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9805623-6  Title of the Invention METHED FOR GRI 9 '9 ﬂ TRAT
- Background of the Invention (1) Field of the | nventi z %
i nvention relates to a nmethod for gri ndm‘\g a gl ass substrate for us

hard di sc used nmainly as an information rgcor di ng medi um ut er1 {qmv 1009
Descri ption_of Rel at ed Art In recent. years, use of

rapidly becMeﬁg Fve‘}@@pl ng pace therepth, OS (operation system soft

war es necessary for conputer operation as well as soft wares of prograns

runni ng on operation systenms have come to pAve a | arge number of codes.
Further, thesETRHOD'POR GRYRDING OF SUBSTRATEOUNt s of data.

Hence, in devel opnent of a hard disc used as an information recording

medi um capabl e of qui ckI y recording and reading a | arge anount of

i nformation 5 ha orre popul ar to use a gl ass substrate superior in

har dness an@ 9% § %@anélﬂnarl y a crystallized glass substrate in

pl ace of a nmetal substrate. I n producing a
gl ass subst %ggghéﬁhe%ﬁ??ﬁﬁgd above, thickness processing consisting of

three steps, i - €. THFeseAP R Visition! EatedRBiaNG sl firi g r(%ﬁ?lgﬁés pol i shing
has ordinarily been conducted in order to obtain a glass strate of high
t hi ckness p st:nata fanuséimgh bard disesesed mainly ag an ihformatiak rewzding

pr ocessi ng, ver, the arting glass substrate nust have a sufficient
t hi ckness |r¥n% °f8°ﬁ5‘Pé\%%‘ht t he deformation which may take place in the

operation cqagu of war page or distortion; in the primry
(rough) poli ﬂl (ritjgeesgnfp %esgiéépn%{mtl ng to at least 50 to 60 [err] m nust

be renoved becausentfwem y6arspasd bfcaagpeters ddsirapidlg beeusie popslilai.ne | appi ng
steps need be renpved conpl et el
Keeping pace therewith, 68 (operation system) soft wares necessary for
computer operation as well as soft wares of programs running on operation
systems have come to have a large number of codes. Further, these programs
have come to produce larger amounts of data.

Hence, in development of a hard disc used as an information recording
medium capable of quickly recording and reading a large emount of
information, it has become popt__:lar to use a glass substrate superior in
hardness and smoothness, part:icularly a crystallized glass substrate in place
of a conventional aluminum metal substrate.

| In producing a glass substrate such as mentioned above, thickness
processing consisting of three steps, i.e. rough lapping, fine lapping and
primary (rough) polishing has ordinarily been conducted in order to obtain a
glass suBStrate of high thickness precision and high flatness.

In t,his thickness processing, however, the starting glass substrate
must have a sufficient thickness in order to prevent the deformation which
may take place in the operation conducted for correction of warpage or
distortion; in the primary (rough) polishing, a thickness amounting to at least
50 to 60 pm must be removed because the pits locally generated in the rough
and fine lapping steps need be removed completely.



2 Thus, in order to obtain a glass substrate product of desired

t hi ckness, according to the above thickness processing, a |large thickness
nmust be renoved fromthe starting glass substrate and a | ong processing
time is required. Hence, the present applicant devel oped and

proposed a metfod f.or grindi .of gl ass bsirate ggr ' [ 1Ag gl ass
substrate free ?%M%F?’ﬁﬁ&@ﬁ@lﬁ&@aﬁmu %rﬁfﬁ R@O(%I{C : ?%F@egstgga{rﬁésgl ace of
| appi ng aﬁiﬁsﬂﬁn to the alfove thicknes8 E‘S@esgﬁfél‘&q’ar%é fhRkhkss fnuMttbenecessary to
process the starting glass substrate so as to have flatness, the starting
gl ass sufesiowddfroan thieseartingalyss subdtrate akd adengmpaodessingtiméis t hi ckness

processing thereof can be conducted efficiently. In the nethod,
however ,reguared.t here is no change in the nunber of thickness processing
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it is pr conduct thickness procesSing in one step. However, when

a startiwgrphgeis aséd andtgeiddingrstepmarmagsed i plaveafdapping stepsst ep, at
| east three hours arg necessaré to obtain a satisfactori I%Sn&rocessed gl ass

substrate to be subj Bethemethed HneartismatiecesamydRinrgce &$HeRtRE) ong
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polishing, having a required flatness and a required surface roughness

(Ra); hovoenductedieffigienatly. substrate to be subjected to secondary polishing
s not satisfact i n.fi,ne undul ation,and.rolls; off, he shapes,of

i nternal and oi’i‘gil\édP%‘#é’@eﬁBWSf’eﬁI% t%’l%%i“?&?é’}‘.angem(the n‘f—'{Bﬁg’FQfsurface
grindi ng ' Qﬂf(ghs ' f; ' Feh e
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bef ore sgeimiag\anbriwgh pelishiag), theirefaction iniprocessing stepscand thit at i on,

efficiency of processing are not sufficient.

In order to alleviate the problem, it is preferred to conduct thickness
processing in one step. However, when a starting glass substrate having
warpage is processed in one step, at least three hours are necessary to obtain a
satisfactorily processed glass substrate to be subjected to secondary (fine)
polishing; and such a long time is not practical.

When a starting glass substrate having no warpage is used, there can
be obtained, by polishing using a polyurethane pad and cerium oxide, a glass
substrate to be subjected to secondary polishing, having a required flatness
and a required surface roughness (Ra); however, the glass substrate to be
subjected to secondary polishing is not satisfactory in fine undulation and roll-
off (the shapes of internal and outer diameters of glass substrate).

Rotary surface grinding lwherein the both sides of a starting glass
substrate are subjected to grinding sequentially, gives a processed glass
substrate before secondary polishing, not satisfactory in any of fine undulation,

roll-off and surface roughness (Ra).



roll-off and surface roughness (Ra).

3 Di anond pellets grinding wherein the both sides of a gl ass
substrate are subjected to grinding sinultaneously, can give a processed
gl ass substrate before secondary polishimg, satisfactory in flatness, fine
undul ation and roll-off, but is unable to allow the processed gl ass

substrate bef or Bimnondgelletpgtindingiwhercinthe hothsidesof a glags tyatg) of

0. 05 ] whi.ch, i s . f . gl b t e bef
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abr asi ve. pyt HIABbI @ alldve the Yesdesset %la_ss subsirate before betdilahputishingi oned
probl ens of the prior art, the present invention ains at providing a nethod

for grindimbavé agguafacestonghnesse (Ba) of0.05 pnz on desst (which ks necessery fasang of

| ass subsirate_onl in.one step and.f her can in bout si gnifj nt
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t he presephrtifhéasiséssr dibBfoRl pelldts abirslside andebh eHe hordressing cop dnctdd for

substrate, which conprises: (1) interposing a glass

subst r at ethelabrasive. plurality of carriers, bet ween an upper surface
plate and a | ower surface plate both .constituted by fixed abrasive
particles, and (2) applying, to the glass substrate, a
pressure gﬂﬂnﬁ¥ﬁgkg&ﬁ Invention™tion by the two plates to grind the both

si des of the glass sugstrate,' to obtain the glass substrate having

a flatness of l@n[wew]ofithe abess-nmattiened problems wf the pricriagtBespiaiant of
0.0005 t0.0.05 [err]m after the grindi prese

g. . .. nth ng . _
i nvent i onINY¢REOR aiws At reviding armpthodsios @fﬂl@g&fﬁhﬁﬁ sipbstrate which can

conduct thickness processing of glass substrate only in one step and thereby
can bring about significant reductions in material cost, cost of processing
equipment, cost of material lost in processing, processing time, etc. and
accordingly a significant reduction in cost of final glass substrate product.

According to the present invention, there is provided a method for
grinding a glass substrate, which comprises:

(1) interposing a glass substrate held by a plurality of carriers,
between an upper surface plate and a lower surface plate both
constituted by fixed abrasive particles, and .

(2) applying, to the glass substrate, a pressure and a rotary
motion by the two plates to grind the both sides of the glass substrate,
to obtain the glass substrate having a flatness of 10 pm or less and a
surface roughness (Ra) of 0.0005 to 0.05 um, after the grinding.

In the present invention, the fixed abrasive particles are preferably an
elastic grindstone containing at least one kind of abrasive particles selected
from the group consisting of cerium oxide particles, manganese oxide particles,

aluminum oxide particles, silicon nitride particles, silicon carbide particles and



elastic grindstone containing at |east one kind of abrasive partides
selected fromthe group consisting of ceriumoxide particles, nmanganese
oxi de particles, alum num oxide particles, silicon nitride particles,
silicon carbide particles and 4

4 zirconium oxide, particles; the partigles,of . the f.ixed rasive

parti cl ezirgoriven gxide pariicles; %%2&‘&@‘(5’&3% thejfixed abragiye ??589858. 0
[er]rm L t t 1RV | trate is preferably
Lol eetpestgo g S Ay SE A p S sV 00 BB st ot 15 o
Description of 14 *%Be?’réﬁ%ﬁt@iﬁvenﬁon, theMgldss substratsiyprefiétably sabjesbedtog one
exanpl e of the grinding nmachine used I'n the present nmethod for grinding of
gl ass substiatrmeand revolutiofi durifigitbe groxhingat i ¢ per spective vi ew show ng the

upper surface plate, |lower surface plate, carriers, etc. used in the
grinding machine of Fig. 1. Description of the Preferred Enbodi nent

The present Qd. .k L heh ng . | ass substrate conprises (1) interposing
a gl ass g&b@%@%@ﬁ%oﬁlﬁ%ﬁ[g?ﬁﬁqty of carriers, be'_tvveen' an upper surface
plate and a | 0‘1@?. $ 4§ hagReRladicsriORtdhoGANE lonkeldxanple dfithedribdiagi ve

particles and (2) applying, to the glass substrate, a pressure and a rotary
noti on bynadhinewsed iat the present methodbfdrgiindingeef glass pubsfirates substrate; in

t he nmethod, the,gl ass supstrate is allowed tq have, ,after the grinding, a
flatness of 104&r E]l?nao'ic pEadicpRyspectiye Bew &b‘ﬂ'@%@’s‘* RS %‘frfg‘.’?)e ®to

0.05 [er rl%]vgbr surface tpl%%-%?:ag{ig%g @gcr EF%@S& tﬁ@?rﬂidiﬁ ' B cKind! JEXig gbstrate can

shorten ¢ conventl ness processi ng of glass substrate
to one step; thereby, can bring about significant reductions in nmateri al
cost, cost of_ processing equi pnent, cost of material |ost in processing,
processi ddescrintionepf the Pa@fearerdgEmbpsiuaantreduce the cost of final glass

substrate pr Oduﬁtle f)irgsneiﬂctin(ie rﬂ[oldyfor grinding a glass substrate comprises (1)
interposing a glass substrate held by a plurality of carriers, between an upper
surface plate and a lower surface plate both constituted by fixed abrasive
particles and (2) applying, to the glass substrate, a pressure and a rotary
motion by the two plates to grind the both sides of the glass substrate; in the
method, the glass substrate is allowed to have, after the grinding, a flatness of
10 pm or less and a surface roughness (Ra) of 0.0005 to 0.05 um.

The present method for grinding a glass substrate can shorten the
conventional steps of thickness processing of glass substrate to one step;
thereby, can bring about signiﬁcan,t reductions in material cost, cost of
processing equipment, cost of material lost in processing, processing time, etc.;
as a result, can reduce the cost of final glass substrate product significantly.

The present invention is hereinafter described in detail with reference
to the accompanying drawings.

Fig. 1 is a schematic view showing one example of the grinding
machine used in the present method for grinding of glass substrate.

The grinding machine shown in Figs. 1 and 2 comprises an upper
surface plate 11 constituted by fixed abrasive particles; a-lower surface plate



The present invention is hereinafter described in detail with reference to

t he acconpanyi ng draw ngs. Fig. 1 is a schematic view show ng one
exanple of the grinding nachine used in the present nmethod for grinding of
gl ass substrate. The grinding ngchine shown in Figs. 1 and 2

conpri ses _an upper ur f.ac | ate 11 nsti ed b | Xxed abr asi ve
D an)i cl es ;I%é:opg%épteéfpy ge(g& gf;g@@ve partggles, which is px)tl)v{de)& so as to face the
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shown) or lilkdee alpleality of dise'shhyed®tadticrs Hhaitefposad betweed Thenijeposed

bet ween the upper surface plate 11 and the | ower surface plate 12; and a
gri ndi ng Isiwfacd platedl hgnddhedowdr surfatepliited 23 apdi angringing higudd feedingnoval

f chi d ab ' ticles, ang, [ f t ti b
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carrier % ﬁ?e&%ﬁ%p&%&%ﬁaﬁkgfeﬁﬁgﬁ%?n,hglgglsndf@gz @Mﬁg rates 15
to be subjmgéldelcandpple \gredberd Blodvihp rhinlP@b €Be 43H wdight of théduppst at e,

are interposed between the upper surface plate 11 and the | ower surface
pl at e 12. surface platalihe centers of the upper surface plate 11 and the

| ower surface plate 12 i.s.proyided a sun ar 16, which can . he ot

| ndependent Ly | AmSRIER b5 oo BrReRS s 4 phPAL (@38 Ee2f of hileseq
w th each ar ' ] ral

Each gear 11 Cc i@%%ﬂé%rﬁl%ﬁfﬁ&%ﬁ# n egﬁggﬁ’égfa’f‘rge %@gvlﬁldg{cf Hotes 13a

| ndependerdndy ihthidstate carel inyerpbsédhbetvdatiticuppercswifatdpldtevidrasdithace

pl ate 12. When the carriers 13 are rotated by a carrier-rotating
means con%?‘é/ﬂﬁgr@ﬁ:em%tes% gear 16, the internal gear 17, etc., there

12 and the carr il beRenve® dAREamrd SicfoB b fLnaliifis 1P8BE ehbfeEalal ™ ©
pl ace bet vigeis §a9iddiL sudlida? 0% WhithCeahlba RotaitbE ih @in domitlypadnPtid € 12,
and each %325 sigi%ig rp?ztlfe 12. The sun gear 16 is meshed with each gear 13c formed
g g e
at the circumference of each carrier 13. '
Each gear 13cis meshed also with an internal gear 17 provided
independently in the vicinity of the circumference of the lower surface plate 12.
When the carriers 13 are rotated by a carrier-rotating means
consisting of the sun gear 16, the internal gear 17, etc., there occurs the
rotation of the upper surface plate 11, the lower surface plate 12 and the
carriers 13; as a result, relative planetary rotation takes place between the
upper surface plate 11 and the lower surface plate 12, and each glass substrate
15 to be subjected to grinding moves in a planetary orbit covering the whole
surfaces of the plates 11 and 12.
It is preferred that the glass substrates 15 held in the holes 13a of the
carriers 13 can make smooth rotation aﬁd revolution in the rotational direction
of carrier 13 so that the damage of circumference of glass substrate 15 can be

suppressed greatly.

The main feature of the present method for grinding of glass substrate



15 to be subjected to grinding noves in a planetary orbit covering the
Wwhol e surfaces of the plates 11 and 12. It is preferred that the

gl ass substrates 15 held in the holes 13a of the carriers 13 can nake
snooth rotation and revolution in theegrotational direction of carrier 13 so

that the damage of circunference of glass substrate 15 .%agpb suppr essed
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contai ni ng at ast one kind of abrasive particles selected fromthe group
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oxide particles, silicon nitrjde particles, siligcon carbide particles and
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obt ai n, fr(gm a @tarti ng gl ass substrate free from warpage, a gl ass

subst r aPE$eP8F d?@t:ondary (fine) polishing, satisfactory in flatness,

surface roughness, A hNRsHtdi idpo8sibld € dbtalh, fréica st@iting ghassrabgtiatdi ng
step nentioned above. : In the present method, it is also

pr ef er r deed frmm trerppge! 4 glass substiade befote secondasiy@Ened polishig,have an
average particle di ter of 1.0 t0o 8.0 [err]m, Wth su ver age
parti cl Sadiskagiory 1n fladness surkace ZouEhaess, ?‘R&)urbq‘}%%'émpf‘@l@' &%‘C-gf’ﬁg{;
subst r at, r-elid abl L, 0 of 0.0005 to 0.05 [err]m
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Furt her, i Py "'using an el astic grindstone as the

fixed abrasive parini ¢h&predeh€ ntéthotd g i6 @dédpafeniedadiathp particlessof thenade
uni form theedgl ass surface has no deep cut; and the abraﬁi ve particles can
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Further, in the present method, by using an elastic grindstone as
the fixed abrasive particles, the cutting depth by abrasive particles is made
uniform; the glass surface has no deep cut; and the abrasive particles can have
good intimacy with the glass surface. Therefore, an excellent finish surface (a
mirror surface) and a excellent processing precision can be obtained; heat
generation by grinding and loading can be suppressed; and stable long-hour
continuous grinding is made possible.
The present invention is described in detail below by way of
Examples. However, the present invention is in no way restricted by these
Examples.
In the followings, the quality requirements for processed glass
substrate before secondary (fine) polishing are as follows.
(1) Flatness: 10 pm or less
(2) Surface roughness (Ra): 0.05 ym or less
(3) Fine undulation: 0.05 um or less (at a distance of

4 mm)



Exanmpl es. However, the present invention is in no way restricted by these

Exanpl es. In the followings, the quality requirenments for
processed gl ass substrate before secondary (fine) polishing are as

fol | ows. (1) Flatness: 10 [err]7/mor |ess (2) Surface
roughness (Ra):, 0.0 rr or SS (3) Fine undul ation: 0.05
[err]mor |ess ((%Bogl"gésféiﬁ]ééo 6‘#- pm 4 m

(4) Roll - X 105 to -0.1 [err] mExanple 1 A pol yester as a bi nder
was adde Hm 1Leri um oxi de powder having an average particle dianmeter of
1.0 [err]m theApebsténgs abididerenygadded ded deyivmtoxpdepswdgr having an

predeterm ned tenperature to forman elastic grindstone, thelifel stilc
gri ndst oraverage particte diameteriof 1.0rm; thexresudGngmixiuce Hasupp dﬁw gte

| ate and a | ower, surface plat Lng a_gkrindin hin f Fig. 1
ot i o1 R eRB R0 Dredrierbuts tenperatugs 10 Futlafd PRS0 0
flat ; ' ' j t

(i anet or S PPR Gt R Wik (R B 2lcREt S0n 1ol APAAIRE dbl ubPBrbumate O
65.0 MM plase amld £tdwer swxfadd platerlg under the conditions shown in Table 1,

until the thickness becane 0.640 nm The results are shown in Table 6.
Exanpl e 2 Using pemndingmaghine of Figr1 sprpsising the ahove surfase piptes,

i sti f 70% of sili bi d [ LGl [ t f
50 [ r | helns Sttt es HimoRPORete et ot Y & 085 Y dudefie e 1 °
3.0 [err] ﬁl‘ocﬁgtﬁg[%tg‘r{hhbilﬁnﬁ‘d&tté'f i fRSte P (1#8 Sk dssh 01700 89S inthed [didmeter:

pr edet er m ne ature to forman elastic grindstone; the elastic
gri ndst on20Wamni; duted dismaterads.0i mn) whasebjeoted togrinding upder their f ace

(F;) lofr:)rei 2?2@3@%&%@3@%&6 335 ae;]e, andd the thigtsrilens% baecgrrnien(?.i(izg ngrr‘;lc.hi'ﬂ?e of Fig. 1

results are shown in Table 6.
Example 2

A polyester as a binder was added to a mixed powder consisting of 70%
of silicon carbide having an avérage particle diameter of 8.0 um and 30% of
cerium oxide having an average particle diameter of 3.0 um; the resulting
mixture was molded by hot pressing at a predetermined temperature to form
an elastic grindstone; the elastic grindstone was fitted to a cast iron plate to
produce an upper surface plate and a lower surface plate.

Using a grinding machine of Fig. 1 comprising the above surface plates,
a glass substrate free from warpage (flatness: below 5 um\’ and subjected to
processing of inner and outer diameters (thickness: 0.700 .mm; inner diameter:
20.0 mm; outer diameter: 65.0 mm) was subjected to grinding under the
conditions shown in Table 2, until the thickness became 0.640 mm. The
results are shown in Table 6.
Comparative Example 1

A pad obtained by impregnating cerium oxide into a polyurethane was
fitted to a cast iron plate to produce an upper surface plate and a lower surface

plate.



a glass substrate free fromwarpage (flatness: below 5 [err]m and
subjected to processing of inner and outer dianeters (thickness: 0.700 mm
i nner dianeter: 20.0 nm outer dianeter: 65.0 mr) was subjected to
grinding under the conditions shown i® Table 2, until the thickness becane
0.640 mm The _results are shown in Table 6. Conparative Iixarrpl e .l
A pad obt ai nedJsing arpobighiag mgchimeicompssing thetaboxe sypfasediatescans fitted
L0 2 odrhSP aelliin' o3l ST P abPBEF o5l 266 R Mo Ty Sur 2o

poli shi mw@gﬁglgg&s@ﬁiﬁg@agogﬁpe&%ﬁg StTfAs iy 866t dathdtery i ng a cerium

oxi de slurry, S ree om war page (flatness: below 5
[err]m (shitkswebse®.U00 hm; Minecdidintster:20.0 pon; anderodineetdro8®0enm) was
(thickness: 0.700 nm _inner dianeter; 20.0 mm outer diameter: 65.0 nm) was
subj ect exthjected! togralishing gader Khe conditions showmoinn Iabledpmtibthent i | t he

t hi cknesg .becang 0. 640 The rgsults,are shown L.nTable 6. Conparative
Exanpl e éugﬁnesgebe%%:%}or}gm.et ?ﬁ%%@%a%%‘ﬁ’?%‘%é“é‘%?%ga cast iron plate
at  gi vench ek EapRosice an upper surface plate and a | ower surface
pl at e. —"_k'_—'%géh_——g__l g a grrnding machine of Fig. 1 conprising the above

sur f ace pl at esDiamghdgselktd ¢ 15008 Weredittedto neapbiren(flate abgszenbel ow 5

[err]m) and subjected to processig&cof i nner _and outer , di ar{Eters
( t hi ckneibervalsto prafuce anuppes surkace phatecandra lowes sugfacamlate. 650 my) was

Chi ckness becallsits AR5 R erRa PR i Eien) SoRnBin fhd 2gpTe surtishplplelt o
Exanpl e 8 glass substPh@RBE fildeh Weirp ap® (Batrlesspblbe @Fﬁﬂﬁnd s6bjepted ® at given
intervals to produce an upper surface plate and a | ower surface plate.
Usi ng a procedsimg offinmien andf ovtiey didmeterp (fhickgessh 6. Aomen simfexgdapleders, a
gl ass SUBBIY Bixs; outer Hamarhi 88.0 fuln) was subjected to Brinding unded e = 19+ °
conditions shown in Table 4, until the thickness became 0.640 mm. The
results are shown in Table 6.
Comparative Example 3
Diamond pellets were fitted to é cast iron plate at given intervals to
produce an upper surface plate and a lower' surface plate.
Using a grinding machine of Fig. 1 comprising the above surface plates,
a glass substrate having warpage (thickness: 1.30 mm; inner diameter: 19.0
mm; outer diameter: 66.0 mm) was subjected to rough grinding under the
conditions shown in Table 3, until the thickness became 0.860 mm. Then,
chamfering of inner and outer diameters and edge polishing were conducted.
Then, the resulting glass substrate (thickness: 0.860 mm; inner
diameter: 20.0 min; outer diameter: 65.0 mm) was subjected to fine grinding
under the conditions shown in Table 4, until the thickness became 0.690 mm.
Lastly, the resulting glass substrate was subjected to primary (rough)
polishing under the conditions shown in Table 5, until the thickness became
0.640 mm.

The results are shown in Table 6.



mm outer dianeter: 66.0 mM) was subjected to rough grinding under the
conditions shown in Table 3, until the thickness becanme 0.860 mm Then,
chanfering of inner and outer dianeters and edge polishing were conduct ed.
Then, the resulting gl ass substrate (thidkness: 0.860 mm inner dianeter:
20.0 mm outer dianeter: 65.0 mm maﬁgﬁﬁbJECtEd to fine grinding under the
conditions shown in Table 4, until filckness becane 0.690 nm

Lastly, the resulting glass substrate was subjected to primary (rough)

pol i shing under the.conditions shown in Table 5_ _until the thickness becane
0. 640 nm Mhrasiveartictesarsetl danssurfacabl B B0 pm CeO2 '
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errm err] pla ’ At 1 on owgr surface
plate (rpm 20 REGREd Rt R L e St 17 (rpm
Carrier rotation (ﬁR pp p 5 Carfier FZVO|UtI0n (rpm
7 Pressure applied£ 'Hﬂchr]) 100 QALe_aL_pLQc%ssing
([err]nin) Carrierotation (rpm) TabbPe 2 |Abrasive
particles used in §@deixe revoldtidn/@pm)m SiC + 3. D 7
Pressure applied (g/cm?) 100
Rate of processing (um/min) 1.5
Table 2
Abrasive particles used in surface 8.0 ym SiC + 3.0
plates of elastic grindstone um CeO:2
Rotation of lower surface plate (rpm) 20
Rotation of upper surface plate 7
Ypm)
Carrier rotation (xpm) 5
Carrier revolution (rpm) 7
Pressure applied (g/cm?®) 100
Rate of processing (um/min) 7
Table 3
Particle size of diamond pellets #1000
Rotation of lower surface plate (xpm) 9.0
Rotation of upper surface plate 3.0
(rpm) .
Carrier rotation (rpm) 4.5
Carrier revolution (xpm) - 3.0
Pressure applied (g/cm?) 120
Rate of processing (um/min) 25




plates of elastic grindstone
surface plate (rpm

(rpm Carrier rotation (rpm

(rpm

Rate of processing ([err]mmn)
3 Particle size of dianond pellets

surface plate (rpm

(rpm Carrier rotation (rpm

(rpm _
Rat e of processi
10

#1500 Rotation o
surface plate

[err]m Ce(Jerr] Rotation of | ower

20 Rotation of upper surface plate 7
5 Carrier revol ution
7 Pressure a%)l ied (g/cnferr]) 100
7 Tabl e.
#1000 Rotation of | ower
9.0 Rotatio er surface plate 3.0
Fi‘agie 4PP 4.5 Cgr rier revolution
3.0 Pressure applied (g/cnferr]) 120
(Lerr]lmm-m 25
[nﬁaftléle Sﬁﬂ@@'a{n@ndmr‘l e sk ze n#lm(l\rygnd pell ets
Rbtation sflofwer supfaceelateofrpm) | 6.0 Bl ationl|of upper
Rotation &f @ppérdrface plate 2.0
(rpm)
Carrier rotation (rpm) 2.5
Carrier revolution (rpm) 2.0
Pressure applied (g/cm?) 150
Rate of processing (Lm/min) 12
Table 5

Particle diameter of cerium oxide 1.2
(pm)
Rotation of lower surface plate (rpm) 40
Rotation of upper surface plate 13
(pm)
Carrier rotation (rpm) 13
Carrier revolution (xpm) 10
Pressure applied (g/cm?) 100
Rate of processing (um/min) 0.8



Particle
surface
13 (rpm

| ower

revolution (rpm

Tabl e 5

rr]m Rotation of

150 Rate of processing
ace plate

2.5 Carrier

b

1.2

12
40 Rot ation of upper

1A

of cerium oxi de

rotation (rpm
2.0 Pressure applied (g/cnferr])

([err]m m n)
di anet er
plate (rpm

Carrier
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12 The follow ngs are clear fromthe results shown in Table 6. In
Exanples 1 to 2, the quality requirenents for glass substrate product after
secondary (fine) polishing could be well satisfied; noreover, the thickness
reduction fromglass substrate during i?ickness processing and the tine of
t hi ckness processi coul d be reduced gni ficantly. Meanwhi l e, in
Conpar at i ve dlgomnghare kcketam £sosn 4hel rssmhtasleowuugﬁl?ﬁdg 6 ReIP necessary

LS;WBSL? ﬁﬁgk%ﬂig oS iy PR sdpr Bl R Befie f?re;s’btmé's”teﬁo
SO, PQleb&RY. tﬁfel‘f(% L}gq‘i‘f%t i 8ol v%@lgl‘%% %ﬁe{lhﬁlo% ﬁiébﬁhf:ﬁﬁgssbe ore

processi ng an eqw renen T'ne andul ation and roll -off

coul d naiedbetioafrematlass substratel du@?n ickineyepiucResing ahd the tigweabf t y
requi renents for flatness, fine undulation and roll-off could be achieved;

however ,thickngss nnepessing ceulddberadnsed isignificsntlyed gl ass substrate before
secondary ﬁglc'e@@ﬁ%&ha@%a Sabygabramly L e bles and SRS gy
b | 2

o ng ¢ AOUERBERE TRE) heHALAAS ﬁ%‘??%%? S T L L AR

pellets ;aﬂrsinng&oatdibébbtémedphoﬂémsh@eahewﬁdeﬂab thbaypperasidie.
In Comparative Example 3, the quality_requirenents for. glass substrate

bef or e W@ﬁwﬁamh@tﬁ Wgs éms«zft,u@hebungga@urged@&ongnﬂmebape ef the the

t hi cknes ) r._alass subst was, conduct ed ee steps, the
shor t enii3obPOBRT ek 2eBp BstEemkrad B aliffiof RRRUFPRERL I € 17 ocessi ng
ver e notusdhldtfdBhd roll-off could rfdt HéeadhtRedl above, the present nethod for
grinding of glass substrate can shorten the conventional steps of thickness

processing of I;l Q@mxmmmveﬂmmplecﬂlethet@mhtyhequhpmm for ﬂameMe
gost, .cost of, processin i cost

A TR AN N S A N R
reduce 1R SResHd §fa§§ Subsatd Before EaYHary pIRShLEAH hive a surface
roughness (Ra) of 0.05 um or less (which is necessary for a glass substrate
before secondary polishing) because the surface roughness (Ra) could not be
reduced below 0.2 um owing to (a) the sieving limitation of the particle sizes of
diamona. pellets abrasive and (b) the no dressing conducted for the abrasive.
In Comparative Example 8, the quality requirements for glass
substrate before secondary polishing could be well satisfied; however, since the
thickness processing for glass substrate was conducted in three steps, the

shortening of thickness processing steps and the efficiency of processing were
not sufficient.

As described above, the present method for grinding of glass substrate
can shorten the conventional steps of thickness processing of glass substrate to
one step; thereby, can bring about significant reductions in material cost, cost
of processing equipment, cost of material lost in processing, processing time,

etc.; as a result, can reduce the cost of glass substrate product significantly.



What is clained is: 1. A method for grinding a glass_substrate, which

conpri ses: (1) interposing a glass substrate hérd—by-a-____

plurality of carriers, bet ween an upper surface Tﬁ
*a

dimhae b s T Ny

(2) applying, .to the glass substrate, a pressure and a ro h
notion b 1$W@lﬁ§lled{lé's to grind the both sides of the glass substrate,;r

to obtain the glass,:s trateg. havi a _fl at ness, o Q rrl.mor less and a
surface P‘ldughn g‘%hgiiqg‘f ggn alggzﬂﬁ_%@sﬁ ’]W@\‘%"é‘r‘gﬁﬁé&gri nding. 2.
A method for orindi ng fifledsssiyasaal Supadidld Hyoa Bladdlit).ofthefiers) the
fi xed abrasive particles are an elastic grindstone containing at |east one
ki nd of abr asi Veetpeehiax appacsufacdplate antdreloyauprfaresplate bgtlof ceri um

oxi de particles, mgnganese oxide particles, alum num oxide particles,
silicon nitri déoﬁﬁmﬂﬁqde'@!ﬁé{ﬁdiagé%ﬁlﬁépﬂrﬂéeﬁaﬁﬁ cl es and zirconi um oxi de

10 2, Cwnerein the 2 apeiatec B AR ARl TR AEA R . O T
average parti cliotioA By fHe o pldled & Srifld(tBeboth sides of the'BlaBoSubstiraty,i ndi ng
a gl ass substrate according to any of Claiml to 3, wherein the gl ass
substrate is suiojehtabdtheglass atbstrateblavimgod fliatnesscfr Ithgm trelegs iamdl ag.
surface roughness (Ra) of 0.0005 to 0.05 um, after the grinding.

2. A method for grinding a glass substrate according to Claim 1, wherein

the fixed abrasive particles are an elastic grindstone containing at least one

kind of abrasive particles selected from the group consisting of cerium oxide

particles, manganese oxide particles, aluminum oxide particles, silicon nitride

papticles, silicon carbide particles and zirconium oxide particles.

3. A method for grinding a glass substrate according to Claim 1 or 2,

wherein the particles of the fixed abrasive particles have an average particle

diameter of 1.0 to 8.0 um.

4. A method for grinding a glass substrate according to any of Claim 1 to

3, wherein the glass substrate is subjected to rotation and revolution during

the grinding.



