0 4 SEP 2003 1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON METHOD AND APPARATUS
FOR CHEM CALLY PCLI SHING LI QUI D CRYSTAL GLASS SUBSTRATE 5 BACKGHRPY Fp@ﬁn
THE INVENTION Field of the Invention The present invention relates

nmet hods for chemcally polishing liquid crystal glass substrates in which
the outer surface 10 of a liquid crystal glass substrate or of a

conbi nation of a pair of liquid crystal glass substrates |am nated
together, which are used for liquid crystal displays, is polished. The
invention relates also to chem cgPROIFPOATI(ANpar atus to be used for the
execution of such nethods. 15 Description of the Related Art Aliquid
crystal display device is gemgrEl ko pPerHRepvENT@sNdescri bed bel ow. Each
device partition of a pair of glass substrates, which have areas for

several liqui ﬂgf(?g D AN AP PAGYAPESS FG];{O(.ﬁ?lslﬁiglt U’A?EEY ?%LCI@TTI Wi th

transparent e e and "al'i gnment layer pair gl ass
substrates is Ian1nated eal ant, which is
printed on one gl ass sut}émg)eeﬂ%?g ﬁ}f{% §H§§ cryls?IEI§ seal i ng region
of each vice partition respectively, to give a device assenbly, which
has several liquid 25 crystal display devices. The device assenbly of a

pair of glass BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to methods for chemically
polishing liquid crystal glass substrates in which the outer surface
10 of a liquid crystal glass substrate or of a combination of a pair of
liquid crystal glass substrates laminated together, which are used
for liquid crystal displays, is polished. The invention relates also
to chemical polishing apparatus to be used for the execution of such
methods.
15 Description of the Related Art
A liquid crystal display device is generally manufactured as
described below.
Each device partition of a pair of glass substrates, which
have areas for several liquid crystal display devices, is respectively
20 covered with transparent electrode and alignment layer for
displaying. A pair of glass substrates is laminated together by epoxy
resin through sealant, which is printed on one glass substrate,
enclosing a liquid crystal sealing region of each device partition
respectively, to give a device assembly, which has several liquid

25 crystal display devices. The device assembly of a pair of glass




0 4 SEP 2003 2 substrates is separated to provide several |iquid crystal
di splay devices. Pouring liquid crystal therein conpletes each &p&r}% ed
liquid crystal display device. The glass substrate used for a Iizl 003
crystal display is called "a liquid crystal glass substrate” in the 5
~following. Aliquid crystal glass substrate or a pair of liquid crystal

gl ass substrates | am nated together by egoxy resin as described above is
polished to reduce the thickness, snoothen the surface, and renove

scratches ors@gh@@halt¥s exkepafskedtd PRovielReRrallAqhid 2E¢sf-lMsphay | qui d
crystal glass substrate, which has becone defective in manufacturing

yocess o sibpmkCrousieliodisa i seebechminertd ok ephiag oot

di splay by peeling a pat ng the surface to

remove the THER cBfs BIHSHIS deSicEoTEN L Q0 IRLIANS R EoPR 010 1T aui d

crystal glass™ substrates e mechan I'ng an

polishing. Recentl t here e, depands for. nprovenent in,quahkities of
Prauta o ystaroen) dlplagibradle S IR orafial WaRt ST iRy ks, o

scratches. or| inal I(}/ existing in the surface of a liquid 20 crystal gl ass
substrat & (%1 O%Meenpve remaining marks of patterns on the substrate after

Crystal gl hes SubsthareshirySirLaladh FHRGRE he RRBOHHHUSE GPYIR surf ace
e oo 0F atltss subsirates Taminatad topethor Dy Spoxy resinas described o
above is polished to reduce the thickness, smoothen the surface, and
remove scratches originally existing in the surface.
10 In addition, a liquid crystal glass substrate, which has
become defective in manufacturing process of a liquid crystal
display, can be reused for the liquid crystal display by peeling a
patterned coating off and polishing the surface to remove the marks
of patterns.
15 Conventional methods for polishing liquid crystal glass
substrates include mechanical polishing and chemical polishing.
Recently, there are demands for improvement in qualities of liquid
crystal glass substrates as mentioned below:
(1) To remove scratches originally existing in the surface of a liquid
20 crystal glass substrate;
(2) To remove remaining marks of patterns on the substrate after
peeling a patterned coating off;
(3) To reduce the thickness of a liquid crystal glass substrate and

also to improve the smoothness of the surface thereof;

25 (4) To remove scratches originally existing in the outer surface of a




0 4 SEP 2003 3 pair of liquid crystal glass substrates after the | am nation
thereof; and (5) To reduce the thickness of the outer surface of i blanff
liquid crystal glass substrates after the |am nation thereof, and éﬁ?gzmﬁ
5 inmprove the snoot hness of the surface thereof. Contrary to the
above-nenti oned demands for quality inprovenent, the conventional
mechani cal polishing has sone unavoi dabPe probl ens such as the shortage of
snmoot hness, the occurrence of cracks and scratches in a surface, the

remai ni ng of HLOr BAliieadrPetdles1ass stbdtrtks EfterofhPRlh$Rhfienrdideof! n
particular, “the recent large-sized substrates show a marked tendency. On

t he ot her ha%il, it is difficult for the conventional chem cal polishing to
renove the scrgtches originally existing in the surface of a liquid

Cyetal 9 ase (BLPRYLALE, 0 PREKRC A oPAUL BLES: sdrfabd oF /BIL bR Skness

?flisubjstrates | ced. ':‘st'prlot tems arrse as dest _ the

ol | owi ng exa e nd it,i i fficu ensure . qualigies i val en 0
or hi gher th&%?%iéaﬁ S%?%@geﬁla .tlfoﬁmé%&ﬁ%?%,t %"ﬂﬁ A0 %%éa fese Pat ent
Publ i catign .No. 2722798 di scl oses nmet hotggi r{ which the outer surface of a
pair 20 ?f MORIeyed rgpo‘épréggs the suriaceithereehied. A device assenbly,

fabricated by lamnating a pajr Qf liquid.cr al gl ass subsirates

t oget her, which ha r&réaxtp&he@&wﬁamqqthﬂn%fé?% S rs‘ﬂﬂ‘%b{—‘élevi ces,

t hrough seal ant encl osing each liquid crystal sealing.reqion of each

devi ce partiﬂmmr,ovpmemﬁwghgé@mmn&wraldﬂaﬁhae PokshgngNay, ePBe vori c aci d

as the primary conponent. This method can
unavoidable problems such as the shortage of smoothness, the

occurrence of cracks and scratches in a surface, the remaining of

10 polished patterns, and a limit of polishing power. In particular,
the recent large-sized substrates show a marked tendency.

On the other hand, it is difficult for the conventional
chemical polishing to remove the scratches originally existing in the
surface of a liquid crystal glass substrate and marks of patterns.

15 Even when the thickness of substrates is reduced, various problems
arise as described in the following examples and it is difficult to
ensure qualities equivalent to or higher than those of mother glass.

For example, Examined Japanese Patent Publication
No0.2722798 discloses a method in which the outer surface 6f a pair

20 of liquid crystal glass substrates is etched. A device assembly,
fabricated by laminating a pair of liquid crystal glass substrates
together, which have areas for several liquid crystal display devices,
through sealant enclosing each liquid crystal sealing region of each
device partition, is immersed in an etchant containing

25 hydrofluoric acid as the primary component. This method can



0 4 SEP 7003 4 realize the reduction of the thickness of the liquid crystal
gl ass substrate, but has a problemof form ng defects as descri befpi§ SEP 33
For anot her exanpl e, Unexam ned Japanese Patent Publication 2000-147474

di scl oses an invention of automatic etching 5 equipnent equipped with a
bubbl e generator provided at the bottom of an etchant tank for
accunmul ati ng an et chant containi ng hydroftl uoric acid, wherein the surface
of a glass plate put in the etchant tank is etched through stirring the

et chant wit hr%ﬁl%@k’ﬂ@lr?ﬂucﬁ%ﬂﬁé?ﬁfﬁdtﬁi%ﬁﬁ‘egg%f I?Hgt]%cﬁ%i Oé(}?s%‘éx? Jaddovever,

there arises probllemwth thi's equipnment o urrefice of defects
e pol i shed 1AL ARE bht Bait FroBtrhdtTabnifle dFHS Ak bluTaRs S 1o °
QUi d vi th an aSoERBAGTPRBEIGRTP RS UEFoaened debMseveriefher o 1 a

Pl ow caused Brbiiceion BB0I L7 it d5eflpess A6 InVeuH G RSk aRkEaoRK FURIAE the -
surface of the _polishing Iiauid prevents the uniformty of the ascending

flow. Thé f oPABiRMENA a8 BPBRASHE hwhibatbbde igemenntar providedpictie baftomo

gl ass substrate is polished by 50 to 300 [err]m by the two conventi onal
cheni cal pol o§hnregcheniiddskdforadovanulatingemewhantwordaanpies: (1)
Cl oudi ness, which can be observed even under a fluorescent |anp, appears.
(2) Pits withydiraflabeicsadidi whiereietheranfacRofrmglass pdatepgut FhGhe 25 14 is
a graph showing the result of exam ning the surface after
etchant tank is etched through stirring the etchant with the bubbles
generated from the bubble generator. However, there arises a
10 problem with this equipment of the occurrence of defects deseribed
below when the outer surface of a liquid crystal glass substrate is
polished in a 15 to 17% hydrofluoric acid.
This invention attempts to achieve uniform polishing of a
glass surface by stirring a polishing liquid with an ascending flow of
15 nitrogen gas. However, there is a problem that the surface can not
be polished uniformly since the descending flow caused when the
bubbles and polishing liquid ascended arrive at the surface of the
polishing liquid prevents the uniformity of the ascending flow.
The following are problems which arise when a liquid crystal
20 glass substrate is polished by 50 to 300 um by the two conventional
chemical polishing methods described in the above two examples:
(1) Cloudiness, which can be observed even under a fluorescent
lamp, appears.

(2) Pits with diameters not greater than 0.2 mm are formed. FIG.

25 14 is a graph showing the result of examining the surface after



04 SEP 2003 5 polishing, with a surface roughness neter. (3) The dianeter
of pits becones greater with the increase of the thickness poli Sh?Q'SE'I—’LZﬁU}
15 is a graph showing the relationship between the dianeter of pits an
the thickness polished. 5 (4) Pits appear in a density of 50 pits/cnR at
nost. FIG 16 is a graph showing the rel ationship between the nunber of
pits per unit area and the thickness pobished. FIG 16 reveals that the
nunber of pits per unit area increases with the increase of the thickness

polished. 10 (5),VWavi ness, Wi i ' % er a fluorescent |anp,
appears. FI égﬁflimi’%’ ‘ﬁlg} apﬁ%‘ff“fw%’é‘f‘%%ﬁ‘ﬁ% ! &egegiavi ness conditions of a
surface afte I shing. (6). The difference, betwgen a.maxi numand a
i mum of .t n3" T clABLaek 2 RAES BCTBET GRCRITH Wi RS HREVARE Y5te )
Pol i shing makes surface, scratc , .Lntentional |y forned before .the
pol i shi ng, gﬁbmkéwsmpﬁrﬁi‘} -degf(a- ARSI BY3P §L38Wiiné§. el%ﬁa nshgpy Fi G 18
is a graph illustrating the cross section of a surface _before polishing,
the surface batwegndheadiomestarqfnids amdeihe thigkness polgheth s a graph
illustrating the cross section of the surface after 20 E{)l I shi ng.
Furt hernofe, f4rPasambesr iherddnisity of 60 ystsitmglatsmostubsGatld patt er ed
with C and provided with patterns of pixels for color filters has becone
def ective, teaphbsowing the relpeimsiipybdieveearetise duasbenofipitsgpers sy
peeling the patterned Cr off and 25 polishing the surface nechanically to
renove the marks «6fd Paé tRidkness polished. FIG. 16 reveals that the number
of pits per unit area increases with the increase of the thickness
polished.
10  (5) Waviness, which is visible under a fluorescent lamp, appears.
FIG. 17 is a graph illustrating the waviness conditions of a surface
after polishing.
(6) The difference between a maximum and a minimum of the
thickness ranges 20 to 100 pm and is uneven.
15  (7) Polishing makes surface scratches, intentionally formed before
the polishing, greater in their depth and width (see FIGS. 18 and
19.) FIG. 18 is a graph illustrating the cross section of a surface
before polishing, the surface having scratches formed intentionally.
FIG. 19 is a graph illustrating the cross section of the surface after
20 polishing.
Furthermore, for example, when liquid crystal glass
substrate sputtered with Cr and provided with patterns of pixels for
color filters has become defective, the substrate will generally be

reused as mother glass by peeling the patterned Cr off and

25  polishing the surface mechanically to remove the marks of patterns.



0O 4 SEP 2003 6 However, there is a problemthat when the conventiopa

chem cal polishing is carried out in place of the mechani cal polisaﬁﬁﬁfzmﬂ
the marks of patterns are not be renoved and the substrate can not be
reused as nother glass. 5 SUMVARY OF THE | NVENTI ON The present invention
has been nade with the aimof solving the above problens. It is an object
of the present invention to provide a nebhod 10 for chemically polishing a
liquid crystal glass substrate mherein by inmrersing a liquid crystal glass

substrat e | ngg GAGH Gl pOL n;g}[ iferd E rontRY BbHGe&tx%ﬁT@gbhﬂ%P of |

hydr of | uoric ances I NOT gani
aci ds, anionic rfactants on surf ctant shlng the
outer surf acBOBF e 13 F@]{HIB é%ﬁ (tft 1ep9}3 r}él b .5 to
10 pnf m nut e, id crystal glass substrat ur th a hi
snoot hness cﬁ?ﬁlﬂ@ olpatiexas afet e 5?%%’9@@@ é‘é@%ﬁ%ﬁ%\%%?%d’&t Such as
silicofluorides to reattach o the surface of the liquid crystal glass
substrate. 20eused gsanothey bﬁﬁect of the present invention to provide a
met hod and apparatus for chemcally polishing a liquid crystal glass
substrateéy wherein a fresh polishing liquid is continuously supplied to
the surface of a liquid crystal glass substrate, reaction products are
prevented fromtheir physi SaAJVAMARY r@BtTHi ENMENSIOMce of 25 the || quid
crystal glass substrate, the surface of the liquid crystal
The present invention has been made with the aim of solving
the above problems.
It is an object of the present invention to provide a method
10 for chemically polishing a liquid crystal glass substrate wherein by
immersing a liquid crystal glass substrate in a chemical polishing
liquid containing a mixed liquid of hydrofluoric acid and fluorinated
substances, inorganic acids, organic acids, anionic surfactants and
ampholytic surfactants, and polishing the outer surface of the liquid
15 crystal glass substrate at a rate of 0.5 to 10 pm/minute, a liquid
crystal glass substrate surface with a high smoothness can be
obtained without allowing the reaction products such as
silicofluorides to reattach to the surface of the liquid crystal glass
substrate.
20 It is another object of the present invention to provide a
method and apparatus for chemically polishing a liquid crystal glass
substrate, wherein a fresh polishing liquid is continuously supplied
to the surface of a liquid crystal glass substrate, reaction products

are prevented from their physical attachment onto the surface of

25 the liquid crystal glass substrate, the surface of the liquid crystal



0 4 SEP 2003 7 gl ass substrate is uniformy snoothened while the thickness
of the 1liquid crystal glass substrate is reduced, surface scratchehs ﬁpﬁ
renoved, and the glass can be reused, through generating bubbl es frlb tﬁ“@
bottom of a chem cal polishing Iiquid accunul ation tank, 5 thereby
generating a uniformascending liquid flow, followed by allow ng the
ascending flow to overflow the chem cal Bol I shing Iliquid accurmul ation tank
fromthe periphery thereof, followed by causing the overflow to pass

through a fi glfﬁs’ 54 O'i'ﬁpé/ié SRR H%thiﬁootf}f@ﬁ{d hild Pﬁé’ﬁhﬁd(ﬁégsl by

supplying thé overtlow to the 1 hem cal polishing I'iquid accunulation
chem oa ol [aidsTpial ARG SBhsARETs SHpR SABRER sk Y] Ak [P PPV 28
el 1 o b SEIEUL (SRR IR TR S
(I TR ST SR T WA
OB, By g S oSSR SR8 SRS 2o
chem cal polishing apparatus, which can stir a chemcal polishing liquid
nor e uni f or rh}lopingudte asdemylingfippde averflomnthe tchagdﬁagpcﬂiﬁhmglucer or an
oscillatory stirring fan. The above and further objects and features of the
i nvention wliguidmceuinmlagidre taph {rem: the periphery dhevenh Jollewsid by
description 25 with acconpanyi ng draw ngs.
causing the overflow to pass through a filter, thereby removing the
reaction products, followed by supplying the overflow to the
10 chemical polishing liquid accumulation tank again.
It is still another object of the present invention to provide
chemical polishing apparatus which can simultaneously polish
uniformly a plurality of liquid crystal glass substrates or
combinations of a pair of liquid crystal glass substrates laminated
15 together through being equipped with a liquid crystal glass
substrate carrier for installing therein at least one liquid crystal
glass substrate or at least one combination of a pair of liquid crystal
glass substrates laminated together.
It 1s a further object of the present invention to provide
20 chemical polishing apparatus which can stir a chemical polishing
liquid more uniformly through being equipped with an ultrasonic
transducer or an oscillatory stirring fan.
The above and further objects and features of the invention

will more fully be apparent from the following detailed description

25 with accompanying drawings.



04 SEP 2003 8 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a section view of
chem cal polishing apparatus according to an enbodi nent of the presgaP 2003
invention; 5 FIG 2 is a perspective view of a bubble generating section
according to an enbodi ment of the present invention; FIG 3 is a
perspective view of another bubble generating section according to an
embodi nent of the present invention; FI& 4 is a plan view of a chenical
polishing liquid 10 accumul ation tank and a liquid crystal glass substrate
carrier holder according to an enbodi nent of the present invention; FIG
5 is a perspective view of a chemi cal polishing |iquid discharging section

Show ng The relati ons BBk RAnCHIE TON, QF hE% IPBAVNGEE oddi tian ratio
O our e Dl TS 0 88 15 e A P PR L G f 2, 9.7
20 FIG 8 is a plan view showi ng the positions at which the thickness of
the gl ass su%?&%ﬁé‘g(t@)alil§ gdiipept OEF% Pyeseni IRy iNew showi ng t he
r esu! t of ch_eck! ng tIhe psr eser}ce é)f_ surface scr %t ches bef OiLe Sand, aft er
chemi cal 9ol i shi ngFIGriZas apearspectyvepre s hybbke gpaeratingrsesfi®f ni ng t he
25 surface conditions of the glass substrate (2) with a surface 04 SEP 2003
according to an embodiment of the present invention;
FIG. 3 is a perspective view of another bubble generating
section according to an embodiment of the present invention;
FIG. 4 is a plan view of a chemical polishing liquid
10 accumulation tank and a liquid crystal glass substrate carrier
holder according to an embodiment of the present invention;
FIG. 5 is a perspective view of a chemical polishing liquid
discharging section according to an embodiment of the present
invention;
15 FIG. 6 is a graph showing the relationship between the
polishing rate and the addition ratio of the ten ingredients of the
chemical polishing liquid;
FIG. 7 is a graph showing the relationship between the
polishing rate and the temperature;
20 FIG. 8 is a plan view showing the positions at which the
thickness of the glass substrate (2) is measured;
FIG. 9 is a plan view showing the result of checking the
presence of surface scratches before and after chemical polishing;

FIG. 10 is a graph showing the result of examining the

25  surface conditions of the glass substrate (2) with a surface



9 roughness neter; FIG 11 is a plan view show ng the result of checking
the presence of scratches before and after chemcal polishing; FIG 12 is
a plan view showi ng the positions at which the 5 thickness of the DYSEP 2003
front surface of a conbination of two glass substrates (2) |am nated
together is neasured; FIG 13 is a plan view show ng the positions at which
the thickness of the outer rear surface9of a conbination of two gl ass
substrates (2) lam nated together are neasured; 10 FIG 14 is a graph

show ng t he I ning the surface after polishing by the
conventi onal h%%#‘!‘é%%\&%?hod; FIG 15 is a graph show ng the rel ationship

bet ween the di anet of .pits_and the thi ckness poligshed; FlIG s a graph
showi ng the rel atiﬁﬁghifla il R/gael?lvtlff'l"g Shﬁvﬂﬁrﬁb‘? P% u ioig:hﬁgkl{ﬁ%?tgear ea and
the thickness polished; F 17 is a graph illustrating,the w nding
Condi t1 ons. oPTEIRICe icxabehas beloge b ARGT GheaIce) BOTBEAh | 1| ust r at i ng
the cross section of a surface provided with intentional scratches forned
before polishing: Bid- 36 1s1acplam viewshoveing the pesitiansgt svlaich e section

of the surface after the polishing. DESCRI PTI ON. OF THE PREFERRED

EMBODI MENITS thiskaenafof $he auter frenteaurfagesita epmbinatinoreft vy gdaseri bed on
25 the basis of the draw ngs which show t he enbodi nents thereof. 04 SEP
2003 10 substrates {(2) laminated together is measured;

FIG. 13 is a plan view showing the positions at which the
thickness of the outer rear surface of a combination of two glass
substrates (2) laminated together are measured;

10 FIG. 14 is a graph showing the result of examining the
surface after polishing by the conventional polishing method;

FIG. 15 is a graph showing the relationship between the
diameter of pits and the thickness polished;

FIG. 16 is a graph showing the relationship between the

15 number of pits per unit area and the thickness polished;

FIG. 17 is a graph illustrating the winding conditions of the
surface after polishing;

FIG. 18 is a graph illustrating the cross section of a surface
provided with intentional scratches formed before polishing; and

20 FIG. 19 is a graph illustrating the cross section of the surface

after the polishing.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, the present invention 1s concretely described on

25 the basis of the drawings which show the embodiments thereof.



FIG 1 is a section view of chem cal polishing apparatus according to an
enbodi nent of the present invention; in the draw ng, nuneral 1 denotes

chem cal polishing apparatus. The chemnical polishing apparatus 1 has(g SEP 2003
chemi cal polishing 5 liquid accunulation tank 11. In the bottom of the

chem cal polishing liquid accunulation tank 11 is provided a bubble
generating section 12 such that a gas isl@ntroduced therein and is

di scharged from a bubbl e discharging el ement 12a nade up of porous

material. Above th bie -at i ' ' - ']ggfq;q,aliquid
crystal gl ass subs rIg#tv‘lckai %’a% %lﬁgﬁsﬁ?@g’réﬁgﬁ%@n%gﬂgf)dlﬁ%%@%s A gl ass
substrate or _a ¢ I nation of a pai lquid., ¢ t | substrates
| am nat ed t 088?%'3{35%8&? ganq?/%(fl[u?%%f P@?hé ?ﬁgéqrftq{ﬂ%%ct?é}}’?%aag? ass substrate
carrier 18 ia instal |l ed in1 hiﬂu{ﬁd cryst llgﬁl\%ﬁs substrate carrier hol der
17 15 The cAEATIRS pEmeRL L deatesciedical ndlishineARPana S char ged wi t h
a chem cal polishi liquid containing a mxed Jjquid ., of hydraofluoric acid
and a fluorinated E‘%@s@%&%ﬁ&?ﬁ%ﬂ@ﬂﬁgﬁ%a&m& haﬁ@r ghemjcakpalighing
sel ected from amoni um f| uoride, potassium fluoride_and sodiumfluoride,
an i nor gdni cligeiid assuprukitiop daekorl.a bothe bottampidhesghamuealsel ected from
hydrochloric acid, sulfuric acid, phosphoric acid and nitric acid, an
organi ¢ aci dpobishrigilignidreccounalatpdmtanktyl &f pepadiedsa babbde ed from acetic
acid and succinic acid, an anionic surfactant containing a sulfonate-based
surfactant, gadepsmtingrdeceicryp? sawhhidatta gasus iatteahtced2tdiedein lados i phery
of the chem cal polishing liquid 0 4 SEP 2003 11
discharged from a bubble discharging element 12a made up of
porous material. Above the bubble generating section 12 is
10 provided a liguid crystal glass substrate carrier 18 for holding a
liquid crystal glass substrate or a combination of a pair of liquid
crystal glass substrates laminated together inserted vertically.
The liquid crystal glass substrate carrier 18 is installed in a liquid
crystal glass substrate carrier holder 17.
15 The chemical polishing liquid accumulation tank 11 is
charged with a chemical polishing liquid containing a mixed liquid
of hydrofluoric acid and a fluorinated substance comprising one or a
plurality of species selected from ammonium fluoride, potassium
fluoride and sodium fluoride, an inorganic acid comprising one or a
20 plurality of species selected from hydrochloric acid, sulfuric acid,
phosphoric acid and nitric acid, an organic acid comprising one or a
plurality of species selected from acetic acid and succinic acid, an
anionic surfactant containing a sulfonate-based surfactant, and an

amine-type ampholytic surfactant.

25 On the periphery of the chemical polishing liquid



accunul ation tank 11 is provided an overflow receiving tank 13 for

recei ving an overflow of the chem cal polishing liquid fromthe ctaq'niga 03
polishing liquid accurulation tank 11. To the overflow receiving tank 1
are connected with a filter 14 for renoving 5 reaction products forned

t hrough polishing, and a punp 15 for punping the chem cal polishing liquid
filtered through the filter 14 back to kthe chenical polishing |iquid
accurrul ation tank 11. The chem cal polishing apparatus is designed so that

the chem cal qcAANIRAR {1 igg)n@g@dg%d%afe%ﬂm%emﬁg 1Bl $4igg | 1 qui d

10 accunul atron ta agarn fr em ca shi ng qui di schar gi ng

munber o peaguf AR AT RE Pt pRis B g R R BB oa” o

the punp 15 is di.schar . tpward the bottom of cham.gal pold shi ng
li qui d accunﬁﬁ%’ﬁl{ﬁ% B ﬂ%eﬁmg glﬂmgﬁ&c'éﬁb"ﬂiaﬁf%ﬂn g%‘?#‘g%ngf? itﬁﬁio & @c‘%argi ng
section 16 is |located pelow the bUbf?:‘lrd: gﬁerfaﬁi ng sgection 12. The chem cal
pol i shi ng appafeaving tapk,lave canngrtadhwatn @ tiltey EPRPVIIE osci | | atory
stirring fan (not shown). In such case, .the chem cal polishing liquid
can be st rr seactaer PrARbEERIgrmed tﬁFQ}lg}L‘ nolishipgy 3p8ca PHERR; EWI®R ¢ he
bubbl e generating section 12. The section has a gas introducing tube 12b
for introducpugnpingytlse shemigel pohshingbiquiddilterad thynughthe filder ddpe- | i ke
bubbl e discharging el ements 12a, 12a, ... nade up of porous material, the
el enents bei bgckdoridet dibmeraglgulishingrliguidachengdstiont teodudilng T t ube
12b. 04 SEP 2003 12
chemical polishing apparatus is designed so that the chemical
polishing liquid is supplied to the chemical polishing liquid
10 accumulation tank 11 again from a chemical polishing liquid
discharging section 16 having a chemical polishing liquid
discharging element 16a with a number of pores through which the
chemical polishing liquid pumped from the pump 15 is discharged
toward the bottom of the chemical polishing liquid accumulation
15 tank 11. The chemical polishing liquid discharging section 16 is
located below the bubble generating section 12.
The chemical polishing apparatus 1 may have an ultrasonic
transducer or an oscillatory stirring fan (not shown). In such a
case, the chemical polishing liquid can be stirred more uniformly.
20 FIG. 2 is a perspective view of the bubble generating section
12. The section has a gas introducing tube 12b for introducing a
gas such as a nitrogen gas, and a plurality of pipe-like bubble
discharging elements 12a, 12a, ... made up of porous material, the

elements being connected perpendicularly to the gas introducing

25  tube 12b.



FIG 3 is a perspective view of a bubble discharging elenent 12a of

anot her type of bubble generating section 12. The bubbl e discharging

el enent 12a of this type of bubble generating section 12 is nmade up of
porous material and is in a plate-like form 5 According to FIGS. 0% Shid?0&}
the pore dianeter is preferable 10 to 5 pm of a glass surface or in the
attachnment of a sludge of the reaction Such a bubbl e generating section
12 is located belowthe liquid crystal glass substrate carrier holder 17

and fine bubbles #&.d3 sshgaegectivarviéy. of hbubbbddescheagire tdhememgm cal
10 polishing liquid to ascend uniformy. This ascending liquid flow

supplies a frneghCAgstkél ty bEBLDBId FembrhtiRBseBHBHSIY, t Thefpubbler f ace of
a liquid crystal glass substrate and al so prevents the reaction products

such as sili mééktgg;ggzeléﬁmnﬂﬁz@mﬁm é@fbﬁﬁblesgéx}@%iﬁ stetiﬁthEE‘! d

crystal glass su 15 After arriving at the s ace of the chem cal

0001110 |\ S I RBERA B O SRR LI over o e
ol oned By 2eL 10 TESEHL LI RO LU S5 BAERS Ebu ity || o
(e chem cal ol 8Byt LAV S, cciuml al on Aark by, saal . W (hp
i ow wi |1 cadbe TEREHBBNTR.| | SUFa % PUDGIS GoBu At EreRePn el WAL The
| ntersection bvt\alilé\!v t ekﬁqilgd lrjzi']j;'isbl‘,la(la gigssosébsstggtg (c):grg"riég holder 17 and fine
bubbles are discharged upwardly. The bubbles cause the chemical
10 polishing liquid to ascend uniformly. This ascending liquid flow
supplies a fresh chemical polishing liquid continuously to the
surface of a liquid crystal glass substrate and also prevents the
reaction products such as silicofluorides from re-attaching to the
surface of the liquid crystal glass substrate.
15 After arriving at the surface of the chemical polishing liquid,
the ascending flow containing fine bubbles overflows the chemical
polishing liquid accumulation tank 11 from the periphery thereof,
followed by being received in an overflow receiving tank 13. The
overflow is thereafter allowed to pass through a filter 14, and then
20 supplied to the chemical polishing liquid accumulation tank 11
again.
When the chemical polishing liquid is not allowed to overflow,
a small cross sectional area of a portion where the ascending flow

turns to a descending flow will cause the both liquid flows to

25 intersect each other. The intersection will make it unable to



ensure a uniformascending liquid flow FIG 4 is a plan view illustrating
a chem cal polishing liquid accumulation tank 11 and a |iquid crygsi8EP 2003
gl ass substrate carrier holder 17. As shown in FIG 4, it has been
determned that a 5 uniformascending liquid flow can be ensured when a
passing cross sectional area of the descending liquid flow, which
corresponds to the outside area of the 18quid crystal glass substrate
carrier holder 17, is fromone to three tines a passing cross sectional

area of the a3688d| 09ifdriadcdhMie Yi’gh‘f&l‘ffb%.r esponds to the inside area of
' I gl t '

the 10 liquid crysta ass substrate carrier holder 17. The reaction
Substrate and si i1 GOt bl Ad0an eFh iy et p kA Bl poTisBing IR

bbbl o Howdsernr TaTih Pk G alid il iR sBBebitl Bt 1 (e
chem cal 2ot yaRAg8al AL s AGRIRE A i BBkt Sl R o

di scharge_of f.ine bubbl gp,@tlhe reaction Br oductsdzgﬁul d be prevented from

their ac®umyH{eBn assen Kyid O idpae Cpelre B PaRuRECEoSs
polishing liquid di scharq%itng section 16, This section has a plurality of

chenical  poiseetipngl argaicd thestessendine dicandflew] sdhightaersesnonds tof hol es,
the el ements being provided in parallel to each other. The chem cal
pol i shing |i dhedutssdhareh of thediquid agstsl glasstsulsteata carder bobdery t he
chem cal polishing liquid and to prevent the reaction 0 4 SEP 2003 14
17, is from one to three times a passing cross sectional area of the
ascending liquid flow, which corresponds to the inside area of the

10  liquid crystal glass substrate carrier holder 17.

The reaction products resulted from the ingredients of the
liquid crystal glass substrate and silicofluorides and the like
contained in the chemical polishing liquid ascend by the action of
the ascending flow of fine bubbles. However, since the circulation

15 of the reaction products in the chemical polishing liquid
accumulation tank 11 followed by accumulation thereof on the
bottom of the tank will result in adverse effects on the discharge of
fine bubbles, the reaction preducts should be prevented from their
accumulation.

20 FIG. 5 is a perspective view of a chemical polishing liquid
discharging section 16. This section has a plurality of chemical
polishing liquid discharging elements 16a with a number of holes,
the elements being provided in parallel to each other. The

chemical polishing liquid discharging section 16 is constructed to

25  supply the chemical polishing liquid and to prevent the reaction



products from accunul ation thereof by discharging the chem cal polishing
liquid, which is punped froma punp 15, through the chem cal poliqh'

| i qui d di schargi ng el enents 16a downward or obliquely downward. g Ngﬁﬁg%%
for controlling the rate of polishing liquid crystal glass substrates

i ncl ude the changing of the conposition ﬁL a polishing liquid and the
changing of the tenperature of the polishing liquid. FIG 6 is a graph
showi ng the rel ationship between the 10 polishing rate and the addition

ratio of the yefuAgfedh Bekandllati el o3l disehaepiathi Ghbthicahe

chem cal polishing liquid is an aqueous solution containing hydrofluoric

acid, ammoni YRk iiAfid, AHRASSYADLArf: aIHHRRCTS Oftioua phe SUl Furi c

aci d, phosphoric ac _ nitric ac cetic acid, sul f onate- based o

su factant anflefckPpRl s (B AL ANhe Fbfic e RIERLS PRI 3R 0ol (1 on

O B oo e P, O L, L Pt The pol 1 Shing rate

Eg/t ?ﬁ% éoriéhfﬁgyéﬁ@”&@%%&gé 35}% %{,@ _Ea@ﬁﬂfoﬁ“ygﬁéfma Ai{cﬁug‘g%f%'ﬁéa%iﬁéii'se"
o and is gigma appr oxi, eéfd%&i m nu unt i e.addistion ratio

reaches 90% pubsirpses sac angag ¢lhg FOW%F%W;%I% shing rates,

25 while addition ratios of 70%or nore result in the cloudiness of a 0 4
SEP 2003 15 polishing liquid and the changing of the temperature of the

polishing liquid.
FIG. 6 is a graph showing the relationship between the

10  polishing rate and the addition ratio of the ten ingredients of the
chemical polishing liquid. The chemical polishing liquid is an
aqueous solution containing hydrofluoric acid, ammonium fluoride,
potassium fluoride, hydrochloric acid, sulfuric acid, phosphoric acid,
nitric acid, acetic acid, a sulfonate-based surfactant and an

15 amine-type surfactant.

FIG. 6 reveals that an addition ratio of the ten ingredients of
the chemical polishing liquid as much as 10% provides a polishing
rate of 1.1 pm/minute. The polishing rate increases as the addition
ratio increases, and an addition ratio of 40% provides 2 maximum

20 polishing rate of 3.7 ym/minute. It is also revealed that the
polishing rate decreases a little when the addition rate exceeds 40%
and is kept at approximately 3 pym/minute until the addition ratio
reaches 90%.

Addition ratios of 30% or less result in slow polishing rates,

925  while addition ratios of 70% or more result in the cloudiness of a



gl ass surface or in the attachnent of a sludge of the reaction products
onto the glass surface. Accordingly, setting of the addition rati?ﬁasﬂﬁ%w
to 60%is preferable as neans of controlling the polishing rate.

offers no problemthat the polishing rate varies from 3.0pmmnute to
3.51[err]m m nute. When the variation of the thickness polished is limted
successfully within the range as w de a%520pm a variation of the
polishing rate of O.5pnm mnute corresponds to a variation of the polishing

time of 40 nghuéLsutface &Qdﬂﬁ@ﬁtfﬁ&ﬁﬁe%tﬁ@a(éﬂlﬂ%{eecﬁ)ﬁ%orém%n which is

included in an acceptable range. FIG 7 is a graph showng t

rel ationshi pg%a‘%%‘oﬁf@thggléishbﬁgfarc@t eé@cg,g g}%lghgg ngtgf% gl N this

graph, the horizontal axisindicates th andard

tenperature %@%11{1 Ljaschéf ‘3'“3(? 68%? se Se?%#fes Ptfeaprg% of Fhlégﬁoéﬁﬁgrt o G 7

reveal s that € poli I'hcr ure
I ncr eases, bllll’tl E’f di fference of the polishing rate between tenperatures
of -5 and 5 £S5 936 %‘rﬂ m nute. Accordingly, if the variation of the

5P L e S S A Al A 5 15,
‘mmerse &t e‘é-ﬁugéi Pt 1523 Ehabremutgol (Sengie gariatier GkERa:  on tank 11
o kaoss ol TRl ?{@g?&ﬁ%c&sa Ded '},'uré%esrs"?uﬁyb&ft%‘ino&et Tonge aswide "t
as 20um, a variation of the polishing rate of 0.5pm/minute
corresponds to a variation of the polishing time of 40 minutes (0.5
10 (um/minute) X 40 (minutes)=20 (um)), which is included in an
acceptable range.
FIG. 7 is a graph showing the relationship between the
polishing rate and the temperature. In this graph, the horizontal
axis indicates the deviation from a standard temperature and the
15  vertical axis indicates the polishing rate.
FIG. 7 reveals that the polishing rate increases gradually as
the temperature increases, but the difference of the polishing rate
between temperatures of —5° and 5° is only 0.5um/minute.
Accordingly, if the variation of the thickness polished is
20 limited successfully within the range as wide as 20um, the
variations of the polishing time within a range as wide as up to 40
minutes are acceptable.
In practical operations, it is preferable to immerse a test
sample in a chemical polishing liquid accumulation tank 11 and

25  thereafter determine a polishing rate based on the change of the



The polishing rate is determned by a diffusion rate and a reaction rate.
At projecting portions of the surface of a liquid glass substrate, the
polishing rate is determ ned by the reaction rate 5 since an acti\qwl‘osﬂwmp
chem cal polishing liquid is supplied incessantly by an ascending flow 0
bubbl es. The polishing rate becones greglt enough. On the other hand, in
recessed portions of the surface of th iquid crystal substrate, the
polishing liquid is in stagnant conditions. The polishing rate is

theref ore detifdiRed ghthehest Qadigleusi on rate and becones sl ow
Accordi ngly, using ascending flows of bubbles can control the polishing

rate, and it is poﬁﬁ%‘rﬁ?mng’%‘q@ﬁg cfél@r, %g#m@@ Rffulsiciirdtghagsg substrat e

and to snoot hen the ace o Iquid glass substrate. The present

novever .t hebP BTRRTRGE ord HISTEHTAE Perlioh o e B B L RTRIES e o
usi ng-chent oaRoRtAen Fig PAUSAES natd PETeBrabited BY Pt 4eubtif s enti on”
177 () nasine a0 Borheisa RalishintrkupbLR G iedRtertiantth Wi cknoss
ol i Shi ng. T A8 Sxperang o bTIFE] ORDEROHPHINg TseIorsPres EFRRt gl ass was
exam e by varyign e Gomez, ety o, S £l BRSNS T
the liquid crystal substrate, the polishing liquid is in stagnant
conditions. The polishing rate is therefore determined by the
10 - diffusion rate and becomes slow. Accordingly, using ascending
flows of bubbles can control the polishing rate, and it is possible to
reduce the thickness of liquid glass substrate and to smoothen the
surface of the liquid glass substrate.
The present invention will be described concretely with
15 reference to examples below; however, these examples are intended

to illustrate the invention and are not to be construed to limit the

scope of the invention.

Example 1

20 By using chemical polishing apparatus 1 according to the
present invention was conducted chemical polishing of mother
glasses sized (1) 320X400X 1.1 (mm) and (2} 400X 500X 0.7 (mm),
respectively. The desired thickness to be polished was 0.3 mm and
0.2 mm, respectively.

25 The effect of the polishing rate on the surface conditions of



Table 1 5 10 PCLI SHI NG RATEO 1.03 5 10 13 15 500000 (pm minute)......

Pl TSNOTNOTNOTNOTNOTEXI STEXI ST EXI STEXI STEXI STEXI STEXI ST

WAVI NESSNOTNOTNOTNOTNOTEXI STEXI ST EXI STEXI STEXI STEXI STEXI ST DI SPERS T 2003
OFSMALL SVAL L SVALLSVALLSMVALLMVEDI UMGREAT BOARD THI CKNESS

ORI G NALNOTNOTNOTNOTNOTEXI STEXI ST SCRATCHESEXI STEXI STEXI STEXI STEXI ST I n
Table 1, the presence of pits, wavi ness d original scratches indicate
the results obtai ned by visual observation under 15 a fluorescent lanp in a
dark cl ean r ahmglhb&wHs esaminkdrby ivavysipothagomeeisitions ofichehiiehl t he

t hi ckness of gl ass substrate (2) was neasured. In Table 1 are given the

resul ts obt aipadidhikgTepsidis. NMhd eeshlts kiressuRndMtediasBableupstrate with an
ultrasonic thickness neter at each position shown 20 in FIG 8 and

cal cul ati ng,

10

15

20

25

as a variation, a difference between the

Table 1
POLISHINGRATE | g5 | 1.0 | 30 | 5.0 | 100 | 130 | 150
Pm/minute)
PITS exisT | pxisT | mxisT | ExisT | mxtsr | PXIST | BXIST
WAVINESS EI;T(CI)E:,PT EI;I((I);‘T EI;I((I)L;,PT El\ggfr El\}{Z(I)gT EXIST | EXIST
oA Tt oR N |SMALL | SMALL | SMALL | SMALL | SMALL | MEDIUM | GREAT
s(c):gﬁ*lggés EI;I(?gT EbggT EI;Ic(I)gT EI;I{(I)éPT EI;I(?éPT EXIST | EXIST

In Table 1, thé presence of pits, waviness and original
scratches indicate the results obtained by visual observation under
a fluorescent lamp in a dark clean room.

FIG. 8 is a plan view showing positions at which the
thickness of glass substrate (2) was measured. In Table 1 are
given the results obtained by measuring the thickness of the glass
substrate with an ultrasonic thickness meter at each position shown
in FIG. 8 and calculating, as a variation, a difference between the
maximum and the minimum of the measurements. In the table,
"small" indicates a variation not greater than 50pm, "medium"
indicates that of 100 to 200pum, and "great" indicates that not less
than 200pum.

From the results provided in Table 1, it is revealed that from




maxi mum and the m ni nrum of the measurenments. In the table, "small"

I ndi cates a variation not greater than 50pm "nediunt indicates that of
100 to 200pm and "great" indicates that not |less than 200pm 25 §¢&hPt706
results provided in Table 1, it is revealed that fromO0 4 SEP 2003 18 the
vi ewpoi nts of quality and productivity, ﬁﬁlishing rates of 0.5 to

10pmim nute are preferable and, in partigtul ar, the best are 1 to
5pm m nute. 5 About the glass substrate (2), the presence of scratches

checked w i hePRS pRpRRs SR APLETERIBIRIALT RS BORSEHe RN @B e0E* ¢

pl an vi ew showing the results of checking the presence of scratches before
and after the chem cal polishing. 10 FIG 9 shows that the scratches

observed befqre olishin di sgppeare hing. In
Table 2 are gpl‘é?ﬁﬂfgutreeﬁﬁ Pge%‘ §Hai ﬁ% gl P}Ifu &%@s@e‘& hi
substrates (1) and with an ultrasonic thickness neter at each position

shown in FI Gobgn %rhu%fhe poI i shi ng rate controlled at 2 15 to 3pnm m nute.

Table 2 20 (1 2
( m*r) ( Z‘Xb(ou)t t(h 1ass substrate (2), the presence of scratches

before and after the polishing according to the present invention
was checked with the polishing rate controlled at 2 to 3um/minute.
FIG. 9 is a plan view showing the results of checking the
presence of scratches before and after the chemical polishing.
10 FIG. 9 shows that the scratches observed before the
polishing have disappeared through the polishing.
In Table 2 are given the results of measuring the thickness
of glass substrates (1) and (2) with an ultrasonic thickness meter at
each position shown in FIG. 8 with the polishing rate controlled at 2

15 to 3um/minute.

Table 2

(mm)
el 1 2| 8| 4| s
20 (D[ 320X400X1.1t 0.3 0.83 | 0.80 | 0.81 | 0.82 | 0.80
(2} 400X500X0.7t 0.2 0.53 | 0.52 | 0.53 | 0.63 | 0.52

6 7 3 9 DISPERSION

(1)| 320x400%1.1t | 0.81 | 0.82 | 0.81 | 0.80 0.026

(2)| 400X500%0.7t | 0.53 | 0.63 | 0.52 | 0.54 0.016

25



DESI RED 12345 THI CKNESS 320X400X 1. 1t0. 30.830. 800. 810. 820. 80

400X500X0. 7t 0. 20. 530. 520. 530. 530. 52 6789DI SPERSI ON 320X400X 1. 04 SEP 2003
t0.810.820. 810. 800. 026 400X500X0. 7t 0. 530. 530. 520. 540. 016 25 04 SEP 2003 19
FIG 10 is a graph showing the result of checking the surface conditions of
gl ass substrate (2) with a surface roughness neter. From Table 2 and FIG
10, it is shown that the gl ass substratlés were pol i shed by desired anounts
uniformy at their 5 each position and their surfaces were snoothened by

the chenical pol iFl‘GUQ_OrE%@@?a}?HCsQfd%i&*% tie bosulproFehREkiny ehbisefadxanpl e
2 Since a substrate having pixels for color filters patterned 10 with Cr

had become defieditidits of B sWlitrRRECHI AMla ROIERN AudRResEaNdus! ed with

chem cal pol Ishing apparatus ccording to the prese I nvention in order

oo al'e o ke PAblEDMg FIE, (PAL Y, ChohPuldt bREBRades

approxi mately hum € visua Sérvatron o
an about 10,0 Lux 15 |ight;.souyge {n.a dark clean roomiconfi d the
di sappear anc@?g?tra{éﬁ% Wteggdbsfsn%%ﬁygeﬁ x_'ecgg%tf%tsgunﬁg?ml? it tHF

5 each position and their surfaces were smoothened by the chemical

polishing method according to the present invention.

Example 2
Since a substrate having pixels for color filters patterned

10  with Cr had become defective, the Cr was peeled and polishing was
conducted with chemical polishing apparatus 1 according to the
present invention in order to remove the marks of patterns. The
depth of the patterns was approximately lpym. The visual
observation of the marks of patterns under an about 10,000 lux

15 light source in a dark clean room confirmed the disappearance of

the marks of patterns.

Example 3
A combination of two glass substrates (2) laminated together
20 was polished with chemical polishing equipment 1 according to the
present invention. The desired thickness to be polished was 0.2
mm.
FIG. 11 is a plan view showing the result of checking the
presence of scratches before and after the chemical polishing.

25 FIG. 11 shows that the scratches observed before the




A conbi nation of two glass substrates (2) |am nated together 20 was
polished with chem cal polishing equipnment 1 according to the present

i nvention. The desired thickness to be polished was 0.2 mm FIG 104i$¢P3003
pl an view showi ng the result of checking the presence of scratches before
and after the chem cal polishing. 25 FIG 11 shows that the scratches
observed before the 0.4 SEP 2003 20 poI?@hi ng have di sappeared through the
polishing. FIG 12 is a plan view showi ng the positions at which the

thi ckness of gdl'ﬁh(?ﬂgq{a\féQfgapijé@créﬂﬁth%ukﬂech% igtion of two glass
substrates (2) |lam nated together was neasured. FIG 13 is a plan 5 view

showi ng the positi c_mgaf% Y@E%aghﬁeﬁhéﬁ&?§?§tﬂé ptog eiﬁﬂg{%{%g‘ﬁﬁﬁgh tRéjrface of

t he conbi nation of two gl ass "substrates I"ani na er were

measured. Then{adtds A HIPAIHY Adnk WE HICHRS QL Lig LN Las Elage  and

those of the rear sur are given 1n la
Thd CRNESS0. & P00 o6 SODH S0aB b AR T ehb Paty irs) FA b @ plan
TH CRNESS). SQ?QWSS%GO%PnlgO 'e5 %%git?c}r?s at which the thickness of the outer rear
surface of the combination of two glass substrates (2) laminated
together were measured.
The result of measuring the thickness of the front surface

and those of the rear surface are given in Table 3 and Table 4,

10  respectively.

Table 3
(mm)
POSITION 1 2 3 4 5]
5 BOARD THICKNESS| 0.510 | 0.508 | 0.500 | 0.503 | 0.504
POSITION 6 7 8 9 DISPERSION
BOARD THICKNESS| 0.508 { 0.506 | 0.510 | 0.508 0.010
Table 4
(mm)
20
POSITION 11 12 13 14 15

BOARD THICKNESS| 0.506 | 0.500 | 0.505 | 0.505 | 0.500

POSITION 16 17 18 19 DISPERSION

BOARD THICKNESS | 0.510 | 0.506 | 0.508 | 0.512 0.012

25



Table 4 (mm) PGOSI TION1112131415 BOARD THI CKNESSO0. 5060. 5000. 5050. 5050. 500
PCOSI TI ON16171819DI SPERSI ON BOARD THI CKNESS0. 5100. 5060. 5080. 5120. O‘ﬁ ﬁ?,z(a 4
SEP 2003 21 From Tables 3 and 4, it is shown that the surfaces we B
pol i shed uniformy by the chem cal polishing nmethod according to the
present invention. 5 As described above, it has been determ ned that, by
polishing chemcally with chem cal pol i Zhi ng apparatus 1 according to the
present invention, the surface of a liquid crystal glass substrate can be
snoot hened whil e the thickness thereof is reduced. Furthernore, the
apparatus can renove scratches originally 10 existing in the surface of a

1 quid crystal ol agsoRiiTabled 8 AW ATRRSshidmAASE el dabayfforhe ol ass.

In addition, by the chem cal polishing net according to the present

rogardl oss ofoiALCE SRRy 55 Helth et poli Gyt RRITHEL IR b0 . i oo

pol i shi ng apg&r atrug 1 iac‘(;orqi ng to the present inventionis not limted to
those descri bad PTREHLSEERTBH of " DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS" and  }ard Qu9id i bbb o8 1t 308s bt M+ S88190 tRE ST pTREnDS, ™ de:
chemically with chemical polishing apparatus 1 according to the
present invention, the surface of a liquid crystal glass substrate can
be smoothened while the thickness thereof is reduced.
Furthermore, the apparatus can remove scratches originally

10 existing in the surface of a liquid crystal glass substrate and makes
it possible to reuse the glass.

In addition, by the chemical polishing method according to
the present invention, polishing can be carried out with a high
productivity regardless of the size of the liquid erystal glass

15  substrate.

Chemical polishing apparatus 1 according to the present
invention is not limited to those described in the section of
"DESCRIPTION OF THE PREFERRED EMBODIMENTS" and
various modifications to the design thereof may be made.

20



20 0 4 SEP 2003 22 CLAIM5 1. A nethod for chemcally polishing a liquid
crystal glass substrate conprising the steps of 5 immersing the Ihg%k?
crystal glass substrate in a chem cal polishing Iiquid including: 'Q@@
liquid of hydrofluoric acid and a fluorinated substance containing at

| east one species selected froma group of ammoniumfluoride, potassium
fluoride and sodium fluoride; 10 an inor%%nic acid containing at | east one
speci es selected from a group of hydrochloric acid, sulfuric acid,
phosphoric acid and nitric acid; an pyggIN(& acid containing at |east one
species selected froma group of acetic acid and succinic acid; 15 an

ani oni ¢ surfactant containing a sulfonate-based surfactant; and an

am ne-type anphol ytic surfactant;and polishing an outer surface of the

l'i quid tal gl t t t . 0 ' 120.2. A
rrle? Elod 1(‘: g¥scﬁemgcg§?ys %ﬁ%%dﬁ%ﬁa@eﬁ’ﬂ%ﬁ%&ﬁfcﬁégg%ﬁl%g&i%&{i%%%gtgég itcor di ng
t laim1, wh i di | i qui d.fl [ ted b ti
bubbl es. f 1 onPEREVBGLIOMBIHE HERSEERS Ofol i shi ng i qui d accumul ation tank Q

L) Tor acgumil ating  erding the Tiqaud Bystal glss sbttratd Th 3 themical
polishing liquid including:

a mixed liquid of hydrofluoric acid and a fluorinated
substance containing at least one species selected from a group of
ammontium fluoride, potassium fluoride and sodium fluoride;

10 an inorganic acid containing at least one species selected from
a group of hydrochloric acid, sulfuric acid, phosphoric acid and
nitric acid;

an organic acid containing at least one species selected from a
group of acetic acid and succinic acid;

15 an anionic surfactant containing a sulfonate-based surfactant;
and

an amine-type ampholytic surfactant;and

polishing an outer surface of the liquid crystal glass substrate at
a rate of 0.5 to 10pm/minute.

20 |
2. A method for chemically polishing a liquid crystal glass

substrate according to claim 1, wherein an ascending liquid flow is
generated by generating bubbles from the bottom of a chemical
polishing liquid accumulation tank (11) for accumulating the

25 chemical polishing liquid therein.



0 4 SEP 2003 23 3. A nethod for chemcally polishing a liquid crystal

gl ass substrate according to claim2, wherein the ascending |iquid_.fl '
caused to overflow the chem cal polishing liquid tank (11) from pgﬁﬁeiﬂ®
thereof. 5 4. A nmethod for chemcally polishing a |liquid crystal glass
substrate according to claim3, wherein i%e chem cal polishing liquid
overflow fromthe periphery is supplied the chem cal polishing liquid
accurrul ation tank (11) again. 10 5. A nmethod for chemcally polishing a

liquid crystal gla8s ssubsthoat Brateenibally polishaigm4iquiiedrsisbal glasghem cal
polishing Iliquid overflow fromthe periphery is caused to pass a filter

(14) to renpyBstrat8accbfdiny fslelakind 2F WQﬂerYn the a@@éhéi’ﬂ%‘ﬁ qaid fldeneaf ter

is 15 supplied to the chem cal poli shing liquid accunul ation tank (11). 6.

A chenical pglj PAbR tife BRI gpahmhrg gufd%%ﬁk (R9) iEadthng | i quid

accunul ation ta ?11) or accunu I shing |iquid,

conprising'. nerat i ng sect lon (12) designed so that a gas is
i ntroduced t éﬂ)el}gq'g{e?gggl scharged from a bubbl e-di schargi ng el ement

(12a) ma up of porous material; an overflow receiving tank (13) which is
| ocated on the peri phery of the chem cal polishing |i qui d accunul ation

Lank (11) 125 and gt oh [SSSRR AiSafAHY S8toRBle 30 S9h8h LS

substrate according to claim 3, wherein the chemical polishing
liquid overflow from the periphery is supplied to the chemical
polishing liquid accumulation tank (11) again.
10

5. A method for chemically polishing a liquid crystal glass
substrate according to claim 4, wherein the chemical polishing
liquid overflow from the periphery is caused to pass a filter (14) to
remove a reaction product formed by the polishing and thereafter is

15 supplied to the chemical polishing liquid accumulation tank (11).

6. A chemical polishing apparatus equipped with a
chemical polishing liquid accumulation tank (11) for accumulating a
chemical polishing liquid, comprising:

20 a bubble generating section (12) designed so that a gas is
introduced therein and is discharged from a bubble-discharging
element (12a) made up of porous material;

an overflow receiving tank (13) which is located on the
periphery of the chemical polishing liquid accumulation tank (11)

25  and which receives the chemical polishing liquid that overflowed



24 the chem cal polishing Iiquid accunulation tank (11)? a filter (14) for
renmovi ng a reaction product fornmed by polishing; a punp (15) for unglaﬁ
the chem cal polishing liquid 5 filtered with the filter (14) t o0 éiEEP 1
chem cal polishing liquid accunulation tank (11) again; and a chem cal
polishing |iquid discharging section (16) |ocated below the bubble
generating section (12), the section ha ‘%g a nunber of pores through

whi ch the chem cal polishing liquid 10 punped fromthe punp (15) is

di scharged t guarcthehiiRalPolieMifg lififd £doemh GRltiHR!thalki (19)] | qui d accumul ation
tank (11). 7. A chenical polishing apparatus (1 )according to claimé,

comprising a | i aui d GrxsY k) 6ha%en SRR 538 cARR b AT Bbefifa pystal i ng 15
cryst a‘? ass SUEIE’1 ][%%S (0] %)I ng

therein at |east on I qui rco tion of a
pair of liqu gh% ys4al gl ass substrat es |lam nated together. 8. A chem cal
pol i shi ng apb’ara us®’(1) according to clai me6 or 7, corrprl sing an

ul trasonic transduger, of &%) pudhiiy thS cheni%al f01EAMg liquid
5 filtered with the filter (14) to the chemical polishing liquid
accumulation tank (11) again; and
a chemical polishing liquid discharging section (16) located
below the bubble generating section (12), the section having a
number of pores through which the chemical polishing liquid
10 pumped from the pump (15) is discharged toward the bottom of the

chemical polishing liquid accumulation tank (11).

7. A chemical polishing apparatus (1 )according to claim 6,
comprising a liquid crystal glass substrate carrier (18) for installing
15 therein at least one liquid crystal glass substrates or combination of

a pair of liquid crystal glass substrates laminated together.

8. A chemical polishing apparatus (1) according to claim 6
or 7, comprising an ultrasonic transducer or an oscillatory stirring

20 fan.



