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[Title of the Invention}
ALKALI-FREE GLASS SUBSTRATE
[Abstract]

[Object]

An object of the present invention is to provide a high-
transmittance alkali-free glass substrate that fulfills all
the requirements made of a liquid crystal display (LCD)
without increasing costs.

[Constitution]

The alkali-free glass substrate according to the present
invention contains substantially no alkali metal oxide, and
comprises, by weight, 0.01-0.3% SnO,, 0-0.1% As;0;, and 0-1.0%
Sb,0;, and the Fe content of the glass, converted to Fep0O;, is
0.005-0.03% by weight.

[Selected Figures]

None
[Claims]

1. An alkali-free glass substrate containing
substantially no alkali metal oxide and comprising, by weight,
0.01-0.3% Sn0O2, 0-0.1% As,0;, and 0-1.0% Sb,0;, wherein the Fe
content of the glass, converted into Fe,0;, is 0.005-0.03% by
weight.

2. The alkali-free glass substrate according to Claim 1,
wherein the transmittance of said glass substrate is 50% orx
‘more for a wavelength of 300nm, and 89% or more for

wavelengths of 400-800nm.
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3. The alkali-free glass substrate according to Claim 1
or Claim 2, comprising, by weight, 55-70% S$iO,, 12-20% Al,0,,
5-15% B,0,, 0-5% MgO, 0-12% CaO, 0-10% SrO, 0-10% BaO, 0-5% ZnoO,
0-5% Zr0,, and 0-0.5% Cl.

[Detailed Description of the Invention]
[0001]
[Industrial Field of Applicationl]

The present invention relates to an alkali-free glass
substrate for use as a substrate in flat-panel displays such
as liquid crystal displays, electroluminescent displays, field
emission displays, and sensors, or as cover glass for a solid-
state image sensor.

[0002]

[Prior Art]

Alkali-free glass substrates have been widely used in the
past as substrates for flat-panel displays and sensors, and as
cover glass for solid-state image sensors.

[0003]

A transparent conductive film, an insulating film, a
gemi-conductor film, and a metal film are deposed on the
surface of a glass substrate of this type, and various types
of circuits and patterns are formed thereon by
photolithographic etching (photo etching). During these
processes, the glass substrate is subjected to heat treatment
at temperatures of several hundred degrees, as well as to

treatment by various chemicals, including sulfuric acid,
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hydrochloric acid, alkali solutions, hydrofluoric acid, and
buffered hydrofluoric acid.
[0004]

The following characteristics are required of a glass
substrate of this kind.

(1) It should contain essentially no alkali metal oxide,
since alkali metal oxides contained in the glass can cause
alkali ions in the semi-conductor materials that are deposed
on the substrate as a film during heat treatment to diffuse,
leading to deterioration in film characteristics.

(2) It should have sufficient chemical resistance to
withstand the various acids and alkalis used during the photo-
etching process without deteriorating.

(3) It should have a high strain point, so that the glass
substrate does not exhibit heat contraction . during film
deposition and other stages of the TFT (thin film transistor)
formation process. In concrete terms, it should have a strain
point of 640° C or more. A glass substrate for use with a
polycrystalline silicon TFT-type LCD requiring a working
temperature of 600° C or more, for example, requires a strain

point of 640 ° C or more.

[0005]
In addition, the following characteristics are also
required.

(4) It should have excellent meltability, to prevent
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defects occurring during the melting process that would make
the'glass unsuitable for use as a substrate.

(5) It should have a low heat expansion coefficient, to
improve heat shock resistance and to reduce damage sustained
during the heat treatment process.

[0006]

Furthermore, because transmittance is an extremely
important consideration for glass substrates used in devices
of this kind, the glass substrate should preferaﬁly have high
transmittance from the ultraviolet range through to the
visi£le range.

[0007]

In the case of an LCD, for example, which is a non-light
emitting display with poor light utilization efficiency, the
transmittance of the glass substrate should be as high as
possible within the visible range. Further, the TFT (thin film
resistor) elements are formed on the substrate after the
deposition of the transparent conductive film, insulating film,
semiconductor film, and metal film by the back-exposure method
of photo etching, which involves irradiating ultraviolet rays
with a wavelength of approximately 300nm from the back face of
the glass substrate. For this reason, transmittance within the
ultraviolet range also needs to be as high as possible.

[o008]
Organic electroluminescent displays, which display by

illuminating red, green, and blue organic phosphors, have been
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attracting considerable notice in recent years. In these
displays, the luminous efficiency of the phosphors that emit
green light is lowexr than that of the other phosphors. For
this reason, glass used as a substrate in this kind of display
needs to have high transmittance within the wavelength range
corresponding to green light.

[o009]

[Patent Document 1]

Jabanese Unexamined Patent Publication No. H7-202208
{Patent Document 2]

Japanese Unexamined Patent Publication No. 2001-261366
[o010]

[Problem to be Solved by the Inventionl]

Fe,O; exists within the glass as Fe’' and Fe?*. Fe’ in
particular has its absorption peak at approximately 380nm, and
reduces transmittance for the ultraviolet range and the low-
wavelength end of the visible range. Low-coét, mass-produced
glass generally contains large amounts of Fe;0;, which is mixed
in with the raw materials and also enters the batch during the
manufacturing process. Because of this, it is accepted that if
this kind of glass is used as a substrate in a display or
sensor, low transmittance for the ultraviolet range and the

low-wavelength end of the visible range will result in reduced

performance.

foo11]

In order to eradicate Fe,0; entirely from the glass, it
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would be necessary to select high-purity raw materials, and to
use specially designed manufacturing equipment to prevent any
Fe,0; from the batch preparation equipment becoming mixed in
with the raw materials. This would increase manufacturing
costs dramatically, and is therefore unrealistic.

[0012]

An object of the present invention is to provide a high-
transmittance alkali-free glass substrate that fulfils all of
the requirements (1) to (5) outlined above, without increasing
production costs.

[0013]
[Means for Solving the Problem]

After various experiments, the inventors of the present
invention found that the desired transmittance could be
obtained by adding SnO. to .the glass, and these findings have.
led them to propose the present invention.

[0014]

The alkali-free glass substrate according to the present
invention is characterized in that it contains essentially no
alkali metal oxide and comprises, by weight, 0.01-0.3% SnO;, 0-
0.1% As;0;, 0-1.0% Sb,0;, and has an Fe content of 0.005-0.03%
by weight, converted to Fe;0;.

[0015]
[Operation]
Generally speaking, the ultraviolet rays used when

forming a TFT on a glass substrate chiefly have wavelengths of
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approximately 300nm. Because of this, it is important that the
transmittance of the glass substrate for a wavelength of 300nm
should be as high as possible, and at least 50% or more
(preferably 60% or more). A transmittance of less than 50% is
likely to mean that more time is required for carrying out
back-exposure and forming the TFT, hindering productivity.
[0016]

Also, because an LCD is a non-light emitting display, any
loss of light utilization efficiency should be kept as low as
possible. For this reason, a glass substrate for use in an LCD
should have transmittance that is as high as possible for the
visible range. It is important that the transmittance of a
glass substrate of this type should be 89% or more (and
preferably 90% or more) for wavelengths of 400-800mm.
Transmittance of less than 89% can adversely . affect display
performance.

[0017]

The As,0; content of the glass in the alkali-free glass
substrate according to the present invention is therefore
limited to no more than 0.1%, and 0.01-0.3% of SnO, is added.
This causes the Fe valence to change from 3 (Fe**) to 2 (Fe?"),
giving the glass substrate transmittance of 50% or more for
wavelengths of 300nm and transmittance of 89% or more for
wavelengths of 400-800nm.

[0018]

Adding 0.01-0.3% of SnO; to the glass is believed to cause
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the following reaction to take place: Sn?' + 2Fe® — Sn** 4+
2Fe?'. The valence of the Fe changes, so that the amount of
Fe®* increases while the amount of Fe3* decreases, and
transmittance for the ultraviolet range and the low-wavelength
end of the visible range improves. An amount of SnO; less than
0.01% is not desirable, as in this case only a small amount of
Fe changes valence, and transmittance for the ultraviolet
range and the low wavelength end of the vigible range
décreases. An amount greater than 0.3%, on the other hand, is
also undesirable, since this is liable to cause SnO, crystals
to be deposited in the glass. A preferable range of SnoO,
content-"is 0.05-0.3%. Although several other substances
besides Sn, such as Ce and Ti, also éause Fe valence to change
in a similar way, these should not be ugsed, as they have their
absorption peaks in -the-ultraviolet range.

[0019]

AS;03, which is widely used as a fining agent, alsoc has
its absorption peak in the ultraviolet range. It also acts to
inhibit the valence change to Fe®* brought about by the Sno,.
For this reason, the amount of As;0; contained in the glass is
limited to no more than 0.1%. An amount of As,0; greater than
0.1% is not desirable, as this reduces transmittance for the
ultraviolet range. The As,0; content should preferably be no
more than 0.5%. Reducing the amount of As;0; used as a fining
agent in an alkali-free glass makes it more difficult to

obtain bubble-free glass. However, since the SnO, added to
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improve transmittance also acts as a fining agent, it is
possible to obtain bubble-free glass by combining this with
suitable amounts of Sb,0; and Cl. Like As,0;, however, Sb,0; has
its absorption peak in the ultraviolet range, so that the Sbﬂi
content should Se limited to no more than 1.0%.

[0020]

If the amount of Fe?' in the glass increases too much as
the result of adding SnO; there is a risk that transmittance
for the high-wavelength end of the visible range might be
reduced, since Fe®' has an absorption peak of approximately
1080nm. This would make it impossible to maintain
transmittance at 89% or more for wavelengths of 400-800nm. To
prevent this, it is necessary to adjust the total amount of Fe
contained in the glass, which must be kept within a range of
. 0.005-0.03%,. converted to Fe;0;. It is not desirable that the
amount of Fe,0; is over 0.03%, as this lowers transmittance at
the high-wavelength end of the visible range. Attempting to
reduce the Fe,0; content any lower than 0.005%, however, is not
advisable, as this makes costs unacceptably high. A preferable
range of Fe,0; content is 0.007-0.03%.

[0021]

The glass used in the present invention is an alkali-free
glass. The reason for this is that if the glass contains
alkali metal oxides (Na,O0, K;0, Li,0), not only does the alkali
content of the glass adversely affect the characteristics of

the various films and TFT elements formed on the glass
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substrate, but there is also a risk that clouding will be
produced by reactions between the alkaline constituents of the
glass and the various films, leading to a reduction in the
transmittance of the substrate.

[(0022]

The precise composition of the glass substrate according
to the present invention may be determined as suitable
according to use, taking into consideration factors such as
chemical resistance, thermal contraction, meltability,
moldability, and thermal expansion coefficient. One example of
a suitable composition would be an alkali glass comprising, as
a percentage of the total weight: 55-70% SiO,, 12-20% Al;0,;, 5-
15% B;03, 0-5% MgO, 0-12% CaO, 0-10% SrQO, 0-10% BaO, 0-5%ZnoO,
0-5% Zxr0,, and 0-0.5% Cl.

..[0023]

An explanation follows of the reasons for the ranges
given for the composition of the glass above.
[0024]

Si0, acts as the network former of the glass, and has the
effect of improving the acid resistance of the glass,
increasing the strain point of the glass, and reducing the
thermal contraction of the glass substrate. A glass substrate
with high acid resistance and low thermal contraction can be
obtained with an Si0O, content of 55-70%. A preferable range is
57-67%. A higher Si0, content causes the high-temperature

viscosity of the glass to increase, so that meltability
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deteriorates and devitrified cristobalite is more likely to be
deposited in the glass. Reducing the content any lower than
this range tends to reduce the acid resistance and strain
point of the glass.

[0025]

Al,0; increases the strain point of the glass-and helps to
prevent deposits of devitrified cristobalite in the glass. A
glass substrate with low liquid phase temperature éan be
obtained with an A1203 content of 12-20%. A preferable range
is 13-18%. A higher Al,0; content tends to adversely affect
the buffered hydrofluoric acid resistance of the glass, and is
also liable to increase the liquid phase temperature, making -
the glass more difficult to mold. An Al,0; content of less
than the suggested range tends to reduce the strain point of
the glass.

[0026]

B,0O; acts as a flux, lowering the viscosity of the glass
and improving meltability. These effects can be obtained with
a B;0; content of 5-15%. A preferable range is 7-14%. Greater
amounts of B,0; tend to lower the strain point of the glass and
adversely affect acid resistance. Lower amounts of Bay0;, on
the other hand, are ineffective as a flux, and tend to reduce
the meltability of the glass.

[0027]
MgO reduces only the high-temperature viscosity of the

glass without reducing the strain point, and improves the

11 JP2004-189535A

0012



meltability of the glass. The meltability of the glass can be
improved by a MgO content of 5% or less. A preferable range is
0-3%. Larger amounts of Mg0 are liable to cause devitrified
enstatite to be deposited in the glass. Buffered hydrofluoric
acid resistance is also reduced, leading to erosion of the
surface of the glass substrate during the photo-etching
process and causing reactive substances to adhere to the
surface of the glass, making clouding of the glass substrate
more likely.

foo28]

Ca0 reduces only the high-temperature viscosity of the
glass ‘without lowering the strain point, and greatly improves
the meltability of the glass. Meltability can be improved by a
CaO content of 12% or lower. A preferable range is 3-10%.
Larger amounts of CaO tend to adversely affect buffered
hydrofluoric acid resistance.

[0029]

SrO improves the chemical resistance and devitrification
resistance of the glass. This effect can be obtained with a
SrO content of 10% or less. A preferable range is 0-7%.
Larger amounts of SrO may increase the density and thermal
expansion coefficient of the glass, and tend adversely affect
meltabililty.

(0030]
BaO improves the chemical resistance and devitrification

resistance of the glass in a similar way to SrO. This effect
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can be obtained with a BaO content of 10% or less. A
preferable range is 0-5%. Larger amounts BaO may increase the
density and thermal expansion coefficient of the glass, and
tend to have seriously adverse effects on meltability.

[0031]

Zn0 improves the buffered hydrofluoric acid resistance of

the glass. This effect can be obtained with a ZnO content of
% or less. A preferable range is 0-2.5%. Larger amounts of
Zn0, however, tend to lower the devitrification resistance and
strain point of the glass.

[0032]

It should be noted that although the alkaline earth metal
oxides MgQO, CaO, SrO, and BaO are mixed and added to the batch
to help improve the meltability and devitrification resistance
of the glass, a.large amount of these constituents tends to
increase the density of the glass, making it difficult to
obtain a lightweight glass substrate. Consequently, the total
amount of these substances contained in the glass should be
less than 11%.
f0033]

Zr0O, improves the acid resistance of the glass. This
effect can be obtained with a Zr0O, content of 1% or less. A
preferable range is 0-0.7%. With larger amounts of ZrO,,
devitrified zircon is liable to be deposited in the glass.
[0034]

Cl acts as a fining agent. Large amounts of Cl may
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increase volatility from the glass wmelt and make striation
more likely. However, the desired effect can be readily
obtained with a Cl content of 0.5% or less. A preferable range
is 0-0.4%.

{0035]

Next, an explanation follows of a method for
manufacturing an alkali-free glass according to the present
invention.

[c036])

First, the raw materials of the alkali-free glass are
selected, taking into consideration the amount of Fe contained
-as-an impurity. The batch is then prepared from these
materials in line with the recommended range for each

constituent given above. The prepared batch is then melted in
a continuous melt furnace at a temperature of 1520-1680° .C.

The molten glass is then molded into sheet form using the slot
down draw, overflow down draw, float, or roll out method or
similar and slow-cooled to produce an alkali-free glass
substrate.
[0037]

A detailed explanation of the present invention follows
based on several examples.
{0038]

Tables 1-4 show examples of the present invention
(samples 1-20), and Table 5 shows comparison examples (samples

21 and 22).
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[(0039]

[Table 1]

Example

Composition (%)

Total Fe,y0;
Transmittance (%)
Density (g/cm2)

Thermal Expansion Coefficient
Strain Point

Liquid Phase Temperature
Acid Resistance

Buffered Hydrofluoric Acid Resistance
[0040]

[Table 2]

[aAs for Table 1}

(0041}

{Table 3}

{as for Table 1}

[0042}

{Table 4}

(As for Table 1]

[0043]

[Table 5]

[As for Table 1]

[0044]

Each of the samples shown in the tables was made as
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follows.
[0045]

First, the batch of raw materials was prepared in line
with the composition givgn in the tables. After melting for 24
hours at 1600° C in a platinum pot, the molten glass was poured
out onto a carbon plate and molded into sheet form. This sheet
of glass was then optically polished on both sides to make a
large, thin glass substrate having a width of 300mm, a height
of 300mm, and a thickness of 0.7mm.

[0046]

The characteristics of each of these samples were then
evaluated. The results are given in the tables.
[0047]

As the tables make clear, samples 1 to 20 (which were
examples of the present invention) had transmittance of 55% or
more for a wavelength of 300nm, and transmittance of 90% ox
more for wavelengths of 400-800nm. The density was low (no
more than 2.43g/cm?), allowing for a more lightweight substrate.

The thermal expansion coefficient was 30-34 x 1077/° C. The

strain point was high (665° C or more), allowing a glass

substrate exhibiting little thermal contraction to be obtained.

Further, the temperature corresponding to 10°° poise was no

greater than 1610° C, and the liquid phase temperature was no

greater than 1120° C, so that these samples had excellent

meltability and moldability. Acid resistance and BHF
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resistance were also excellent.
[0048]

Transmittance for wavelengths of 300nm for samples 21 and
22 kwhich were the comparative examples), however, was low, at
no more than 40%.

[0049]

Transmittance was measured by taking samples using a
spectrophotometer for wavelengths of 300nm, 400nm, 600nm, and
800nm.

[0050]

Density was measured using the well-known Archimedes
method.
[0051]

Thermal expansion coefficients were calculated by
measuring. the average thermal expansion coefficient between .

30° ¢ and 380° C using a dilatometer.

{0052]

The strain point was measured using the method outlined
in ASTM C336-71. The lower thi; value, the smaller the thermal
contraction of the glass. Log m at 10°° shows the temperature
corresponding to the high-temperature viscosity of 102%° poisé.
The lower this temperature, the better the meltability of the
glass.

[0053]

The liquid phase temperature was assessed as follows.
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First, each sample was crushed into pieces of 300-500um in
size and washed, then placed in a platinum pot and transferred
to a temperature gradient furnace at 1000-1300° C. After 24
hours, the platinum pot was taken out from the temperature
gradient furnace and the glass removed from the platinum pot.
The samples obtained in this way were then examined through a
polarizing microscope and the point of crystal deposition
measured. This was taken to be the liquid phase temperature.
[0054]

HCl resistance was evaluated by immersing each sample for
3 hours in an aqueous solution kept at 80° C comprising 10%
hydrochloric acid by weight and then examining the condition
of the surface of the glass with the naked eye. Buffered
hydroflucric acid resistance was evaluated by immersing each
-sahple for 30 hiﬁaﬁeé“in a.Euffered hydrofiuoric acid solﬁtibn
kept at 20° C comprising 30% ammonium fluoride and 6%
hydrofluoric acid by weight and then examining the condition
of the surface of the glass with the naked eye. Cases in which
no alteration was discernable in the surface of the glass are
shown with the symbol O, and cases in which alteration was
discernable are shown with the symbol X.
[0055]
[Effect of the Invention]

As described above, the alkali-free glass substrate

according to the present invention has high transmittance
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across the visible range, making it ideal for use as a
substrate in a flat panel display or sensor, Or as cover glass
for a solid-state image sensor. Transmittance is also high in
the ultraviolet range, making it particularly well suited for
use as an alkali-free glass substrate in a TFT active matrix
LCD display in which the TFT elements are formed using back-

exposure.
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VCOEKTLRAROYTAENCE., EANEL0TCUHNLEZ2HITICYBRERTNT.
(000651

FE,. CAMRICE., ROLTHERUEHERINTG.

(4) ¥SZPRERYLIBEUL(AUBRBRABIEELRLDLIBRECENLZV T
Y.

(F) MMERHETALI L7 AVBIBF2OBRAETARIEITILNHC,. RERER
FINT LT X,

[0006]

BER. CLYOFPRAZPEYSZAEROZEBRERF OO TEE2HY . KB d v IR
greHa7Z, BUBRAEETRTIVSAERDFEETN 70 3.
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[0007)

Blrate. BEF (A7 1086, kRXBRF (272142, XONRAVEHFRELE
O, TBBCHIIVSAEROERFERBTLOHIHKRL. 2. TFT (BEFFY¥2
I)RIZ.XSAERLECERSEN, B8N, ¥YSH, cEHRFEXNBELLE., ¥
SZAERORBLIVRBRRIOONMBEOHKIREBRN T IBEBEECKT 72V Y
PST74RE>THETINZ. YO0xd, KFBOHIIFSZAEBOERRERLEHF
Hu.

[o008]

$kE. 05, BTN ZUIERILV7LAOLSI XYy O YRTP 4 A2V 10%6. K. K
L\ BOEBMEXLTRETI U CIERTATY. FREOXIRTIRXALORXMENHOD
BEXBCHRAZBEN. YOxd)., FREOXCHBIIRRBCHIIVIAOERERS
WEFRL.

(0009

(B 1]

BHRAF7-202208840%K

[FHEFXm 2]

HR2001-261366%84%H

(0010

(RBAPBRL LI YT IRE])

Fe,O0; 4. ¥52%2Fe’®* XuFe? "ok aBaEL. B, Fe® "1, 8
BONMBECRREC -7 EHT., 548, EEARAOTIBBCHIYIZEBRXTHAT I
3. ~BIL. TA2ABEETNIVTIAR. PT7ARRCHEETIEPH L Z2BBDFe,
O3 FTFTAFLCRBALZINT. XOKN. COKTBIYTRAEF (A7 A0y Y-
OEBYLZANI Y., 548, BERPNOITIRBCHIVIEBRELBELEDL., 4« A7
LAy —YLIORBEOBETHEBRITA T T .

(00111

¥S52FPAQOFe, O; ORAITRECHRBRTICK. BHEYZFZRABMEAL. BH.
FRBABBEVLLERBAFe , O3 PEALB LIS RAICHM I LAHERBRER
HYIREFHY . REJIJZMDPEBCE(RTIED., RERN2R 2D,

foo12]

ARBAOoBNEK., LRELEEXRFERED (1)~ (b)) o7 EHEL. LHBE. 33X+
¥y 3IoY R, BRFEOBLURBRPLIDVYSAEBERB/TICOLZ2H I .
[00138]

(BETRRTIEVOFR]

ARAER. BROZEREBRVELEBR., Y7APCSN0, EFWTICYZ2MED
FBREFBYNITYEFRORALARAY L ZIHRRTSEtO2H .

[0014]

Bt, AFBEORPZPALDVHYSZIHHAL. REACPIIVEERLLDES 7. K&%
2. 858n0, 0. 01~0. 8%. AS,; O3 0~0. 1%. 8Sbhy O3 0~1.
0%2HY. B>, ¥5AF90Fe03ERYF. Fe, OgCEELZ. H®%20. 0
05~0. 08%2HICLERBMYTI.

{00156

[tFA]

—BC. P ABBLOTFTEIERTIIBCALUSAIKIRE., EXYLZ300Nnm
tTPNYLERBOKABUSEAEAINI. COED. BR3OONMCHEIIXTIEN
OBBER. 2FIRVBLIHRRC. DB YEH0%MLE (BFLKBE0XMRLE)
2HITCYNREER2HI . COBRENXSOX KRB 2HI Y EEBREEN>ZTFTEW
HYTIROGBEHPHY . TEHCXRBEFETEREH T .

[0016]

$E. BET(ZA7VARERRXBF (272014 25H3 20, XONURMEXORXK DB
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WESHFRD. 20, BE&F (A7 VAIRYSZ2EBOTIRBCHY I BBER2F
IRIBLBECRS. BR400~800NmMICHYIEBRERXE I %ML (BFL (R
90%ML) 2HICYBEE2HT. COBBEDBIBXKI2HIYF A7V AD
BEFETTIAEHT.
(001171
YD ARPORPFLIVEPTABELCHLN IR, PTAFOAS, 03 0. 1 %K%
TIOHMRL, SN0, ¥0. 01~0. 3%%BNT 3. CAC LY FeoiXE34@ (F
ed* )Y By 2B (Fel? ") ARLLTtZREIOONMICHYIBRETSH 0OBML
CRt., B>, BE400~800nmRHYIEBEEBIBMECLTZUL I,
(o0o018]
¥72FLC8N0, 0. 01~0. 3%83ATt3¥. 8n%* +2Fed®*18n"
*+2Fe’ " ORBHKECY ., FeoB®XiLLZ. Fe? " ri@mL. Fel® * »
WHTIYELL N, KABCERERNOTEROZBAENLRT I. SN0, 085 &
PO. 01%&VDRLY, BRELTIFecoBEVRA(RY, $4BPERENMOT
BBROBBEHNR(BLTIENMDBEL(RND. —FH., 0. 83%&LVB30¥Y¥8Bn0, OBEH
MEULPT(RIEOBEL(RN. B8N0, 0B FLLUBEKO. 065~0. 3%2H
I.8. SNYBRBRICFeo@BMELERCTEOY LZ. Ce®T i SE0ERET I N,
TRALHE., HEABCRRERASENHN. BEL LR,
(oo19)
$E, ABRYULZAC(BERATNZLUIAS, O REABLRRC -V EH->. EC.
SN0, RLIFe? " \DliNENLEMETIBHFINT. COLMH. AS,0; 08
ERIEO0. 1 %¥UTICHRINI. AS,0; OSERBKO. 1%&Y30Y. 38O
BREFBETTIEANSBEL(BD. BELEO0. 05BUNT2HIT. &. EFXL DY
¥sZRHLZ. ABAYLZAUOUBLALZLWIEAS,; O OSRAEBETRY T Y. B R
FTRAEBICYRBL(RIN. BERALETBOIANOCENLTUISN0, FAER
YLZEMCED. 8b,0; C | PTRERHBLICYIROPUFTIEH/ICY
pr2F3. AL, 862 03 ﬁASz 03 YEBRCEABCRBAC-7EFH/H-H>EHL. ¥ O
SHBE1. OXMTRHLIREZHI.
(00201
$E5.8Nn0, OFMIC&L->7. Fe?! " NOLIF I Y. Fe?*Z1080nmi
FRERC -7 FH~E£0D. REEBROTEEZEBEFEATL. BB400~800nmKE
HIIBBRFEBIXMLICROCYNPFRL( B IBINI. CLEBLETICK. 2
FeREtHABTIRENHY. Fe, 0; CHELZO0. 0065~0. 03%OBBERL
AZLSRTICYDEE2HTI. Fe,0; OSEHBHFO. 03%&LVELHLT Y. K
BEANOTEBRERBTTIENBELLRN. -5, 0. 0065%&KVDHLEY
YTIY, DAFBBE( RV TPIENBELLRD. Fe, 0; 08 LURERK. 0
007~0. 08%2H73.
o021
ARACHOWIRATIVTIARRIND VY TZA2HT. YOoBaRk. ¥52FPCP A
PYELEEBIEY (Nou, O. K, O.Li,0) $83ETIY. ¥52P0PLHYKD
B, PSAEBECHA ITNEABBEOBYTFTRIORET ST HIX B YR, P L
PUNDYBBEOBPABTICY2a8L. 2ROBREFATIHIBIHI A Y 2
H3.
(o0o022]
$E£. ARHOYSAEROLBN AR, WESHE., ARES. BHs. wH&E. A
FRENETLRL 7. ABRCRHBUITRERETARLL. BRALANPYL 7. B8F
%32, 810, 565~T0%. Al , O3 12~20%. B, O3 b~15%.
M30 0~5%.Ca0 0~12%. 8r0 0~10%. B0 0~10%. X
NO 0~5%.XrFr0, 0~5%.Cl 0~0. 6%OBZPALDYULSABHTY
ni3.
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[o023]

COLSTRYSAMRETREL EBAK. ROoY¥YHY 2HT.

(0024])
SLOZR\#31@*v#7-77a-?-!§3ﬁﬁ?%0~#32@@&&?@1
THEY.,. PSA0OEAFTLATH ZIVTAEBROBOABMENI (T INREHT. 88
BHREE~T0%2Hnir RBEFE. RAFBOoAT LIS IEBFEBICUF2T
3.8 LUKEBRK. 5T~67%2H8. W, Si 0, 08885 RIT Y. ¥TFTZ
OBEBBEDPE(LR), BRBUEFPBILTIYHRLCIYZIMRTALOXRETYBRITHELY®
T(HRZEALHI. L. SEBIDVPBLABIY.,. YTAOHRBECPERFBTTIE
mcHi.

(002651

Al,O3B. P5Z20FATLATEEY ., JYZAILRTFALOXB7YOMBERZ
I 2H3. SEBB12~20%2H0E. BEABErBOLrTIAEREZBIC YR
2F7F3. B8 LURERK. 18~18%2H3. 4. Al ,0; OZHEBHBEF(RI Y,
PSZAOWNy 7>—E 7y BEFBHULEY., REBEXLAL ZEHLIC (R IHR
AreHh3. £, SERFDB(BRIY., YFAOFRFBTTIHE@ACH T .
(0026
Bgoau\ﬁmXLYHmb\#3XQHEYTW\ﬁm&?&S?Zﬂﬁ7%Z.§
EEBFO~16%2HNir. LR HREBICYyr2Fd. FELHEBK. T~14%
2H3.%. B, 0; OSEEBIZ(BIY. ¥YTA0FR/FBTLEY . BEEFEIL
TIHERMLCHI. £, SEEBDVPR(ALIY,. BAYLITOCHERUTEREFET
TIE@ICH .

[oo0217])

MO, YSAOERTRTIHLICERBRMEEORERTIM T, PTXA0BBHETN
ETIWXDP2HI. SEBFPEXNT 2N, Y720BRETXBETICYR2F
CBELORBERX., 0~3%2H3. %M. MPOOBSERBNZ(RT Y. LYXT¥AFH
ONETYEMBLRT(LI. . BNy 7>—-F 7 vyBéEIFETL., 72 +I v 7
YTIBHVNZ. PIZERNBTOFRRIN T, REBHEEWF YT IAERRXACHEL
HTABEABLABLCRT.

[0028]

CoO. YTAOEATRATIHETCHRENUEORFRTIH 7. F720BRETEE
LAKBTIHD2HT. SERF12%¥UNT2H0iIE. YT7XA0BRETXBTICVY
#2F3.BFLUEER. 3~10%2H3. M. CaOOZHERIXZ(CHRT Y. RN
vI7r7—R7vBUEDPBILLTIEELCHIT.

f0o029)]

SroOR. ¥Y20MESBHYREBERTMLICINI2HT . SEEF 1 0%BUT?2
Hne., tEMBEEBICYr2FI. BFLLUBERO~T%2HE. &, Sr008
ERBUS(AIY. PIAOBRBORBREBRMAF (Lo LY, BRENBELLT IHED
([od T

[0030]

BoaOR. SrOYARBRCHYFTAOMNELSHAYRLABETALEIEIXND2HI. 85 E
FI1O%MT2HNIE, LEMRIBICYr2F3. BELLUEBRO~D%2HT.
M. BALOOSERNIFE(HLI Y. VYTFAOBEHECHREREBREXF (S5 EY ., BEH
FEL(BELTIE@ALCH T .
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ZTNOR. YT Z2OWMAyv 77— F 7 vBEARLCBRETXBTINDT2HT. SERKFI
YMT2HNEL. LREHREBBICYr2FI3I. BT LLEBRARKX, 0~2. bX2HI.
M. ZNOOSERBRDPEL( AT Y. ¥FAOHEERCERNETTIHEOLCHI.
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. M?0. Ca0O. SrO0., BaOoZ L VitH2sE®BItWE. BALITIBET U
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TYZ. PTRAROBREYREBEETM LI BEI OV PFIN,. CLEXNDOBSRYK S
(B3Y. PTROFBHLEBTIHACHY . YT AEHOBBIELBEYLRITI LY.
BE21I1%RBCTICYHREBELD.

(003 3]

XrOo, R. Y20 BHIXBIITI2H3. SERF1 ¥UNT280E. 52
ORBHETMETHICOYDF2FT. BFLUEHEHRK., 0~0. 7% 283.1. Zr 0
r DBEBEEZ(RITI Y. YNNI YORB7TYOHETIEACHT .
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Clig,. PFRA0FBRAYLZIH(NG2H3. SE8FFI(RI Y. PT7ARBHL O
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X2 ARPORPILIVYPSAERNERETIHEEHBTI.
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£, ABUWYLTISENIFeoBEZRBLANYL . RPLIDVVZZAORBEERL
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TERBRP21520~1680CoORE2BRTI. Yok, BRYSIEZ0Ov b
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2RECEBULADTICY2RPLIDVUPSABERNETEZBICYTGZ2FI.
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(R H]

KT, ARBEAFTERACEy I ZHACHBPT 3 .
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(1
. x B
1 2 3 4 5

MR (TR%)
S$10,; 63.0 |63.0 63.0 63.0 63.0
Al ,O, 16.0 16.0 16.0 16.0 16.0
B,O, 11.0 11.0 11.0 11.0 10.0
MgoO - - - - -
CaO 1.0 1.0 1.0 1.0 8.0
Sro0O 1.5 1.5 1.5 1.6 1.0
BaO 0.5 0.5 0.5 0.5 1.0
ZnO - - - - -
Zr O, - - - - -
Sno, 0.1 o1 o1 o1 |o1
As,O, - = - - -
Sb,0, 0.9 0.9 0.9 0.9 0.9
Cl - - - - -
£Fe,0, 0.008 | 0.010 | 0.012 ] 0.015 | 0.020
BAE (%) 300nm 74 n 69 66 60

400nm 92 91 91 91 90

600nm 92 91 91 91 90

800nm 92 92 92 92 91
BE (e/cm’) 2.38| 2.38] 2.38| 2.38) 2.40
® %Sk R ¥ [30-380°C]
(x10-7/°C) 32 32 32 32 33
#x (°C) 675 675 675 675 676
logn at 102 ° (°C) 1610 1610] 1610] 1610 1598
BFHAE (°C) 1095 1096 1095 1095]| 1105
AR O 0O O O O
Mty 27— FovEtE O O O O O
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® B &
6 7 8 9 10

AR (RM9%)
S$io0, 63.0 63.0 63.0 63.0 64.0
Al ,0, 16.0 16.0 16.0 16.0 16.0
B,O, 10.0 12.0 12.0 11.0
MgO - - - - -
CaO 8.0 8.0 8.0 8.0 8.0
SroO 1.0 - - - 0.5
BaO 1.0 - - - 0.1
ZnoO - - - - -
Zr O, - - - - -
SnoO, 0.1 0.2 0.05 0.15 0.2
As, O, - - - - -
Sb,0, 0.9 0.8 0.9 0.75 -
(ol - - 0.05 0.1 0.2
2Fe,0, 0.025] 0.015}] 0.015| 0.020 ) 0.020
ERBE (%) 300nm 55 712 61 63 67

400nm 90 91 91 91 91

600nm 91 92 91 91 92

800nm 91 92 92 92 92
we (g/cm®) 2.40| 2.35| 2.35]| 2.35]| 2.37
Rk & K [30-380°C]
(x10-7 /°C) 33 31 3t 31 32
Em (°C) 676 670 668 671 670
logn at 102 % (°C) 1595| 1590} 1590 1595] 1600
HIBBRE (°C) 1105} 1080 1080] 10801 1110
igf:: 3 O O O O (®)
Wiy 27— F7 vEtE O O O O O

0028

10

20

30

40



(9

JP 2004 189535 A 2004.7.8

® B #
11 12 13 14 15
R (R&9%) ‘
$io, 61.0 |62.0 ([63.0 |[62.0 |62.0
Al,O, 16.0 |[15.0 [16.0 |16.0 |16.0
B,O, 12.0 9.4 |12.0 |11.0 |[11.0
MgO - 0.5 - - 1.3
CaO 1.0 1.0 1.0 8.0 8.0
SroO 1.9 4.0 1.0 0.5 1.0
BaO 1.0 0.05 | 0.3 1.5 0.5
ZnoO 0.5 0.5 - 0.5 -
Zr 0O, - 0.4 - 0.15 -
SnoO, 0.1 0.26 | 0.15 | 0.15 | 0.1
As,Oq4 - 0.1 - - -
Sb,0, 0.5 0.7 0.5 - 0.1
cl - 0.1 0.05 | 0.2 -
£Fe,0, 0.015| 0.015] 0.016] 0.010 ) 0.010
ERE (%) 300nm 65 72 70 74 70
. 400nm 91 91 91 92 91
600nm 92 92 92 92 92
800nm 92 - 92 92 92 92
wE (g/cm®) 2.401 2.44| 2.35] 2.40| 2.39
2B 3R (7 $ [30-380°C]
(x10-7./°C) 34 33 31 33 34
Em (°C) 665 671 668 669 673
logn at 102- ¢ (¢) | 1555| 1560| 1605] 1565) 1560
HAEE (°C) 1105| 1055] 1090| 1085] 1120
i B 1% O O O O O
Wiy 27— K2 vRRE O O O O O
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x i B
16 17 18 19 20

8 (k%)
$i0, 63.0 59.5 62.0 61.1 64.0
Al ,Oq 16.0 18.0 11.0 17.5 156.5
B,O, 9.5 10.5 10.0 9.5 9.0
MgoO - - 103 - 0.7
CaO 9.0 8.0 8.5 5.5 6.5
Sro 1.0 - 0.5 3.5 2,0
BaO 0.5 3.0 1.6 0.5 -
ZnO 0.5 0.5 - 1.0 1.0
Zro, - 0.2 - 0.3 0.5
Sno, 0.15 | 0.15 | 0.15 | 0.1 | 0.1
As;Ogy - - - - -
Sb,0; 0.25 0.15 - 0.9 0.4
Cci 0.1 - 0.05 0.1 0.3
£Fe,0, 0.010] 0.010 | 0.01 0.015 | 0.015
EBE (96) 300nm 12 " A 66 65

400nm 91 91 91 91 91

600nm 92 92 92 91 91

800nm 92 92 92 92 92
BE (g/cm®) 2.42) 2.43| 2.40) 2.43| 2.41
o4 B R R B [30-380°C)
(x10-7 ~°0) 34 34 33 31 30
Em (°C) 677 680 682 686 685
logn at 102 % (°C) 1585 1520 | 1585| 1560 1605
HEBE (°C) 1095] 1115 1100 1115 1045
WA O O O O O
iy or—FovEiE O O .| O )
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E B8 #
21 22
MR (RE%)
8ioO, 62.0 58.5
Al ,O, 16.0 15.0
B,O, 11.0 10.0
Mg©O 40 1.0
CaO 4.0 5.0
sSrO 1.0 6.0
BaO - 1.4
ZnO . - —
Zr O, - 1.5
SnoO, - 0.05
A 8 203 - ) 1.0
18b,0, 2.0 0.5
cl - 0.05
2Fe,0, 0.020 | 0.030
ZAE (%) 300nm .40 39
400nm 90 89
600nm 90 89
800nm 91 90
#&E (g/om®) 2.38| 2.49
Rk G M[30-380°C]
(x10-7.7°C) 30 37
EFm (C) 675 670
togn at 10% % (°C) 1570 1460
HHEEBEE (°C) 1090 1230
(]33 @ @)
Wiy 77— F2vBRiE X O
[0044]
ZFoBBPE. XOLFCLZERLE.
[00465)]

FTROMEAYBLILTICHYIARNEREGL,. 8RR v F21600C2247mBEHR
LER. I—RYBECHRLEL, BRCEFHULE. RUBTHLSOBRRYSIZomME ¥
XSTFETICYIREL-> 7. T ZEHX300mm. ATEF3I0O0OmMmM. BH#®O0. Tm
MOXBE2EROYTAHWEERLE.

(o046
COLETRULIBRRULEBRABCHO LT, BHEORAEENTELE. BRERCKRT.
(o0417)

FEDLEBALABLIT, EBAZHIABNO. 1~20BUTFTNERREIOONMICH
WIBEBENROIS BMLEYELS,. BEL400~800NnmMICHTIBRFELE I0ORMLY
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Bh-k. BEEK 2. 483%/cm; WTYB, EHOBBLELEEICYD2FT. M
BREBR30~34X10" " /C2dH-xL. EAKEESTULEYBLEL. ALK
OMTOVLTZERXB NI . ££. 102 S RAZCHSTIEHERI610THK

T. BEEBERK. 11 20CAhT2HTI L. B, mactrLzr. Ec. B
B, SBHFCt#hZz0 x.

(00481

-5, kB8A2HIEARNO. 21 Rv22R K. ER3IOONMICHY I BBRBENL 0%
KTYBY > E.

(0049)

EBECHUZIR. PXEXBHCZEHEEZIOONmM., 400nm. 600Nnm. 800N
mMECHETIEAROBRAEENEL E.

(00501
BELCHOUIEK. BOOPALFXTPIAERCL->TREL £
(005611

MEREBR., P« X9 —-FRALZ. 30~3B0CCHYSFNAKRENER
FELEEO2H I .

{00b6 2]

Emalk. ASTM C336-T1905CcEYNZHEL. COEFrELEY. ¥7 2R
OBRBEBRAT (R logn at 10% °rx. BERMEZ2HI 102 ° R4
ZOMBLCHAETIBRRBERTEOZ2HY . COREBHRALEY., BRECEALZNIC
YeH .

(00538

BMBABERLCOUNTIEE. ALTOEHR2T-E. 7. BB/ EFLYNEYNI3I0O0~H500um
OKFILRE., 3L, CLhEOERHOR-FCANRZI000~18300CORED
BFCcBLI24RBRREL., REDPEFPLVEEROR-FERYELE. %tO®R, B
ERHOR-FHLEPFTAERYBUE. COLKICLTZBYAEY Y7L EREERE 2
Bl #&oLRFTRAEL. ChEREEE YL L.

[005 4]

WHC I #tz. BRABMEBOCCRBINAE I 0ERBIEHKRKBBRCIFEAREL 6.
YNLORANRBEIER 2B TICYRL->TIHBELE. TE. BRAy77>—-F7vR
BR., BABRFT20CCRRINEIOBRSBIELP Y E-"7L. 6ERXY7 vBH L L
INYv 77— F7vBC3O0ODRARRLEK, YthvyoREARKBEEBR2BRETICYR
Lo T7HBLE. ¥YT7ZAERORBALCL(ZTNLORDEORO.,. RBELEEORXZ2RL
.
[00b6 5]

(RBROTHE]

KEO LI, FRBEOR/PZPL DY FTAEBE. TRBLBCH-7EBREHRBELED
7T rRELVFPAZATL ARy —FoRB, BRBBRRTIOINR-PFTICRARL
LRIFSAEHYLIBR2HI. £x. KHABTHIYIBERXFLHELEDL., BT, B
BBXCE->-ZTFTRIENRETITFTRIIF (7YY D ZABET X721 1
PERATNIBILIVYPSZEBFYLZIBRAZ2HI.
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707 bR=SOKRF

1)Int.ClL." FI F—vI-F ($%)
HO5B 3/14 HO5B 83/14 A

F ¥ —L(%%) 46062 AAO1 BBO5 BBO6 DAO6 DAO7 DB04 DCO3 DCO4 DDO1 DEO1
DEO2 DEO3 DFO1 EAQ1 EBO1 ECO1 EDO1 EDO2 EDO3 EEO1
EE02 EE03 EFO1 EF02 EF03 EGO1 EGO2 EGO3 FAO1 FBO1
FCO1 FCO2 FCO3 FDO1 FEO1 FFO1 FGO1 FHO1 FJO1 FKO1
FLO1 GAO1 GA10 GBO1 GCO1 GDO1 GEO1 HHO1 HHO3 HHOS
HHO7 HHO9 HH11 HH13 HH15 HH17 HH20 JJO1 JJO3 JJOS
JJ0s JJo7 JJ10 KKO1 KKO3 KKO5 KKO7 KK10 MMO5 MM23
MM27 NN32 NN34
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