetic disk substrate according to claim 6, wherein the
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atomic force microscope is an atomic force microscope with a resolution of at
least 256%256 pixels in a 2pm square.

8. The magnetic disk substrate according to claim 6 or 7, wherein the
magnetic disk substrate is made of an aluminosilicate glass.

9. A magnetic disk comprising the magnetic disk substrate according
to any of claims 1 to 8 and a magnetic recording layer formed on the magnetic
disk substrate.

10. A magnetic disk, wherein when laser light with a wavelength of
405nm and a laser power of 25mW is irradiated with a spot size of 5um and
scattered light from the substrate is detected, the number of defects detected to
have a size of 0.1um to not more than 0.3um is less than 50 per 24cm? and,
with respect to the defects, there is no defect in which, in a bearing curve
obtained by a bearing curve plot method using an atomic force microscope, a
portion from an apex of the defect to 45% thereof is located in an area of defect
height higher than a virtual line connecting from the apex of the defect to 45%

thereof.



