LASER PROCESSI NG Background of the Invention 5 1. Field of the Invention
The present invention relates to | aser processing of glass 10 15 20 25 by
irradiating glass with a laser light and, nore particularly, to a glass
conposition suitable for | aser processing. 2. Description of the Rel ated
Art A silicate glass is transparent and can be easily nol ded or deforned at
a high tenperature, and have found various uses including wi ndow glass. It

is cut, abraded and d o] rcjall particul ar use. In
many uses, it is reqﬂ‘ﬁ@ﬁ Gfgg‘%f @?tﬁéﬁaﬁﬁ%&%ﬁ‘fﬁﬁ% processi ng and, as
t he processi ng nethod, _there are a_chem cal _etching netlmmmulmmummmmm
etching sol ution and aAHPy §itéap éﬁ@hﬁﬁ&EﬁyPRPSFS§Q§FpIe ion

In addition, as a physicochem cal nmeans, there is a reactive ion g ng

met hod mhich has been utilized for nanufacturing opti cal parts such as a

mcro-lens array and a diffraction grating. In this nethod,
pattern of an organi c neBaekaronsdfof nele ohnvémrt ipass accor B“ﬁl@“ﬂﬂ@m‘“
| i t hographi c technol ogy, and the glass at the unmasked area by
ion d&ctivat @leby pifashm dnvehéibinke to forma fine structure on *#¥2gl ass.
Thi s nethod, however, involves the problemthat a nunber of conplicated
steps are requeapdesdnt invention relates to laser processing of glass

; €3e\ YYTTUDVX4AWNY6YTYCQY f MOTHER GLASS FOR LASER PROCESSI NG AND GLASS Ef§§>

by irradiating glass with a laser 1ight and, more particularly,
to a glass composition suitable for laser processing.
2. Description of the Related Art

10 A silicate glass is transparent and can be easily molded
or deformed at a high temperature, and have found various uses
including window glass. It is cut, abraded and deformed to
commercialize for each particular use. In many uses, it is
required to subject the glass to fine processing and, as the

15 processing method, there are known a chemical etching method
usinganetching solutionandaphysical etchingby, for example,
ion irradiation. In addition, as a physicochemical means,
there is a reactive ion etching method which has been utilized
for manufacturing optical parts such as a micro-lens array and

20 a diffraction grating. In this method, a fine mask pattern
of an organic material is formed on the glass according to the
lithographic technology, and the glass at the unmasked areas
is removed by ion activated by plasma or the like to form a
fine structure on the glass. This method, however, involves

25 the problem that a number of complicated steps are required,



1

*and that a highly vacuum vessel is required as an etchi ng appar at us,

| eading to a high production cost. On the other hand, with the devel opnent
of | aser technol ogy, |aser processing has vigorously been studied. In the

| aser 5 processing, |asers having various wavel engths are being used. For
exanple, there are illustrated an infrared | aser such as C02 | aser; a |aser
with a wi de region of wavel ength ranging fromnear infrared to visible
light or UV ray region, emtted by conbining an Nd: YAG | aser and a
mavelength(fo verter'.aﬁg 10 an W/ aser .such as exciper |aser. The |aser
processi fgd st R WALERGY VACRHMCHESRELe 1PadERITHRE i35 A at b1 a
material to cause physical change such as heating, nelting, evaporation or
abr asi on 2RRa4R e pRAGIAH théhde PeiRf@InGii%e I t he processing of the
material. The | aser beam (laser |ight) can 15 be focused through a lens to
a size of nicronbhecthersimid crbfbildre ¢edrlormert ein afestarieel @38 | v
using a reflector. Such | aser processing has the advantages that it does
not requilasahenommarhnedss Vagd nomstivt beea condded.i t Innthéelasemwsphere,
and that it does not require the lithography step since a pattern can 20

di r ecdl y diakssimdyy 1scsamsi mgvine veaseusbeaweleéhgshbiank bgingdesed.
applications. Materials to be subjected to the | aser processing include
vari ous rEdrerdxamsuchtasrer gaai tlméerabds, amendlrarand leceantash #s i S
descri bed above, the | aser processing permts 25 m croneter-order

processi rgp,by apeepetl Yakeeusiing theibaseegheanm? wavabDényBhexpegiwg as a
means for conducting fine processing in a short tinme at a low cost. If an

uneven pagisi medaniRerbeedeto 0N i Suihateoofua @yasegipaltériteedy a
silicate glass, or
by combining an Nd:YAG laser and a wavelength converter; and
10 an UV laser such as excimer laser. The laser processing is
a technology in which these lasers are irradiated to a material
to cause physical change such as heating, melting, evaporation
or abrasion, with the physical change being utilized for the
processing of the material. The laser beam (laser light) can
15 be focused throughalenstoasizeofmicrometer tosubmicrometer
order, and can be scanned easily using a reflector. Such laser
processinghas the advantages that it doesnot require the vacuum
vessel and permits to conduct it in the atmosphere, and that
it does not require the lithography step since a pattern can
20 directlybedrawn by scanning the laser beam, thus finding wider
applications. Materials to be subjected to the laser
processing include variousmaterials suchas organicmaterials,
metals and ceramics.

As 1is described above, the laser processing permits

25 nmicrometer-order processingbyproperly focusing the laser beam



" fine pores can be formed by the | aser processing, the laser 5 processing
can find wide applications to parts for optical communication, substrates
for mounting elenents for optical communication, display glasses, etc.
However, application of the fine processing by the laser to a silicate
gl ass having w de uses has scarcely advanced. 10 This can be attributed to
the fact that glasses are typical fragile materials and cannot resi st
against the i npact upon processing, thus being IiabIe to formcracks and
annot ished to be snooth,

chi ps. gpdltion égg grocessin 7 r%s @ nQ % 5 (
so t hat Fﬁ 6?083??8 uf P a2 &9 D En “PE ﬁﬁ ard fﬂﬁspf? R32H1% Heen
difficult to epploy the |aser proce ing for use in fine p ssin Such
di sadvanCagRerare el AU FRdet ab airhueeéepee# Cegp Carl B LeRq003) |
p. 227 and Apglled Surface Science, vol.86 (1995), p.223. V%at has recently
been tri &F EBRpARALRGEI 9T17 cHhAsitd Pars iz ard ¥ 6r mififets b2eS( &F) in a
glass . As a neans to prevent formation of cracks or chips, it has been
known t o fFd@edBOresheapr deedorngonay| Bhaeha sy PHPCRFSinG! | Phe stasas . Al so,
it has been tried to forma thin filmof a metal such as al umi num around
t he pbr e predss sgmge exsged iyl tiadeBpml idafatansttegart Holwwerpticrl he 25
processi ng under heating, accuracy of the order of mcroneter 3 Jto
submi cr oremenurdaratdtorhe satotsdirade sdfert motithéimgl e$bmenkagtoanmnuhticrladdi ti on,
the processing requires conplicated procedures, thus its use being
conf i ned.cdomurhieadtilver, Rbrshldhey jasseassietg.of using a netal thin film
i nvol ves the probl em
However, application of the fine processing by the laser

to a silicate glass having wide uses has scarcely advanced.

10 This can be attributed to the fact that glasses are typical
fragile materials and cannot resist against the impact upon
processing, thus being liable to form cracks and chips. 1In
addition, the processingmarks cannot be finished to be smooth,
so that the processed surface is often rough, and thus it has

15 ©been difficult to employ the laser processing for use in fine
processing. Such disadvantages are described in detail in
Glastech. Ber., vol.66 (1993), p.227 andAppliedSurface Science,
vol.86 (1995), p.223.

What has recently been tried comparatively frequently is

20 toformfineapore(s) inaglass. Asameanstoprevent formation
of cracks or chips, it has been known to conduct the processing
while heating for mitigating stress. Also, it has been tried
to form a thin film of a metal such as aluminum around the pore

to be processed to thereby mitigate stress. However, in the

25 processing under heating, accuracy of the order of micrometer



" 5 that a vacuum process is required for forming the thin film which spoils
the essential superiority of the |laser processing that it permts to
conduct processing in a short tine.and in a sinple manner, and that it
spoils transparency and electrically insulating properties which are
characteristic of the glass. 10 Therefore, it has extrenely been difficult
to conduct | aser processing of a glass sinply wwth a good accuracy. The

i nventors have fornerly disclosed, as shown in Japanese Patent Lai d-Qpen
No. 2172%

7/1§8 . the g hnol of _pr.ovi di a glass whigch.has .a reduced
threahnord sarticspreSEE Carat o AV AR, R ERe T R "or acks,
by introducing.silvgr.%nto thgglassthrou hion-exchaQ%%ngggggégggpo d
val uesof #BFroudPal REPTE ThBPal - EBRt &P HPRES Tt 2% s S T4t this
t echni que. However, although silver ion can be introduced into nmany 20 of
the al kaPEORSCHreSontaI A hES greR R qoid 3189dser OnohbesxthsigiNdgikchni que,
there arises the phenonenon that the silver jon is reduced in the vicinity
of the glt&ssrseseasendmi ugdng a aaflal thinpkeledne lvesnte fFipiftinto the
inside of the glass. Therefore, effective |aser processing regions are 25
linmted tbathe vacunintyrofeshel ylraspiingd dog, fanninyg thesthin 4ilm,
difficult to conduct processing to the inside of the glass such as
processi mpich peoel s dthengsaehblad)sydeorimmig yaof irhorugbhek e(rs)dessirgy gl ass
plate. In addition, there is the problemthat the ion-exchanging rate is so
sl ow t hatthiatt i Pedinltscud tcdrodwuatt Quwddesdiony tim at ahbytremad dre imsi de of
t he
asimplemanner, andthat it spoilstransparencyandelectrically
insulating properties which are characteristic of the glass.
10 Therefore, it has extremely been difficult to conduct laser
processing of a glass simply with a good accuracy.
The inventors have formerly disclosed, as shown in Japanese
Patent Laid-Open No. 217237/1999, the technology of providing
a glass which has a reduced threshhold value of laser processing
15 and which difficultly forms cracks, by introducing silver into
theglass throughion-exchanging. Threshholdvaluesofvarious
alkali metal-containing glasses can be decreased by this
technique.
However, although silver ion can be introduced into many
20 of the alkali metal-containing glasses by the silver
ion-exchanging technique, there arises the phenomenon that the
silver ion is reduced in the vicinity of the glass surface and,
as a result, is prevented from diffusing into the inside of

the glass. Therefore, effective laser processing regions are

25 limited to the vicinity of the glass surface, and it is still



" glass. Summary of the Invention In order to solve the above-descri bed

probl ens, an object of the present invention is to provide a nother glass
adapted 10 for laser processing, in which silver ion easily diffuses and
whi ch enables to incorporate the silver conponent in a high concentration
by ion-exchangi ng. The nother glass of the invention adapted for | aser
processing contains a silicate glass as a nmain conponent and 15 al um num
and at | east one alkali nmetal in substantially the same (nolar) anount. The

not her gla pr ef er abl ontainssilicon dioxide ( n_amunt of

(o 65 noflia T Iute bP Gty BEBCEE=659 T G0 i Tobher GEI8s ST iter abl y
contains each of the, alum num 20 and the at | east one alkali nmetal in an
anount ofS1 tRFAELFIIRY nBlfe MBHTANNI0 o BOLROFL. THOTEYEWI & of the

al kali metal include sodiumand potassium Particularly, in the case where
sodi um i $hrewhhe ks )al kal B gbamBtRlatal ufihafCdfd o8ed bR 8r S pkeg er abl y
within the following 5 conposition ranges (unit: nmol%: 1.0 < Al1203 <
30.0 1 . proplgpdhat Fhe iqnwgxdhahelnomposs tioree sdiey othatd 208/ Na20 bei ng
in the range 5 of: 0.9 <_ A1203/Na20 <_ 1.1. The nother glass preferably
conpr b sestifA dud t6Bonell%wf the ion to stably reach the inside of the
glass.
Summary of the Invention
In order to solve the above-described problems, an object
of the present invention is to provide a mother glass adapted
10 for laser processing, in which silver ion easily diffuses and
which enables to incorporate the silver component in a high
concentration by ion-exchanging.
The mother glass of the invention adapted for laser
processing contains a silicate glass as a main component and
15 aluminum and at least one alkali metal in substantially the
same {(molar) amount.
Themotherglasspreferablycontainssilicondioxide ($10;)
in an amount of 30 to 65 mol%, more preferably 35 to 65 mol%.
The mother glass preferably containsg each of the aluminum
20 and the at least one alkali metal in an amount of 1 to 30 mol%,
more preferably 10 to 30 mol%.
The examples of the alkali metal include sodium and
potassium.

Particularly, in the case where sodium is used as thealkali

25 metal, aluminum and sodium are preferably within the following



" 5i02; 1 to 30 nmol % of A1203; 1 to 30 nol % of Na20; 5 to 20 nol % of B203; O

to 20 mol % of MO, and 0 to 20 nol % of ZnO 10 All or part of Na+ ion in
,the glass is replaced with Ag+ ion_by the ion-exchangi ng nethod using a
silver-containing nolten salt according to the ion-exchangi ng nethod. The
thus silver-incorporated glass is allowed to absorb | aser energy through

t he nono- phot on absorbi ng process or the nulti-photon 15 absorbing process
to thereby cause abrasion or evaporation. A specific portion of the glass
can be renoved .y utilizing this phengnenon. The gl ass of the invention
adapt ed fG™HC° P FEEIGHd bénogrﬁggessed using a | aser source emtting
| aser beans ranging from 200 to 800 nmin wavelength. 20 In the invention,
concentration of &8nfr¥aGss<adPuSted to be the same as that of Na+ ion in
the glass to thereby inprove the ion-exchanging rate and facilitate

i on-exchangi ng. |h.@ddi¥agh < sBAc@ precipitation of silver colloid is
difficult to take place during ion-exchanging, the silver ion can fully 25
di ffuse iwittd tihe iQewipdes idfi onhe adlims so L Théses/AebPonsingsimttise rande om t he
fact that the anobunt of non-crosslinked oxygen is decreased by the

i ntroluctafon of A1203 into the silicate glass and that the concentration is
mnimzed by mxing alumnumw th the alkali in the sane concentration
(see, for exanpl eg.dow nal,09/04,dNon- €rystal line Solids, vol.113 (1989),
p.37). By using such glass, there is obtained a glass with a | ow processing

threshhol d varie mtitcdy dges NeirdfyrapinackapHieR sl:aser tpr e6eas1 Hgde £ Whi ch
enabl es conti nuous processing of form ng pores, and which requires a |l ess

energy faridhell eseso piAResS 8,050 1BEbefo BRI bBt Qb ofs tthePrmwieg Fig. 1
is a schematic view showi ng the optical systemfor neasuring threshhold

val ue forg,4 asey,; PHOESSSbNEo1s of MgO; and 0 to 20 mol% of Zno.

10 All or part of Na' ion in the glass is replaced with
Ag® ionby the ion-exchanging method using a silver-containing
molten salt according to the ion-exchanging method. The thus
silver-incorporated glass is allowed to absorb laser energy
through the mono-photon absorbing process or the multi-photon

15 absorbing process to thereby cause abrasion or evaporation.
A specific portion of the glass can be removed by utilizing
this phenomenon. The glass of the invention adapted for laser
processing can be processed using a laser source emitting laser
beams ranging from 200 to 800 nm in wavelength.

20 In the invention, concentration of aluminum is adjusted
to be the same as that of Na* ion in the glass to thereby improve
the ion-exchanging rate and facilitate ion-exchanging. In
addition, since precipitation of silver colloid is difficult
to take place during ion-exchanging, the silver ion can fully

25 diffuse into the inside of the glass. These actions result



' The reference nunerals used in the drawing are set forth bel ow. 15 10Laser

beaml2Laser source20d ass sanpl e22Sanpl e hol der 24 Sanpl e stage 20 30
Irradi ati on shutter 40 Power neter Detail ed Description of the Invention An
object of the invention is to inprove |aser processability of a glass, and
its substance lies in that |aser 25 processing with a | ess energy can be
conducted fromthe glass 7 surface to the inside thereof. As an

i ndi cation for evaluating such | aser processability, processing t hreshhol d
val ues on. the rfac d.n.the inside of the Iass e e oyed. The
processi :]&} r@?nt%% 3331 q%ﬂaes éﬂfodéc?rhgc r@iﬂ‘i‘c&? t¥¥m 1 shown
in Fig. 1. As a |laser source 12, an Nd: YAG | aser of 266 nm and 355 nmin W
wavel enge ke sesbRY g dattisrductdqrend Aty e dhe athisrteidnaser were
adjusted to 20 Hz and 5 to 8 nm respecti vel Laser beam 10 was focused
with a | émsl thet téwomce;mtr@blcmummmmme%hg Ihi X gl ahdB lalnedttdd 10 to a
gl ass sanple 20 fixed by the sanple. holder 22 on the sanple stage 24 to

i rradi at &hd athdl atiirobh¢ isamenagncentratien (isechef Or exevpds , bjoumanls of t he
irradiation shutter 30. Energy of the | aser beam 10 was neasured by pl aci ng
a power met &lordT ryrs taid imay Spdtildsof volie 11&sdd 9B6am O3R) t h Bheusimadi ati on
15 shutter 30 closed. The sanple 20 was irradiated with changi ng the energy
to deter sush tdlesy, tthedle drebbtadhedhachlabsagion & obkwpbesessdiegcriti cal
energy nmeasured in terns of power being taken as the processing threshhold
val ue. threshholdvaluewhichdoesnot formcracksuponlaserprocessing,

which enables continuous processing of forming pores, and which
requires a less energy for the laser processing.
10 Brief Description of the Drawing
Fig. 1 is a schematic view showing the optical system for
measuring threshhold value for laser processing.

The reference numerals used in the drawing are set forth

below.
15 10 Laser beam
12 Laser source

20 Glass sample
22 Sample holder
24 Sample stage
20 30 Irradiation shutter
40 Power meter
Detailed Description of the Invention
An object of the invention 1is to improve laser
processability of a glass, and its substance lies in that laser

25 processing with a less energy can be conducted from the glass



" Additionally, since the |aser source 12 generates a high 20 energy beam it
is designed to be operable by renote control, and the power source/cooling
-water supplier 14 for the |laser source 12 is operated by the controller 16.
Though not shown, the | aser source 12 itself has a shutter which can be
operated by renote control. The | aser beam passed through the sanple 25 20
i s absorbed by a beam danper 18. 8 The term "not her gl ass adapted for

| aser processing” as used herein neans a gl ass before being ion-exchanged,

and the term"qgl.as pt.e r_laser _pr sj.ng’. . herein_nmeans a

Gl ass af POF BEFG ThA eReRm e eihe. A Ror o ecd R T E LA Ir g Yy

m xi ng predeterm ned starting.paterials, melting the mxture in_an electric
{ur nage. SSH0 GSRRBFPGC B8P T Al ¥h@ RIS TR kEEPEIDGHY VRdbar S e
transparent glass hl ocks were cut and abraded in a comon manner to prepare
pl at e- | | RerfBERePgl 48BsthgnpPésdeoPekper PhefAfs2havPRElaY8fAvot h surface. 10
Exanples 1 to 6 Conposition of the nother glasses for processing used as
sampl es are Shewkriogepsing Lhresihedion vedmsowast MRasusied? using gb&iun1mas
used as the alkali nmetal. Contents of the respective conponents fall wthin
the fool | opthgalangeseinnlt ehawnibnoFigel b: FH0VZ A3 sp@e B203an20 MO
ZnO Addition 37.5 to0 58.0 5.0 to 25.0 5.0 to 25.0 8.0 to 15.0 0 to 15.0 0
to 10. 0 MUk yYAGchasentsf o6 ATRORrah@SNadt wer@V adj vst e tlo wee tisedsane.

Mot her gl asses having the above-descri bed conposition 25 were prepared in

t he abovRegeattnbefrapmnery aadpuierewsdaped dhis liadexr Were adimsttkeidck pl at es
to be used as nother glass sanples . A 50 nol 0-50 nol$ m xture of silver

nitrate aphcadi 4 5 t6 @ em)\ase dipaiteidrd10; 400.a€eirb@ars t1di wih €D coisedl - made
reacti on vessel to prepare the nolten salt for conducting ion-exchangi ng.
The witha lens (not shown) of 100mmin focal length, andwas directed
10 to a glass sample 20 fixed by the sample holder 22 on the sample
stage 24 to irradiate. Irradiation time was controlled to be
2 seconds by means of the irradiation shutter 30.
Energy of the laser beam 10 was measured by placing a power
meter 40 on the ray path of the laser beam 10 with the irradiation
15 shutter 30 closed. The sample 20 was irradiated with changing
the energy to determine the critical energy at which abrasion
took place, thecritical energymeasured in terms of power being
taken as the processing threshhold wvalue.
Additionally, since the laser source 12 generates a high
20 energy beam, it is designed to be operable by remote control,
and the power source/cooling water supplier 14 for the laser
source 12 is operated by the controller 16. Though not shown,
the laser source 12 itself has a shutter which can be operated

by remote control. The laser beam passed through the sample

25 20 is absorbed by a beam damper 18.



"> 5 'above-described mixed salts becane liquid at this tenperature, and the

i on-exchangi ng was conducted by di pping the nother glass sanples in the
.liquid nolted salt mxture. The tinme required for the ion exchanging varies
dependi ng upon the sanpl es because ion-exchanging rate varies dependi ng
upon the contents of the 10 materials constituting the sanples. Therefore,
the shortest time ( for the sanple containing 25 nol o of Na) was 2 days,
and the longest tinme ( for the sanple containing 5 nol o of Na) was 35

days O N SonShng stk ectichon Loel st sl Bepplid ace of

. . Q
t he gl ass di 50l ves ou ) i ne in e sa

the glass (thus_so-called ion_exchapge generat,ing).

Anal s, SOFERRLRFERRALSHH 4y BlaSEnbotire i ie doToer irressed sy Moans of
an X-ray nicrganalgzer reveal ed that Nawas conpletely replaced by silver
over the Hedm "hRER AP 303 FaTeDETRGESS 1) as%séh%%& BETS4RPIRAPT or | aser

processing were irradiated with | aser beamof 266 nmin wavel ength with
changi ng 8 GlagisaeitrreReigy. 1o eKkrbapdefoseTdE ROHRRF | SHISSEHVGRR her
gl asses not having been ion-exchanged were also irradiated. Surface
proceSsi iy erareshhyl Wiy hngasr edrise ubirdthed aatd nzsnetpoiat ed nel tirey upper
section in Table 2. Wth the 10 non-i on- exchanged not her gl asses, all
sanpl es dihg néktoaesen & adiegrt révefiumhane  raradligatacichadiliyhcao g nuine power  of
the used | aser of 400 mW Further, when the ion-exchanged gl ass sanpl es
wer e abr addd eronmtikéudept hThé A&u Linarand remypeoteact gdatbeb sanks Svexger i nent s
for determning the processing threshhold val ues, about the sane processing
t hr eshholditvahdeprasiddah Dtoimhenswirieae towes e bt @ipnad eas ikxbansichér t he
| ower section of Table 2.
glass samples for experiments having a smooth surface.
10 Examples 1 to 6
Composition of the mother glasses for processing used as
samples are shown in Table 1. The main component was SiO;,
and sodium was used as the alkali metal. Contents of the
respective components fall within the following ranges in terms
15 of mol%:
S10,: 37.5 to 58.0
Al,03: 5.0 to 25.0
Na,0: 5.0 to 25.0
B20s3: 8.0 to 15.0
20 MgO: 0 to 15.0
Zno: 0 to 10.0
Additionally, contents of Al,0; and Na,O were adjusted to
be the same.

Mother glasses having the above-described composition

25 were prepared in the above-described manner, and were shaped



- Additionally, in the above-described gl asssanples, yellow 10 to brown
coloration to be observed when precipitation of silver colloid occurred
.after the ion exchanging treatnent was not observed. Therefore, it is
considered that precipitation of colloid did not generate. It is seen that
this is the factor that a good | aser processability is realized to the
inside of 15 the glass. Then, the sanme experinents were conducted except
for changing the wavel ength of the laser to 355 nm The resultant

processi ng,threshhol V/Lue [ hown in th r_section of -Table 3. A
sanpl e cé%nggrﬁg g%fsod?fﬁge%3%¥gﬁhggegnﬁé §€P§%§o %ﬁ?\ﬁéﬁp%g%i hence it
had such_a_hi Qprocessing. threshhol d.val ue that it could not be abraded
oven at Pred METRA BowdrToF CHERd Y SCaVEr s Bt B0 SReFeBSU AL bel ng
i mpossible. Wth the non-jon-exchanged nother glasses, all sanples did not
cause abiasi bpabedrtaidd ¢ iadpattaalmiess sheeli-madepboret ben 282896l used
| aser of 1 .8 W Further, when the ion-exchanged glass 11 sanples were
abr aded 6 RFePIeDLRERO ] BEN $RlinEos GSNeRIGtd ol ohee Xapan&ir | T¥R s f or
determ ning the processingt hreshhold val ues, about the same processing
t hr eshhokbovgl-des cad beidamn 1 p¢d shd tsipdcaree Waguidmtarhed tenpshraiinden t he
| oner section of 5 Table 3. Conparative Exanple 1 As a conparative exanpl e,
t he mat erindl tishdown-erclabbéng wesscusdde t §hby diasp iy thae hetthsoda-dsse gl ass
used for common w ndow gl asses. This gl ass was abraded to the thickness of
10 0 . 3 semplasdinashes ubjedidcool tedona bk ahiatigineg. t Teat temé dfeayuixed
for the ion exchanging varies depending upon the samples because
ion-exchanging rate varies depending upon the contents of the

10 materials constituting the samples. Therefore, the shortest
time (for the sample containing 25 mol% of Na) was 2 days, and
the longest time (for the sample containing 5 mol% of Na) was
35 days. By this ion-exchanging treatment, Na® ion located
at the surface of the glass dissolves out, and Ag+ ion contained

15 in the salt diffuses into the glass (thus so~called ion exchange
generating). Analysisof the thicknessof layer, throughwhich
silver diffused, by means of an X-ray microanalyzer revealed
that Nawas completelyreplacedbysilver over the full thickness
of 0.3 mm.

20 These glass samples adapted for laser processing were
irradiatedwith laser beamof 266 nm in wavelength with changing
irradiation energy. For the purpose of comparison, the mother
glasses not having been ion-exchanged were also irradiated.

Surface processing threshhold wvalues thus obtained are

25 tabulated in the upper section in Table 2. With the

10



h ddys under the sane conditions as in Exanple 1. Cbservation of the

i on-exchanged gl ass reveal ed that the glass was colored brown. A strong
-absorption was observed at around 450 nm by the neasurenent of absorption
spectrum of this glass, which 15 showed that silver colloid was
precipitated. Cbservation of the glass at the vicinity of the glass surface
with an el ectron m croscope reveal ed that silver colloid having a dianeter
of about 30 nmwas precipitated. Wien the processing threshhold val ue was

determn in the ner, i.n_Exanpl th ass .20 showed a val ue of
53 nVVat?g%%qﬁ%%éﬁﬁﬁggﬁﬂﬁﬂngh%§5ggﬁfsfﬁﬂsg%%oaﬁﬁgh% c%l é?%.i%%ﬁ@ggood
processi ng .t hr.eshhol d val ue. Fbwegfr, m%%h a sangle havi n Eﬁen abraded to
150 um e HPPAEYCEUTT L & [t RS E L HhER BBPELM W,P‘P%%{uéﬂ% & Bk side
(non-abraded surface) caused abrasjon. This showed that i on 25 exchangi ng
di d not i@a?@r? ‘Pﬁéaolo W de FOH G 1gVReR thfni Qnr@ychandeqglass s HIRRF to t hat ,
since ion-exchanged silver becane colloidal at the surface |ayer, a kind of
barrier WeFer gbredest tonehe waRdde othllef WranthisedIeetes tai Frassare of the
ions to the inside of the glass. Generation of such colloid strongly 5
depends @x@epimedric Soordedissanige nef therpryesss inkstiresphend wnieshe maj or
factor thereof is considered to be deviation of the ratio of alum numto
sodi um whikshitc drite gl asnd her gresssinoe . tICmyldraltd viee BeaTE 2 thak gh Astshevas
prepared by m xing the raw materials according 10 to the conposition shown
i n Tabl e surfHue gleass ohdsiaeh] est gidowmw irheheoioeeehangthgnt o €alaked , and

the | aser processing threshhold value was determ ned to be as good as 20 nW
or less 2.

Additionally, inthe above-described glass samples, yellow
10 tobrowncoloration to be observed when precipitation of silver
colloid occurred after the ion exchanging treatment was not
observed. Therefore, it is considered that precipitation of
colloid did not generate. It is seen that this is the factor
that a good laser processability is realized to the inside of

15 the glass.

Then, the same experiments were conducted except for
changing the wavelength of the laser to 355 nm. The resultant
processing threshhold values are shown in the upper section
of Table 3. A sample containing 5 mol% of Al contained only

20 5% of silver, and hence it had such a high processing threshhold
value that it could not be abraded even at the maximum power
of used laser, thus effective measurement being impossible.
With the non-ion-exchanged mother glasses, all samples did not
cause abrasion even when irradiated with the limit power of

25 the used laser of 1.8 W. Further, when the ion-exchanged glass

11



“at’ 266 nm Water resistance of this glass was neasured according to the
dust-net hod water resistance test provi dedbyNi hon Garasu 15 Kogyokai (
.Japan G ass I ndustry Association) , and a weight |oss of 1~ by weight or
nore was found. This corresponds to grade 6 according to the standard for
wat er resistance, which is a level inpossible to be put into practice. The
deterioration in water resistance results frommxing Na in a |arge
guantity. 20 In the practical point of view, the [imt as to Na content is

conS|dered 4 be about 0 Ig. [ endé he aBov appl.es and
Conpar at IVEBERHES £ ad%‘ét 3 the el el o PR B T ERRA B g an
cont ai ni a S|I|cate | ass I n_conpon referabl cont ns. al um num
25 and s CISIARIR IR TGN AOF ARmSReo R FEOCRRe RS AT FRRhGA
pur pose of conductin unlforntexchan e mnth S|Iver ion to the inside
t her eof ; V@lres &h %@a@elproﬁeéslN&z@hEeS§h91d BasueR agdiidon,
contents of aluntnuntand sodi um are _desirably the sane. However, in actual
m xi ng ofo% Hdemateirsesveracll akied a5 shiettai f dihoflosisgusestiopnot
conposition ratio. Such fluctuation does not exert detrimental influences
on thé thHraxkhold val ue of |aser processing, and hence preferred 10
conposition ratio of alumnumto sodiumin the invention is in the range
of: 0.9 <_ A1203/Na20 5 1.0 Cadgiatriadrialel Exampdeallkali netal is not linmted
to the above-descri bed sodium but may be any el enment that can be
As a comparative example, the material shown in Table 4
was used. This was so-called soda-lime glass used for common
window glasses. This glass was abraded to the thickness of
10 0.3 mm, and was subjected to ion-exchanging treatment for 30
days under the same conditions as in Example 1. Observation
of the ion-exchanged glass revealed that the glass was colored
brown. A strong absorption was observed at around 450 nm by
the measurement of absorption spectrum of this glass, which
15 showed that silver colloid was precipitated. Observation of
the glass at the vicinity of the glass surface with an electron
microscope revealed that silver colloid having a diameter of
about 30 nm was precipitated. When the processing threshhold
value was determined in the same manner as in Example, the glass
20 showed a value of 53 mW at 266 nm and 800 mW at 355 nm, thus
showing a comparatively good processing threshhold value.
However, with a sample having been abraded to 150 um, the
abraded surface did not cause abrasion, though the back side

(non-abraded surface) caused abrasion. This showed that ion

25 exchanging did not reach the inside of the glass. This may

12



'~ 15 ion-exchanged with silver. Thus, potassiumor the like is al so usable.

O her additives are not limted to the elenents and the contents descri bed
.in the Exanples, either, and nay properly be selected in consideration of

the nelting point, optical properties and weatherability of the glass. 20

The nechani sm how the | aser processability is inproved by the presence of

silver lies in generation of silver colloid caused by irradiation with

|l aser. It is considered that generation of silver colloid in the glass

serves tp cause a strong absorption of laser heam w.thi.n the.glass, thus
the | asePeod e B obo baRRG ot viFy TETTRORRL 8 indar FE bt h 14

5 10 15 20 _praocessing,. Therefore,. although the effects are denonstrated

i th ToshOlLoRaotnE CopRE THEL S haHin X (PRI BT BUFE Har TS
conmponent) of Nd: YAG | aser, |aser beam of 200 to 800 nmin wavel ength can
cause gefér &hoRustasel veichoPrevaniaad Busvabngl b3t pR i oh tHRrdS t hus
processability being inproved simlarly. As practical high output I|aser
beans, tkerdherapspdepsietike Blessi-meFenaset ipn@fesetlychlead siiyonaly second
har noni ¢ conponent of Nd: YAG | aser (wavel ength= 532 nn) , a fifth harnonic
conpomendepsadsl apghhpregedcanpr ddseahvod ¢ & sern<{maves ehgtdd oxyeersane as
Nd: YAG, a harnonic conponent of YLF |aser (wavel ength= 523 nm 349 nm 262
nm or TiandAtRe3md dserfdatae tbegkl - 1 arcunsii $edmdbe, deni bt pbotah
absorption, around 400 nm . Table 1 (unit: nolo) Conponent Ex. 1Ex. 2Ex.
3Ex. 4ExtheExatio of aluminum to sodium which controls the presence.

6Si 0258. 058. 056. 056. 040. 037. 5A12035. 08. 011. 015. 025. 025. ONa205. 08. 011. 015. 02
5. 025. 0B20315. 015. 010. 08. 0180cfp2ratM0d5ERAnPEe 03. 00. 00. 0Zn02. 010. 06. 03. 0~0.
00. OTot al 100. 0100. 0100. 0100. 0100. 0100.0 15 Table 2 Ex . 1 Ex . 2 Ex . 3

Ex . 4 Ex . 3 Blassbyddpeehaeld yaikind tBerfaAcRabepiAteSEddrdiY |95 112
98 51 32 33 Threshhol d val ue
10 to the composition shown in Table 5. The glass was subjected
to the ion-exchanging treatment, and the laser processing
threshhold value was determined to be as good as 20 mW or less
at266nm. Waterresistanceofthisglasswasmeasuredaccording
tothedust-methodwater resistance test providedbyNihonGarasu
15 Kogyokai (Japan Glass Industry Association), and a weight loss
of 1% by weight or more was found. This corresponds to grade
6 according to the standard for water resistance, which is a
level impossible to be put into practice. The deterioration
in water resistance results frommixing Na in a large quantity.
20 In the practical point of view, the limit as to Na content is
considered to be about 30 mol%.
It is seen from the above Examples and Comparative Examples
that mother glasses adapted for laser processing and containing

asilicateglassasamaincomponentpreferablycontainsaluminum

25 and sodium in the following composition (unit: mol%) for the

13



* for insi

de processing (mMN 198 111 95 48 28 30 10Table 3Ex . 1Ex .

2 Ex .
Ex . 4 Ex . 5 Ex . 6Threshhol d val uefor surfaceprocessing (nWN *11620 1080

3

. 860 430 42015 Threshhol d val uefor insideprocessing (mMN *11610 1070 870 420
i npossi ble to be processed 20 16 Table 4 (unit: nmolo) 5 Conponent

420 *1:
Conpar at
10 15 20

A1203 35 .

i nventio
chi ps up
and whic
ener gy.

inside 1

processi ng td flokmPePes< 0¥0 deep grooves which require processing to the

i nside f

10

15

20

25

ive Exanple 1 SiGz 72 . 0 A1203 0 . 9 NazO 12 . 7 My0 6.0 Cal 8.4
25 Table 5 (unit: nolo) Conponent Conparative Exanple 1 SiQz 19.5
0 NazO 35. 0 B203 10 . 5 My0 0.0 ZnO 0.0 Total 100.0 The present

id . which _d { ffer formation of k
B BRBEca L Ty R b LB TOBT GRTLA e PECi A aad VSl FaBeE & Femmot

h ensurei a renoval of an amount in proportion to the irradiation
§FFRCE ‘'t he gl ass enables to introduce silver ion to the

EoetRgr T

7 thereof without formation of colloids, the glass is adapted for

romthe surface thereof.
1.0 £ Nap;0 < 30.0

In addition, contents of aluminum and sodium are desirably
the same. However, in actual mixing of the materials, there
arises fluctuation of about #10% in composition ratio. Such
fluctuation does not exert detrimental influences on the
threshhold value of laser processing, and hence preferred
composition ratio of aluminum to sodium in the invention is
in the range of:

0.9 < Al,03/Na0 < 1.0

Additionally, the alkali metal is not limited to the
above-described sodium, but may be any element that can be
ion-exchangedwith silver. Thus, potassiumor the 1like isalso
usable. Other additives are not limited to the elements and
the contents described in the Examples, either, andmay properly
be selected in consideration of the melting point, optical
properties and weatherability of the glass.

The mechanism how the laser processability is improved by
the presence of silver lies in generation of silver colloid
caused by irradiation with laser. It is considered that
generation of silver colloid in the glass serves to cause a
strong absorption of laser beamwithin the glass, thus the laser

beam energy being effectively utilized to realize smooth

14



“This application is based on Japanese patent application 5 JP 2001- 60680,
filed March 5, 2001, the entire content of which is hereby incorporated by
.reference, the sane as if set forth at length. 18 What is clained is: 1
A not her gl ass for producing a glass adapted for |aser processing utilizing
abrasi on or evaporation by absorbed | aser energy, which conprises: silicon
di oxi de as a nmai n conponent; 5 and alum num and at |east one al kali netal
in substantially the sane nolar anmount. 2. The nother glass according to
claim1l1, which i.s a Si02-containing glass, wherein the contents of A1203
and Nazopfﬁcggstlﬁlg al uni num and the al kal i rret aI are vvi thin the fol l owi ng
ranges in ter of _nmol % %@? < A12Q03 < < Na20 < _ 30.0,
and the ol ar'ieR§ TP ADERREBOTHE Pﬁf?ﬁgsréﬁﬁeqﬁmOQE§W?Q¥d:W#QQOSINa20
5 1.1. 3 . The nother glass according to claim2, which conprises 30 to 65
ol % of rSSPRCtItedtn® SARWLiGc Kavedengtholtdul Fbjang spuraRGiaBemiR0 ol %
of B203; 0 to 20 nmol % of MO, and 0 to 20 20 nol % of ZnO 4 . A gl ass

adapt ed fompoaeat)prodedlEidg Mdarh ilagnrodiessd &Y &bl 80 aih br part of
the alkali nmetal in the nother glass according to claiml1, with silver by
an i on- exelvadgnyghneéhothuRbgeberation of silver colloid and a strong

absorption thereof, thus processability being improved
similarly. As practical high output laser beams, there may
beusedKrFexcimer laser (wavelength=248nm), a secondharmonic
component of Nd:YAG laser (wavelength=532nm), a fifthharmonic

10 component (wavelength = 212 nm), Nd:YVO. laser (wavelength =
the same as Nd:YAG), a harmonic component of YLF laser
(wavelength=523nm, 349nm, 262nm) or Ti:Al,03 laser (wavelength
= around 800 nm but, in biphoton absorption, around 400 nm).

Table 1
15 (unit: mol%)

Component Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6

Si0; 58.0 58.0 56.0 56.0 40.0 37.5
Al,03 5.0 8.0 11.0 15.0 25.0 25.0
Na,0 5.0 8.0 11.0 15.0 25.0 25.0
20 B,03 15.0 15.0 10.0 8.0 10.0 12.5
MgO 15.0 1.0 0.0 3.0 0.0 0.0
Zno 2.0 10.0 6.0 3.0 0.0 0.0
Total 100.0 100.0 100.0 100.0 100.0 100.0

15



5. The gl ass adapted for |aser processing according to claim4, which is
capabl e of being subjected to processing with a laser light having a
-wavel ength range of 200 nmto 800 nm 20
. A . AFs. AFs. AFs. AFs. A3f . AF. Aby. A3f . A AL AFf. A f. Af. A
S. A3f . AFy. A5f . A3S. Al S&Ea} <*:w, 121 | w nmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca] ca]ca]ca] ca]ca]calca]ca]ca]lca]c:a]calcalcalcalcaUcaljcalRF |C
6 @APQabu
D} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ¢a, ])g a] ca] ca) ca] ca]ca] ca] ca]calca]caJca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 9uNCQZRK| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca
]cay c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca'] ca] ca’]caz] caFca] ca] cEaﬁ cé] ca]])ca] ca] E‘é] cg] ca! Fydv
-e\ P$b4q} ni g : aﬁl éc: ‘]a(c:lg] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] TaJca]ca]ca]calcal @X)/11 p frL
#}x %E cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal c €a] ca] ca] ca] ca] ca] ca! #D###H#H#SASSSIRL &} &&&' "COW((

)?2))))@* | wr rrhc"Y] ca) ca] cal]ca]calc gca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] cal ca
] ca] ca] cA*RAH 1 cEPa] ca{féa] calléd] ca] c@8***/ +r $++2)\ - 33
1A17111T2Y2722223WBt 3u33} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] caj
ca] ca] ca]Téﬁ-]Qﬁd]}t%J]Cta‘]&:]a]Q:a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 33334W4456066667R
7778: 8@A8}88899y9999. 1 g: : : } xsni d_Z]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cdlaza)igedicty ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca!: & d;r;
1 <] <<<=Y====3) S0>7>@OP>Z>>>>>- 2] ??2?2#@ @ xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cajrrajasadclajcalndd)] ca] tapcal cajlea] ca] ©@] ca] capea] ca] ead] ca] cajocal ca] cal
ca! @GA\YAAABTBBBCACCCCC7 DWDDDOEFEEEE: F{ FFF<GyGGG6H} xsni d_Z] ] ca] ca] ca] ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
aljcalca! 6HVHHHIRI XI 1 I 1 1 IMJJJJ;
KLKAKKKLRLLLL7MsMVM NdNj NI N} xsni ¢aBlikca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] cal I NoNr NuNN\ QA
, SPS Ex. 1 Ex. 4
T?TBTHTPT] T_TTTTTTTTTTT2U>Ut V} xsni d Z] ] ca] ca] caj ca] caj ca] ca] ca] ca] ca] caj ca]
ca] ca] ca]lmalclalealenleal ca] cal cal ca] ca] ca] ca] ca] ca] ca] ca] cal t VZVWWEW WAV
WAK=XuXv X| XXXYDYYYYYZBZ*ZZZ[ & b[[[ [} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]q] calwodlLal cal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal [["\ b\
\ A WANK=XuXv X| XXXYDYYYYYZBZ"ZZZ[ & b[[[[ } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]

&E
i e SRy e B

109 & / 1097 &

}waggg&(%) Llo#{ﬁ(ye\’9a ]‘%fg& 8 11 109 (§ <"dE- 109%7F 1097& () -

10997& () %%D%% 310%7& ()-10%& ()-s 10%& ()-: wdE- 10%/5 10%7&' ()-3
10997& () | 109& ()-- 109%/& ()-L! 109%/& ()-,./ 012 bClO%&Y

0,
109 () - & g (o’ +1 1610 1070 870 420 420

*1: impossible to be processed
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=107 107="10%& ()-9f 10%& ()-7y 10%& ()-| RAEbCL0% 10%& () -
10%&' ()-"10%& ()- 109%& ()-'109%& ()- 10%& ()- F |dEbCL0% &
10%&' () - F3%@#10%&' ()- 10%& ()-F-#10%& ()- 10%& ()- 10%&' ()-C 6 u dEbCl0%s3
10%& ()-Y1l 109%& ()-YS/-#10%& ()-L- 109%& ()-F+ 109%& ()-@ 10%& ()-u
XmbCL0%Fs: 109%&' ()-" 10 10
10@s10%& ()- YO@10%&' ()-97MLO%& ()-y510%&' () - DOudEmbC10%
10%&' ()-"10%& ()- 109%& ()- 109%& ()- 10%& ()- 10%& ()-uNdEmbCl0% 10%& () -
1098 ()- @10%& () -
10% ()- 10%: () - 10%&: () - CAEnbEIObE Y3 100& ()-S)! 109%& () - 9"
109%& () - 3F%@¥10%& ()- @ 10%& ()-&'y 10%& g&- Q%g:lEnbf%OW? 10%&' ()-5
109 ()-3 109& ()-11 10%& ()-3f/ S#10%& () {80i%poROtFL RhCI09w  109%& () -y
10%& ()-Fs: 10%& ()-- 10 10 10, =t 10%&' ().- F9g(10%&' ().- RKAELC10% 109%&' () -
109 ()- 10%& ()-" 199RPPY}ENE o9& OMPAT 2139 EXAMPAGENCL0%T# 109&' () - !
109%& ()-L10%& ()-109&' ()- ,#109&' ()-
109&' () - 4v- edEbC10% 35 H109%&' ()-L-" 103R9()-3+2109%& ()-,) 109%& ()-&
1098 ()- % #109%& ()-e\dE:/ 10 10=s109%&' ()-39@10%& ()-7 109%&' ()-y5
109%&' %) -s3y 10%& () - YRLROY& ()-PxY:/ A0 10%& ()- 10%& ()- 109%& ()-
10%&' ()-f 109%&' ()-Fs:10%&' ()-M 10$bdE:/ 10 10%&' ()- 3@ 10%& () -
109 ()-& 10%&' ()-Y 10%8O()-' 109%& ()1aqdE: /
10&) 10%&' () -' 10%& () - F% #109%&' ()-# 109%& ()-!109%& ()-10%& ()- @dE: /
10f 5y10%& () - 9" 3MLOY&MJO Y110%&' () - F@#00%&' () - &9- 10%& ()-3+y 10%&' ()- XbC
10y

Ca0 8.4

10 Table 5
(unit: mol%)

Component Comparative Example 1

Si0; 19.5

Al,03 35.0

15 Na,0 35.0
B;03 10.5

MgO 0.0

Zn0 0.0

Total 100.0

20
The present inventionprovides a glass whichdoesnot suffer
formation of cracks or chips upon processing with laser, of
which irradiated surface is smooth, and which ensures a removal
of an amount in proportion to the irradiation energy. Further,

25 since the glass enables to introduce silver ion to the inside
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&8x"?1 1
0, o/R' - 0, o/R' - 0, o/R' - 0, o/R' - 0, o/R' - rraa L
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& ()- Fl 1&109%R8& ()-(V\(((%?)|).|[:NA4 1010 F 10%NM! fwé F" 1000M. () - -
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109%vME () - EY1 109HME' ()- FS/#10%EM&' ()- FL- > 1098MME ()------- .0+0OvU4 10
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FI 109R#& ()- F 109R#& ()- F 10%R#& ()- FF-#109R#& ()- F

1092#& () - GAYAAABTB| [: vU4 10 F FY@ - #109%R#& ()-F F9- 10%R#& ()- F +
1092#& ()- F) 109%R#& ()- F 109%R#& ()- FY% #1092#& () - TBBBCACCCC] [ : - 4102#F
FI =1092#& () - R .FIThet 1088 (Jlafs 7Tyctov@#8y( to EfBit0W#&H)ch is a

FL' 3: 1092#& ()- FF110%R2#& () - CCOCC7DWDDbA4102#F F F" 10%&X#&& () - F
10%YBX#&&'Ji)02-EohQURKERE §)asF, WMOMMRXTEEL NG <drafents of Al,0; and Nay0
109%8X#&&' () - 102#102#DDOEFEEEE]| [ : A4102#F F 10%&X#&& ()- F @109%8X#&&' () -

Ft 1098X#&% (the E10f@H&&r(d the 20%8X#&Refdl dre within the following
109&X#&&' () - E: F{ FFF<QyQ [ : A4102#F F,) 109@X#&& ()- F& 109&X#&& ()- F3

%t 10%8X#&&r{ges Fh TS &E ol B: 1098&X#&& ()- F

1098X#&&' () - yGEEBHVHHH| [ : A4102#F Fy5 1098X#&&' ()- F9s3' 109%8X#&&' () -

FY1, 109%8X#88& () - F3@ #ADURUE’ (- FI-y 10%8X#&& ()- F3+

10%&X#&&' () - H Rl UM VI W XI FvuA10 F - 10%|# & ()- Fsf

10% | #: & () - 10&X#&1 Qeogt #8&& ()- F39- #109RXH#&E& ()- F7
10(;&X#&&8 111J gf%#ﬁ%ﬁm"élflo &(§)FF10%|#&()-()F

10(%5|#:&tl(};e nEaJ)Wﬂd%&)(c) égg/ﬁgifé 815()1 %ﬁ%@ £J3; KLKAKKK]| [ : vU410

F F# 10%1# & ( 0941 T0% 1 # & ( 0% 1 #: & () -

F@10% | #: & ()- F,1Q% K [:vW410 F F @ @10% | # & ()-F
Fo-10% 1 #: & ()- F +910%’?§°§}? LCB% 5[0 1 #: & ()- F 10% 1 #: & ()- F

9% #10% | #: & ()- 7MsMVM NdNgNhN| [ : - 410: | #: F FI =10% | #: & ()-F F
9S#10% | #: & ()- F7 10% | # & ()- Ff5 10% |#: & ()- F 3 10% | #: & ()- FF1
10% | #: & ()-hNi N NP NUNNDAGL0: | # E £ S 10 R
F3%.0%&X#(&)& ()I\g_ JNM (?? g‘gaccordln% ]bc/?%r%)z whlc@égmg‘%( §‘§‘s()

R B NI B 17 St o
1%%#&&“%2)0 % %ﬁ éﬁ?’)“o?/ %80 ()tO\A?(S?%EZR#é&OF) @%@Q@@QQA‘AO 199@xH8! 10%

EXH#&E ()- 109EXHEE' () -' LOYBXHA&E () -' 10%EXHE&E' () - ' L0YBXHA&E () - ' 10%EXH&E () -
300 ()-" 10%RXH#&E () - ' 10%RXH#&E () - ' 10%BXH#&E' () - ' 10%YBXH &L ()

-5WBI' T WMA4' 109RXH&E () -' L0YRXH&E' () - ' 10YRXH#&E () -5WB!' T
# 10Y&X#&&' ()- 109%&8X#&&' () - QQORRRRI - A4" 10%&X#&&' () -5WB!' T

" 10YRX#&& ()- 1098XHE&E () - ' LOYRXH&E' () -' 10YRXH#&E' () - RRRR! R&R+R_?A4" 1098X#&
10YRXH&&' () -' 199RRRka sy adapveNAas J(é)serm%a#&&lw' wmmmr@ucqu#&& (
) - +R, RORSROR=RARNN. Ad' 10%8X#&& () - "' 109YBXH&&' () -' 109YBXH&&' () - ' 109YBXH#H&&' () -
09BX#&&' (¥ 3WPLEcing all or part of the alkali metal in the mother glass
ARERI RJRNRRRVWRMV Ad' 10%8X#&&' () - ' 109Y8XH#H&&' () - ' 1098X#&&' () -5WB!I' T
#' 10Y8XH# KL €9 rQ 10§RH &Ra (- \RWERE RARhRr 30 Bl &' 1H084tb&in(girbethod.
"109BXHER' () - 10YBXHEE' () - 109BRXH&E' () -' 10Y%&X#&&' () - ORUR{ RRRRR_?A4" 109&X#&
109REBE&E () - ' 10YRXA&E' () - ' 10YBXHEE () - ' 10YRXH#&&' () - ' 109&RXA&E' () - ' L0YBXHE&E' (
) - RRRRRRRRt gE4" 109&8X#&! | f" 1090 9 & () - MLO#X10#10#
Y=10%#& ()-"' 1098X#&& ()-5WBI' T

19



~ RRR!' S, SPSSSzY9E4' 103@10% & ()- f"10% & ()-M f"109%& ()-M f"10% & ()-M
f"109KXX& ()-M f"10% & () - MSS[ S\ ScSSSSSsW

- 4'103@#10% & ()-3@10% & () - H@3@10% & () - 3@10% & () - H@t3@#10% & () - SSSSS
SSSt T<4' 10H@#3@#10% & () - 3@10% & () - Ha#3@#10% & () - 3@10% & () - H@SSSSSSST
t\<4' 103@10% & () - H@#3@10% & () - 3@10% & () - H@t3@10% & () -3@10% & ()-TT
T T?TBTETFTGTj 1 </ 10"10" @3l = 10% & ()- 33@ 10% & ()-( 3

9-10% & ()-3@10% & () - Ha@(3@10% & () - GTHTPT] T_TTTToN-/ 3 10% & () -
c109PQP& () - =10%h " h&, ().- L& ) W& L) :

3y10% & () - 10'%7@‘?#%%?5?/ AhaBLLE, for (??Séﬁgﬁ%éis%? WG IRELY) - 3F
040% & - o & - o & - "10" 1Q"
0% € (1 JEEEL0 1 3 I O oUW e LN 10, 40,

310% & () - VW$\% [ NA4310 3 10% & () 3"10% (2) 3 10% '6)- 3s

1098 & ()& gasféo &90F-Nay1gof &3ye 398 943 28 01598 EP(?Q 3

S10% & ()- 3S 10% & ()-10"10"10" 31 =10% & ()- 310% & () -| XXXYDYYY|[:vW43 3
33@10% & ()-3 3 10% & ()-3 310% & ()- 310 & ()- 3"10% & ()- 3

10% & ()-YYYZBZAZZ| [ :vWM43 3 3)10%W & ()-3 33 % 10%W & ()-3 3"10% & () -
31109 & ()- 310% & ()- 3 10%W& ()-ZZ[ & b[[[|[:vu43 3 317 10% & ()-3 3f5
10% & ()-3 3L310W & ()- 33@&I0W & ()- 3& 10% & ()- 3 +

10% & ()-[[I[[["\b\\vU43 3s 10% & ()- 3Y 10% & ()- 3sS10% & ()-10"10"10"
3Y=10% & ()- 3F9 10% & ()-\\[["\b\\vWU3 3s 10% & ()- 3Y 10% & ()- 3sS10%
& ()-10"10"10" 3Y=10% & ()- 3Y=10% & ()- Normal" "Headi ng 13]c" "Heading

23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph FontO

% X/ ?5: @\Fi KOGQySTXY” ™ bdf hj | nprtvxz| ~#*3: @H Nt V[ \ COEFGHI JKLMNOP} | u

uRde' ! "#UR&. ' (| ) *\, - +01Z236R7@BYy9: ;

Y=Z>] ?@ BCDEy GHI JK7 M NNQQRQOR+RARWRORRRSSSSTGITTzVW XYZ[ \ \ QRSTUWKYZ[\]"_"a
bcdef ghi j kl mopgr st uvwxyz{| } ~6Ti mes New RonmanAri al Couri er New'h Root

Ent ryWor dDocunentY ! "#$%R' () *+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

20



