DESCRI PTI ON  METHOD FOR MANUFACTURI NG GLASS SUBSTRATE FOR MAGNETIC DI SC 5
TECHNI CAL FI ELD [0001] The present invention relates to a nethod for
produci ng a gl ass substrate for magnetic disk constituting a nagnetic disk
to be used for a hard disk drive (HDD), etc. which is a magnetic disk
device. 10 BACKGROUND ART [0002] Personal conmputers (PC) or the like are
provided with a hard disk drive (HDD) or the |ike as an external storage
device. In general, the hard disk drive has 15 nounted thereon a magnetic
di sk which is known as a storage for conputer or the like. The magnetic

di sk has a configuration in whicDESGRIGABDNC | ayer or the like is forned on
an appropriate substrate, for exanple, an alum num based all oy substrate.
[0003] On the other hand, a demand for nounting a hard disk drive on
portable 20 equipnent has been increasing in recent years. Under such a

Ci r cunst aEEHOD BORMANIBA CRURING GDAS§ SUBREATRFON M}@E@I@ pigagth and

high rigidity has been frequently wused as a substrat magnhetic disk in
pl ace of a brittle nmetal substrate. Al so, a glass substrate has attracted
attention as a substrate for magnetic disk for a server application. [0004]

subst at HENIGAL BTREBNCET b sheet from an or i ginal material such as, for
exanple, a sheet-sha(%%”

The present invention relates to a method for producing a glass substrate for
magnetic disk constituting a magnetic disk to be used for a hard disk drive (HDD), etc.
which is a magnetic disk device.

10
BACKGROUND ART
[0002]

Personal computers (PC) or the like are provided with a hard disk drive

(HDD) or the like as an external storage device. In general, the hard disk drive has

15 mounted thereon a magnetic disk which is known as a storage for computer or the like.
The magnetic disk has a configuration in which a magnetic layer or the like is formed
on an appropriate substrate, for example, an aluminum based alloy substrate.

{0003]
On the other hand, a demand for mounting a hard disk drive on portable

20 equipment has been increasing in recent years. Under such a circumstance, a glass
substrate which is a material with high strength and high rigidity has been frequently
used as a substrate for magnetic disk in place of a brittle metal substrate. Also, a glass

substrate has attracted attention as a substrate for magnetic disk for a server application.

[0004]



gl ass. In subsequently perform ng various steps including a step of
perforating a central portion of the cut-out original material substrate, a
step of chanfering a corner 5 part of the side surface (side wall surface),
etc., there may be the case where a crack is forned on the side surface
side. The crack, even if it is small, may grow thereafter if it is allowed
to stand as it is, to reach a recording surface (magnetic |ayer formng
surface) of a nagneti c disk. This contributes to a cause of occurrence of
defective products. 6&?0051 Under such a circunstance, unless a neasure
such as di spos generainindbe prpdustingeot theglassopbstitaiatdisk- d’@pettsublsuata is
crack-containing glass substrate, a lot of tinme and expenses consuned are
wast ed, whi@.hsh&tbersh&ttﬁnanmrmﬁginzdlmatéﬁa’nshm asl forlexample, ablget-sieapedi ncr ease of
the production costs of a glass substrate. 15 [0006] As a nethod for

produci nglas girasibssubaly pérbormifevRions sRpoRRRMthgo 8 BOskrRkratingas f or mi ng a
mrror polishing processing with respect to an end surface o the substrate

after ei fc&m??ardnnﬂwec@toepoﬁ ind Iﬁeta %Bara%é &Rt ?I'Jff&h Prretr he
substrate ace, or after each of ese stéps (see xarrp Pat ent

Docurernt p%)mfﬁ%sra@%%ac LK @fs&éfa? ﬁfcﬂéﬁe{g@ﬁ% pATaN: 58l 455, gUbst rat e

therée is propose ror ng processr ng with
respect a e su strat after |ng) step
T es SRR p itk SR Ride. cUiFeRteR piBafi BLarilh oy Hierdafter 35t B2) on
Docunment 1: JP-A-10-154321 (see [ 0040 2 Patent Docunent 2:

IP- X_ 20083 ngyzyPZigO(sgagé ap gg@éﬁ(’ yeach [a recor 121g surface (magnetic lelljyer forming

surface) of a magnetic disk. This contributes to a cause of occurrence of defective
products.
10 [0005]

Under such a circumstance, unless a measure such as disposal at an early stage
is adopted with respect to a crack-containing glass substrate, a lot of time and expenses
consumed are wasted, which is hence uneconomical. Namely, it brings about an
increase of the production costs of a glass substrate.

15 [0006]

As a method for producing a glass substrate, there is proposed a method of
performing a mirror polishing processing with respect to an end surface of the
substrate after either a grinding step or a polishing step with respect to the substrate
surface, or after each of these steps (see, for example, Patent Document 1).

20 [0007]

Also, as the method for producing a glass substrate, there is proposed a
method of performing a mirror polishing processing with respect to an end surface of
the substrate after a lapping (grinding) step with respect to the substrate surface (see
Patent Document 2).

25 Patent Document 1: JP-A-10-154321 (see [0040])



DI SCLOSURE OF THE | NVENTI ON PROBLEMS THAT THE I NVENTION IS TO SOLVE 5

[ 0008] However, in each of the nethods of Patent Docunents 1 and 2, the
mrror polishing processing step is provided only after the |apping step.
Therefore, there is a problemthat a fine crack which has been | atent grows
during the lapping step or polishing step in which a large force is applied
to the glass substrate, leading to 10 breakage of the glass substrate.

[0009] In view of the foregoing circunstances, an object of the invention
is to provide a nethod for producing a glass substrate for magnetic di sk,

whi ch 15 capabPeicf Dopimen 2 Hory200nterig (wod0RB 15 VEANS FOR SOLVI NG THE
PROBLEMS [0010] The invention provides a nethod for producing a gl ass
substrate for nagnetic disk, which includes: a step of preparing a circular
gl ass substrate having a main surface, a back surface opposing to the main

surface, BISCLOWIRE OIETHBINYBNTION ning a 20 through-hol e penetrating from
the main surface to the back surface and an outer side surface opposing to

the i nnerprOBEERISTIRAT THE INVENTRON IShiAgOst/gp of polishing the inner side
surface and the outer side surface of the glass substrate; a step of |apping

the golished gl ass E@ﬂgﬁﬂrate; and a second polishing step of polishing the
i nner side surface n he outer side surface of the | apped gl ass

substrate. 25 LAGKHL: T bionlof R SLERESS Pk DlBSmeRk1 3 B0aRTRHR o the

polishing processing step is provided only after the lapping step. Therefore, there is a
problem that a fine crack which has been latent grows during the lapping step or
polishing step in which a large force is applied to the glass substrate, leading to
10 breakage of the glass substrate.
[0009]

In view of the foregoing circumstances, an object of the invention is to
provide a method for producing a glass substrate for magnetic disk, which is capable of
effectively removing a crack.

15 MEANS FOR SOLVING THE PROBLEMS
[0010]

The invention provides a method for producing a glass substrate for magnetic
disk, which includes: a step of preparing a circular glass substrate having a main
surface, a back surface opposing to the main surface, an inner side surface defining a

20 through-hole penetrating from the main surface to the back surface and an outer side
surface opposing to the inner side surface; a first polishing step of polishing the inner
side surface and the outer side surface of the glass substrate; a step of lapping the
polished glass substrate; and a second polishing step of polishing the inner side surface
and the outer side surface of the lapped glass substrate.

25 [0011]



polishing step is larger than the polishing amount to the glass substrate in
the second polishing step. [0012] 5 Further, it is preferred that the

i nner side surface and the outer side surface of the glass substrate
polished in the second polishing step are mrror surfaces having an
arithnmetic average roughness of from50 nmto 100 nm [0013] In addition,
the invention also includes a glass substrate for nagnetic disk, 10
produced by the foregoing nmethod for producing a glass substrate for
magneti c di sk.  ADVANTAGES OF THE | NVENTI ON [0014] In the method of the

i nvention, sinlds pregerred that the polithingpmeund tothe giass sibistratetih he finsher si de
surface and the outer side surface of the glass substrate is provided before
15 t he | gphshing see 3, lager thas khevgulishing amoooctortheglatedubsteat¢ hethk aggoindg st ep can
be renoved, thereby making it possible to produce an excellent gl ass

subst r at gofishing@gnet i ¢ di sk. [0015] There is a nethod in which a chem cal
strengthening step is provided after final polishing and a crack or the

li ke is not concernegyoibipwever, in technol ogies of 20 HAMR (heat assisted
magneti c recording) or TAMR (thermal assisted nmagnetic recording)

corr spondi ng. sl W eAPRALN iy A6t Ao chelEL AR o TBE Byl future.

a high-tenperature’ st I's Inc an a havi ng en ion

h ig.dif d_into.t | bst r at t. the t.i f. st t heni
o that e SpfelbHRE el B Einte R PR P G LRy PSR s ot
obt ai ned. According to the inyention, it |s 4 possible to keep the strength
of the s@HumelavaenSHeRBE b PméOfl@‘?eﬁloi ng

[0013]
In addition, the invention also includes a glass substrate for magnetic disk,
10 produced by the foregoing method for producing a glass substrate for magnetic disk.
ADVANTAGES OF THE INVENTION
[0014]
In the method of the invention, since the first polishing step of polishing the
inner side surface and the outer side surface of the glass substrate is provided before
15  the lapping step, a crack which has occurred before the lapping step can be removed,
thereby making 1t possible to produce an excellent glass substrate for magnetic disk.
[0015]
There is a method in which a chemical strengthening step is provided after
final polishing and a crack or the like is not concerned. However, in technologies of
20 HAMR (heat assisted magnetic recording) or TAMR (thermal assisted magnetic
recording) corresponding to a high capacity trend of 1 TB/inch® or more in the future, a
high-temperature step is included, and an alkali having been ion exchanged is diffused
into the glass substrate at the time of strengthening so that an effect to be brought by

the chemical strengthening step is not obtained. According to the invention, it is



chem cal strengthening step. BRI EF DESCRI PTION OF THE DRAWNGS 5 [0016]

Fig. 1 is a flowchart show ng steps of a nethod for producing a gl ass
substrate for nmagnetic disk according to the invention. Fig. 2(A) is a
cross-sectional view of a glass substrate for magnetic disk according to
the invention; Fig. 2(B) is an enlarged cross-sectional view of a relevant
10 part thereof; and Fig. 2(C) is an enlarged cross-sectional view show ng a
state of being shallowy polished. Fig. 3 is a perspective view showi ng a
sheet - shaped gl ass before cutting out a glass substrate for magnetic disk

accor di ngossthle freksepbe strength of the Substrate withoypperéarpupstredprecamsber of
occurrence of a defect in a glass 15 substrate for magnetic di sk according
to the i shemicalntrepgthoeingistep. Exanpl e) and a glass substrate for nagnetic
di sk (Conparative Exanple) which is polished nore shallowly than the
former. DESCRI PTI ON OF REFERENCE NUVERALS AND SIGNS 20 [0017] 1:
Preparation step 2A: Pre-polishing step (pre-polishing step) 2B:

Post - pol iIBRIEFQOESCRINTIOs OPAHBDRAGVE(E@S) 3: Precise | apping step (lapping
step) 25 10: d ass substrate 5 11: Main surface 12: Back surface
5 [0016]
Fig. 1 is a flow chart showing steps of a method for producing a glass
substrate for magnetic disk according to the invention.
Fig. 2(A) is a cross-sectional view of a glass substrate for magnetic disk
according to the invention; Fig. 2(B) is an enlarged cross-sectional view of a relevant
10 part thereof; and Fig. 2(C) is an enlarged cross-sectional view showing a state of being
shallowly polished.
Fig. 3 is a perspective view showing a sheet-shaped glass before cutting out a
glass substrate for magnetic disk according to the invention.
Fig. 4 is a graph showing the number of occurrence of a defect in a glass
15 substrate for magnetic disk according to the invention (Invention Example) and a glass

substrate for magnetic disk (Comparative Example) which is polished more shallowly

than the former.

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
20 [0017]
1: Preparation step
2A: Pre-polishing step (pre-polishing step)
2B: Post-polishing step (post-polishing step)
3: Precise lapping step (lapping step)

25 10: Glass substrate



13: Through-hol e 14: Inner side surface 5 15: Quter side surface 16:
Chanfered part 20: Sheet-shaped gl ass D2: End surface processing depth in
pre-polishing step S: Mxinumdepth of crack 10 a: Crack BEST MODES FOR
CARRYI NG QUT THE | NVENTI ON [0018] Enbodi nents of the invention are
hereunder described in detail with reference 15 to the acconpanying
drawings. [0019] Fig. 1 is a flow chart showing a nethod for producing a
gl ass substrate for nagnetic disk according to an enbodi ment of the
invention, and _this nethod for producing a glass substrate for nagnetic
di sk incl udes: ‘boMpimsugfags eparation step 1; (2) a pre-polishing step
(pre-polishing step with respect to an end surface) 2A; (3) a precise
| appi ng step (pReBickesugietadi ng step with respect to a main surface) 3: (4)
a post-polishing step (post-polishing step with respect to an end surface)
25 2B; 6 (5) aldelhropgh-hslki ng step (polishing step with respect to a main
surface) 4; and (6) a cleaning step 5.

14: Inner side surface

5 15: Outer side surface

16: Chamfered part

20: Sheet-shaped glass

D,: End surface processing depth in pre-polishing step

S: Maximum depth of crack

10 a: Crack

BEST MODES FOR CARRYING OUT THE INVENTION
[0018]
Embodiments of the invention are hereunder described in detail with reference
15 to the accompanying drawings.
[0019]

Fig. 1 is a flow chart showing a method for producing a glass substrate for
magnetic disk according to an embodiment of the invention, and this method for
producing a glass substrate for magnetic disk includes:

20 (1) a preparation step 1;

(2) a pre-polishing step (pre-polishing step with respect to an end surface) 2A;

(3) a precise lapping step (precise grinding step with respect to a main
surface) 3;

(4) a post-polishing step (post-polishing step with respect to an end surface)

25 2B;



[0020] The preparation step 1 is a step of preparing a doughnut-shaped
glass 10 (see 5 Figs. 2 and 3) and includes a cutting-out step IA and a
shape-processing step | B. [0021] As illustrated in Fig. 2(A), the
doughnut - shaped gl ass 10 has a main surface 11, a back surface 12 opposing
to this main surface 11, a through-hole 13 penetrating fromthe main
surface 11 to the back surface 12, an inner side surface 14 defining this 10
t hrough-hol e 13 and an outer side surface 15 opposing to this inner side
surface 14. Further, as jillustrated in Fig. 2(B), in the doughnut-shaped

gl ass 10, the (ﬁr?épa‘é"iﬂ?iwhl@&lsﬁeaé@@ g FED With RSPt tasd H@%Wfaﬁ%e“;f&dare
chanfered, thereby formng a chanfered part 16 (the inner side surface 14
is not illustré&)erlpaning gep2(B)). [0022] 15 Referring to Fig. 3, the
cutting-out step 1 Ais a step of cutting out a disk- shaped glass having a
requi red di nension f{@2A0h sheet glass 20. Specifically, in this enbodinment,
the cutting-out step 1 Aincludes two steps of coring for formng a

through-hol e 13heprépactivheep 10k astep(dtipdpatihg b doaRMIt-SipedBiss DO ResSEr Vi ng as
the through-hole 13); and scribing for cutting out the sheet glass in a

Cirou ar ey Madh 9NshePlckides PUihie Sutles VA LRSS sHéde ﬁ&&@siﬁ% seYlE.ng out in a

circul ar shape constituted by the outer side surface 15). [0023] 1In the
shape- pr ocessi ng stem@@ as illustrated in Fig. 2(A), each of the disk-
shaped gl asses respe |V£Iy cut out in the cutting-out step A is subjected

(o brescr Ded. 25 Aol BRGS0 iSoL RS P BhSh Sgfld Sur 200
the c ham‘ﬁ,r E gacﬁ)(asﬁfag'eelé (S)gp%sfrjg% thzlg r@azn' surface 11, a through-hole 13 penetrating
from the main surface 11 to the back surface 12, an inner side surface 14 defining this

10 through-hole 13 and an outer side surface 15 opposing to this inner side surface 14.
Further, as illustrated in Fig. 2(B), in the doughnut-shaped glass 10, the inner side
surface 14 and the outer side surface 15 are chamfered, thereby forming a chamfered
part 16 (the inner side surface 14 is not illustrated in Fig. 2(B)).

[0022]

15 Referring to Fig. 3, the cutting-out step 1A is a step of cutting out a disk-
shaped glass having a required dimension from a sheet glass 20. Specifically, in this
embodiment, the cutting-out step 1A includes two steps of: coring for forming a
through-hole 13 in the sheet glass (step of forming an inner hole serving as the
through-hole 13); and scribing for cutting out the sheet glass in a circular form along

20 the outer side surface 15 (step of cutting out in a circular shape constituted by the outer
side surface 15).

[0023]
In the shape-processing step 1B, as illustrated in Fig. 2(A), each of the disk-

shaped glasses respectively cut out in the cutting-out step 1A is subjected to prescribed

25 chamfering processing on the inner peripheral end surface 14 and the outer peripheral



Thus, the operation of the preparation step 1 is finished, and a | arge
nunber of sheets of the doughnut-shaped glass 10 are conpl eted. At that
time, the end surface (i.e., the inner peripheral end surface 14 and the
outer peripheral end surface 15, provided that 5 the chanfered part 16 is
al so included) of the doughnut-shaped glass 10 have an arithnetic average
roughness Ra of about 0.5 m [0024] The pre-polishing step 2Ais a
pre-polishing step of polishing the end surface of the doughnut-shaped
glass 10, i.e., the inner side surface 14 and the outer side 10 surface 15

(al so i n@p@.alﬂrf@etlﬁeféwagﬁer@arebarf@mag themhamiesed Bathdo {38 FimI2Bhi ng st ep

before the precise |apping step, a shallow crack on the end surface which
has exi stldws, thesparationd the preparetivmppp his Buieled; and @ lgeeniirhbeir of ehdete preci se
| appi ng step. For that reason, it is possible to inhibit the shall ow crack

on the emdﬂadd;gmmtmhﬁmhgtaslemestmmbletbef At that time pthe enhd surfp ifi.)ghst ep from
growi ng up to the magnetic layer formng surface 15 due to the precise

| appi ng  S$HRP perliffezdlend birfice 1818 ehd Qfler fepibhéhPerionaiabell 5 Phsgd @pd sur face

after the pre polishing has an arithnetic average roughness Ra of from 50

rimtgo 1 ypface to be
subj esgt egﬁtéﬂagao &92%236 %@g&"ﬁfc deaﬂﬁﬂf@&%}lﬁﬁh gre pol 1 shi ng step 2A is set

up in the a large nunber of sanples the
sane as gﬁﬁ% F?§ﬂ§§@§5%%as§$3®: éé prellnlnarlly produced by the sane

step as the fore90|nﬁH@r§parat|on step 1. Then, cracks occurred in these
sanpl es are actually 3 ured, and the maxi num depth (S) of the act ually 25

occurred cracks |s storﬁd as a data. The polishin ?1 BO|IShI
processing i s ti§epE-peishing step 2ZA is a pre-polishing step of pohs ing the end surface

of the doughnut-shaped glass 10, i.e., the inner side surface 14 and the outer side
10 surface 15 (also including the chamfered part 16). By providing the polishing step
before the precise lapping step, a shallow crack on the end surface which has existed
before the precise lapping step is removed before the precise lapping step. For that
reason, it is possible to inhibit the shallow crack on the end surface which has existed
before the precise lapping step from growing up to the magnetic layer forming surface
15 due to the precise lapping step.
[0025]
It is preferred that the doughnut-shaped end surface after the pre-polishing has
an arithmetic average roughness Ra of from 50 nm to 100 nm.
[0026]
20 Here, the depth (D) of the end surface to be subjected to polishing (pre-
polishing) in this pre-polishing step 2A is set up in the following manner. Specifically,
a large number of samples the same as the doughnut-shaped glass 10 are preliminarily
produced by the same step as the foregoing preparation step 1. Then, cracks occurred
in these samples are actually measured, and the maximum depth (S) of the actually

25 occurred cracks is stored as a data. The polishing (pre-polishing) processing is to be



performed to a required depth value D2 which is set up so as to exceed the
stored nmaxinumdepth value (S) (see Fig. 2(B)). [0027] Next, in the
precise lapping step 3, by subjecting the main surface 11 and the 5 back
surface 12 (hereinafter referred to as "main surface 11 and the |ike") of

t he polished doughnut-shaped glass 10 to a | apping (precise grinding)
treatnent, a fine convex-concave shape fornmed on the main surface of the
doughnut - shaped glass 10 in the shape-processing step I B or the |ike anong

the already. finjshed preparation step.is reduced. 10 [0028] By subjecting
t he mai nPEYP 0 preg Bc“{)‘%@ Yai‘ée '§¥ “;F)‘Pfg‘ 'ﬂ&ig‘ﬁﬁﬂ@§%@‘§éﬁdog’Fé “33/10 to a
precise lapping treatnent by the precise |apping (precise grinding)

t r eat nenimaxmumidepthyyades 9 (feg g ?§BBt ep 3 and subsequently perforning a
polishing (polishing) treatnment of the main polishing (mrror finishing of

the main surface) stf§W24] the nminor 15 finished main surface 11 and the like
can be obtained within a shorter period of tinme. The doughnut-shaped gl ass

10 whi ch has t Nest,fin tHegitedset 1agping step Seby sylijedngg Sliccaid suffaces Lbjreithed to
ultrasonic cleaning using a detergent. [0029] It is preferred that the

precise lagphirthct DD CRdrsiRaférirBféted o Ay GRAiTBM ARl 1taal $he2kd?) 8£ihee | appi ng step
3 is carried out before the post-polishing (mrror finishing on the end

surface) psﬁﬁ&d%@ugl%ﬁggﬁ%pgpg\ggﬁs 40&5‘%}@@?@;@%@? Bigind$ fPukEnCATRL] LUl eS @

post - pol i'shing st I ng _ I ng e end surface (i.e.
e TS B b e LS PSR e e O o
the shape-processing step 1B or the like among the already finished preparation step is
reduced.
10 [0028]
By subjecting the main surface 11 and the like of the doughnut-shaped glass
10 to a precise lapping treatment by the precise lapping (precise grinding) treatment of
this precise lapping step 3 and subsequently performing a polishing (polishing)
treatment of the main polishing (mirror finishing of the main surface) step 4, the mirror
15 finished main surface 11 and the like can be obtained within a shorter period of time.
The doughnut-shaped glass 10 which has thus finished the precise lapping step 3 1s
subjected to ultrasonic cleaning using a detergent.
[0029]
It is preferred that the precise lapping (precise grinding) treatment of this
20 precise lapping step 3 is carried out before the post-polishing (mirror finishing on the
end surface) step 2B.
[0030]
Next, the post-polishing step 2B constitutes a post-polishing step of polishing
(mirror polishing) the end surface (i.e., the inner side surface 14, the outer side surface

25 15 and the chamfered part 16) with respect to the doughnut-shaped glass 10 in which



9 the main surface 11 and the |ike have already been | apped in the precise
| apping step 3, and is carried out by using, for exanple, an abrasive, a
pol i shing brush, a polishing pad, a sponge, etc. This post-polishing step
2B may be carried out such that a polishing depth of the doughnut-shaped
glass 10 is shallower than the polishing depth of the 5 doughnut-shaped

gl ass 10 when polished in the pre-polishing step 2A. That is, it is
preferred that the polishing amount with respect to the glass substrate 10

in the pre- polishi st is larger. than the poli shi amount with
respect lﬂE?IPR‘Q Saﬁ%ﬁﬂﬁh@f@ﬁﬁgﬁha@ aj’éegg)ibeqnﬁaﬁﬂ? D e Precss RAPIRG SE€Pp 2B. Thi's
i s because even_a deeply. occurred crack has been scraped off by

pre- pol i 8Ad Hgrarripdiqyb bytisingefor eNamBlesaegbrasives @ pohishing brush, spalishimgmadessary to
deeply polish. Specifically, it is preferred that the polishing anount on

t he end suspéugeeetof Thisepagbpojishing s¢pedfd thaglbasarricd ous such thite podishiegof from 5 to
10 m [0031] In this post-polishing step 2B, in the case of this

enbodi nemepthiofiehedivughnuttshapdiagled 19l iaskallbOet thap dhd pdisHing\epthusthhgol i shi ng
while rotating the doughnut-shaped 15 glass (the inner peripheral end

surface HbughnesiQipt@ o126 10 Pheh pbligied i thefpas olls'iaixfgr"aeﬁ h&. qghanksEpd part 16).
In this post-polishing step 2B, the end surtace of the doughnut- shaped

gl ass 10 yhsreddd ﬁﬁhﬁslgﬁgsrﬁl%g hfoRRRtHPrefpct @thS MabSEBstAY 109n tHeQre-xanpl e, an
arithmetic average roughness (Ra) of from50 nmto 100 nm Then, the main

surface ! - gk A 4 0] he end
surface r?ng) 131§h81£1g #tﬁﬁ%éﬁ?ﬁd@gﬁ%éﬁ%&ﬁ ?ﬁgh%%@%%%t%%%pg?gg di%aliigﬁgﬁ"j ected to

cl eaning (for, exanple, cleani.ng. with er),, thereby ohtaining a,glass
cubet r ot atared oss 10 iSRSl R S lunscae 9t £ BkbpEtnda ShTng o
the end surface may be c%rri ed oyt  whj lﬁ a plurality of the doughnut-shaped
gl asses £eack s@mépﬁ@gge dygre-polishing in the pre-polishing step 2A so that it isnot

10 necessary to deeply polish. Specifically, it is preferred that the polishing amount on
the end surface of the doughnut-shaped glass 10 is in the range of from 5 to 10 yum.
[0031]
In this post-polishing step 2B, in the case of this embodiment, the doughnut-
shaped glass 10 is polished by brush polishing while rotating the doughnut-shaped
15 glass (the inner peripheral end surface 14, the outer peripheral end surface 15 and the
chamfered part 16). In this post-polishing step 2B, the end surface of the doughnut-
shaped glass 10 is polished so as to have a mirror surface having, for example, an
arithmetic average roughness (Ra) of from 50 nm to 100 nm. Then, the main surface
11 of the doughnut-shaped glass 10 which has finished the end surface mirror finishing
20 by the post-polishing step 2B is subjected to cleaning (for example, cleaning with
water), thereby obtaining a glass substrate.
{0032]
In this post-polishing step 2B, for example, polishing of the end surface may
be carried out while a plurality of the doughnut-shaped glasses 10 are superposed one

25 on another. On that occasion, for the purpose of avoiding the main surface 11 of the

10



25 on another. On that occasion, for the purpose of avoiding the main
surface 11 of the 10 doughnut-shaped glass 10 from being scratched or the
like, it is preferred that the polishing is perforned, as in this

enbodi ment, before the polishing step in the main polishing step 4
mentioned below, or before and after the mrror finishing in the main
polishing step 4. By this post-polishing step 2B, the end surface 11 of the
doughnut 5 shaped glass 10 can be prevented fromthe generation of dusts
such as particl es, and, in addition, js _processed into a mrror

surface sipagl@wlmeﬁ |g§ﬁs 19 fremghaing sanuehnd orsdike. itis prederradi thatgbe i shi ng st ep

4, after conpletely renoving off cracks occurred on the end surface (the
out er si gelishing sqsrfoned ds ithdisodratreidement, pefote thGpolmhingtsteplid the keirby t he
polishing treatnment in the pre- and post-polishing steps 2A and 2B,

pol i shi ngofisling stsp Agnetidned below, dribefat andjafeéritie mérsqrefatishing intke mmim sur f ace
11 of the doughnut-shaped glass 10 are carried out. [0034] (Exanples) 15

The pr eselistifiy s 4O Bywhislpobepdlishing tstept2ey] theendrsaihed 11061 té HowdHnbe-r ef er ence
to the ?al I ovmg’nglgExarry\ghepaﬁ? Corrpgrzf?l ve Exanple, but the invention should

not r exanpl es.
[00a8;  ShAlzad 108ap6L @“*ﬁ%‘&%%ﬁ% th et LGNS ALIAGCER, Da2 P

cur face SnoyReogeh ThRRgeed o3 REEP O RRs AIWHh b SBBEE % 0 e i se

| apping step 3 in Flg@% had been finished, an exam nation for confirmng
the state of occurre é l)f a defect in the end surface portion was carried

out .
Next, in the main polishing step 4, after completely removing off cracks

occurred on the end surface (the outer side surface 15 and the chamfered part-16) or the

10 like by the polishing treatment in the pre- and post-polishing steps 2A and 2B,
polishing processing and mirror finishing with respect to the main surface 11 of the
doughnut-shaped glass 10 are carried out.

[0034]
(Examples)

15 The present invention will be illustrated in greater detail with reference to the
following Example and Comparative Example, but the invention should not be
construed as being limited to the constitutions of these examples.

[0035]
First, a sample composed of a large number of sheets of the doughnut-shaped

20 glass 10 was prepared, and with respect to the end surface of the doughnut-shaped
glass 10 in which the steps up to the precise lapping step 3 in Fig. 1 had been finished,
an examination for confirming the state of occurrence of a defect in the end surface
portion was carried out.

[0036]

11



[0036] 11 Here, in order to confirmthe effects of the invention of this
application, with respect to the doughnut-shaped glass 10 forned through
fromthe preparation step 1 to the precise |lapping step 3 (according to
this application) in the production step of a doughnut-shaped gl ass as
illustrated in Fig. 1, two kinds of glass substrates including 5 one having
a shal l ow polishing anount (depth) Di of 20 m (A type, see Fig. 2(C) and
one having a deep polishing anobunt (depth) D2 of 52 m (B type, see Fig.
2(B)), each in the pre-polishing of the pre-polishing step 2A, were
produced. [ 003Hpre, mender torfopfiem denrffastst §hm&9&@tglna§§mﬁ@pmtlﬂhr‘@ﬂgh all of
the steps up to the 10 post-polishing (mnor finishing on the end surface)
step 3, wispécttethsaloughmitishapedvglaskil Ademodd thmugh fiiom thh ppepdragioastpd foncl udi ng
the A type and the B type, the nunber of occurrence of a defect on the end
surface waspresigd lappiag sepd @bedivg b tiys @ppliogtiong & the predueticptep offne resul ts
obt ai ned are shown in Table 1. [0038] 1512 0 wo -c ;-4Y 0) H Cuvi

doughnut-shaped glass as illustrated in Fig. 1, two kinds of glass substrates including
5 one having a shallow polishing amount (depth) D; of 20 pm (A type, see Fig. 2(C))
and one having a deep polishing amount (depth) D, of 52 pm (B type, see Fig. 2(B)),
each in the pre-polishing of the pre-polishing step 2A, were produced.
[0037]
Then, in the doughnut-shaped glass formed through all of the steps up to the
10 post-polishing (mirror finishing on the end surface) step 3, with respect to the two
kinds of doughnut-shaped glasses including the A type and the B type, the number of
occurrence of a defect on the end surface was evaluated and observed by an optical
microscope. The results obtained are shown in Table 1.
[0038]

15
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[0039]

According to this comparative experiment, in the type A having a shallow
polishing amount (depth) as the Comparative Example, since a crack o cannot be
completely removed as illustrated in Fig. 2{C), the crack o remains. Thereafter, this
remaining crack a grows and extends during the course to the post-polishing step 2B,
and is observed as a crack or a defect. Incidentally, as shown in Fig. 4, in this type A
having a shallow polishing amount (depth) as the Comparative Example, it could be
confirmed that the total number of cracks is slightly over 10 % of the whole and that
the total sum of defects reaches slightly over 20 %.

[0040]

On the other hand, as illustrated in Fig. 2(B), in the type B having a deep
polishing amount (depth) as the Invention Example, since the crack a can be
completely removed, such a matter that thereafter grows during the course to the post-
polishing step 2B and is observed as a crack or a defect is not substantially seen.
Incidentally, as shown in Fig. 4, in this type B having a deep polishing amount (depth)
as the Invention Example, it could be confirmed that even the total sum of defects can
be greatly reduced to about slightly below 3 %.

[0041]

Thereby, there has been obtained a finding that when not only the polishing
treatment 1s carried out once as in the conventional technology in the post-polishing
step 2B before the treatment in the main polishing step 4 of polishing and mirror
finishing the main surface 11 of the doughnut-shaped glass 10, but the polishing
treatment is also carried out before the precise lapping step 3 of precisely grinding the

main surface to a prescribed depth (52 um in this comparative experiment) deeper than

14
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cdca O0g 0OAOaOgi CO ATNOOt OU7s Hv~d WII UWWII C7
0O 0 [0039] According to this conparative experinent, in the type A having a
shal | ow pol i shing anpbunt (depth) as the Conparative Exanple, since a crack a
cannot be conpletely renoved as illustrated in Fig. 2(C), the crack a
remai ns. Thereafter, this 5 remaining crack a grows and extends during the
course to the post-polishing step 2B, and is observed as a crack or a

defect. I,ncidentall .as, shown.in Fig...4, in thi e A havjin shal | ow
ol Lo nirE R E e e NeRinehsit o isbine el BY BredreplR it B on 1 g
t hat the tgtal nunbﬁr@ of cé‘g%k is slightly over 10 % of the whole and that

the t ot a”néaRefet Brosdplibyt Qsedp am@st %°18ver 20 % 10 [0040] On the ot her
hand, as illustrated in Fig. 2(B), in the type B having a deep polishing
anount (depth) as thE)OHAVenti on Exanple, since the crack a can be
conpletely renoved, such a matter that thereafter grows during the course to
t he post- pol i $tshogddeeongBiedtbhtithe nbemiondsinaer imited ¢k therfomgdaigect i s not
substantially seen. 15 Incidentally, as shown in Fig. 4, inthis type B

havi n§ a cebefinidld, ahd 1hg iaventibh cirbptdnicd ast ih Meridwrvfornihs thExem st 1t coul d
be confirnmed that even the total sum of defects can be greatly reduced to

about sl iggfhliNe BEMANE BisVeheldP41] Thereby, there has been obtained a finding
that when not only the polishing 20 treatnent is carried out once as in the

conventi onal technol Wﬂ n the post-polishing

The specification, claims, drawings and abstract of Japanese Patent
Application No. 2007-203158 filed August 3, 2007 are cited herein in their entirety and

10  incorporated herein as disclosure of the specification of the invention.

INDUSTRIAL APPLICABILITY
[0044]
According to the method for producing a glass substrate for magnetic disk of
15 the invention, it is possible to remove almost all of cracks that occurred before the
lapping step and have a depth not more than the usually assumed deepest depth.
Accordingly, the invention is useful for a method for producing a glass substrate for
(magnetic) disk for storage devices in portable equipment required to have high

durability and impact resistance, such as PDA or cellular phone terminals, etc.

15



step 2B before the treatnment in the main polishing step 4 of polishing and
mrror finishing the main surface 11 of the doughnut-shaped gl ass 10, but
the polishing treatnent is also carried out before the precise |apping step
3 of precisely grinding the main surface to a prescribed depth (52 .tmin
this conparative experinment) deeper than 14 the polishing depth in the
foregoi ng post-polishing treatnment, the occurrence of a crack and a defect
can be inhibited to close to al nost_zero. [0042] It should be construed
that the invention is never |initefltdMhe foregoing 5 enbodi ments, and the
invention can be carried out in various fornms to the extent not deviating
fromthe gist thereof [0043] The specification, clains, drawi ngs and
abstract of Japanese Patent Application No. 2007-203158 fil ed August 3,
2007 are citedlher ei Amethohfirprahicinget glassrsdbstiitd foc oragoetat disk,her ei n as
di scl osure of the specification of the invention. |NDUSTRI AL APPLI CABILITY
[0044] Aomprisingg to the nmethod for producing a glass substrate for magnetic
disk of 15 the invention, it is possible to renove al nost all of cracks
that gccurred Q%feﬁro%’ p}ébﬁrihglﬁléir&ﬂarsélﬁé% sﬁﬂﬁralf@ﬂeﬁrir?g SeRidsuabe WYLk t han the
usual | y assuned deepest depth. Accordingly, the invention'is useful for a
met hod f L: I t f L | f st or age
%hdﬁ’ée%gagg%lﬂg tPthd nikin gnﬁ’f‘é%é driihfier sgc{ehsg\ﬁ/fg@%@eg*{h&%% ﬁg@ﬁq 1?51(3

devi ces in por e”equl pnment requiredt _ y and i npact
resi st angeneBiieh i (RMh <Al b e ARG RIS B Steride sufRoA VB

opposing to the inner side surface;

a first polishing step of polishing the inner side surface and the outer side
10 surface of the glass substrate;
a step of lapping the polished glass substrate; and
a second polishing step of polishing the inner stde surface and the outer side

surface of the lapped glass substrate.

15 2. The method for producing a glass substrate for magnetic disk
according to claim 1, wherein
the polishing amount to the glass substrate in the first polishing step is larger

than the polishing amount to the glass substrate in the second polishing step.

20 3. The method for producing a glass substrate for magnetic disk
according to claim 1 or 2, wherein
the inner side surface and the outer side surface of the glass substrate polished
in the second polishing step are mirror surfaces having an arithmetic average
roughness of from 50 nm to 100 nm.

25
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1. A nethod for producing a glass substrate for nmagnetic disk, conprising:
5 a step of preparing a circular glass substrate having a main surface, a
back surface opposing to the main surface, an inner side surface defining a
t hrough-hol e penetrating fromthe main surface to the back surface, and an
outer side surface opposing to the inner side surface; a first polishing
step of polishing the inner side surface and the outer side 10 surface of

the gl ass substrate; ste polished gl ass supstrate; and a
second pol i shi%g ste‘ﬁgtlﬁss Sﬁéﬁ?.fagg@ﬁ*getﬁﬁ%%da@ SEERHIf he outer side
surface of the |apped gl ass substrate. 15 2. The nethod for producing a

gl ass supEduging afgéass Faltrate fer magnetIC&bMPngaf@ agy gnerpficl awaﬁef& H the
pol i shing anmobunt to the glass substrate in the first polishing step is

| arger than the polishing anbunt to the gl ass substrate in the second
polishing step. 20 3. The nmethod for producing a glass substrate for
magnetic disk according to claim1 or 2, wherein the inner side surface and
the outer side surface of the glass substrate polished in the second
polishing step are m nor surfaces having an arithnmetic average roughness of
from50 run to 100 nm 25 16 4. A glass substrate for magnetic disk,
produced by the nethod for producing a glass substrate for magnetic di sk
according to any one of clainms 1 to 3. 17
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