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ADP-231 (SP05-073) 

FINING OF BOROALUMINO SILICATE GLASSES 

I. CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Application Serial No. 60/694,478 

5 filed on June 28, 2005 and entitled "Fining of Boroalumino Silicate Glasses" which is 

incorporated by reference herein in. 

II. FIELD OF THE INVENTION 

The present invention relates to alkali-free, boroalumino silicate glasses 

10 exhibiting desirable physical and chemical properties for use as substrates in flat panel 

display devices, such as, active matrix liquid crystal displays (AMLCDs). In 

accordance with certain of its aspects, the invention relates to the fining of such glasses 

(also referred to in the art as "refining"). 

III. BACKGROUND OF THE INVENTION 

15 Displays may be broadly classified into one of two types: emissive (e.g., CRTs 

and plasma display panels (PDPs)) or non-emissive. This latter family, to which liquid 

crystal displays (LCDs) belong, relies upon an external light source, with the display 

only serving as a light modulator. In the case of liquid crystal displays, this external 

light source may be either ambient light (used in reflective displays) or a dedicated light 

20 source (such as found in direct view displays). 

Liquid crystal displays rely upon three inherent features of liquid crystal (LC) 

materials to modulate light. The first is the ability of LC materials to cause optical 

rotation of polarized light. Second is the dependence of such rotation on the 
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mechanical orientation of the liquid crystal. And third is the ability of the liquid crystal 

to undergo mechanical orientation by the application of an external electric field. 

In the construction of a simple, twisted nematic (TN) liquid crystal display, two 

substrates surround a layer ofliquid crystal material. In a display type known as 

5 Normally White, the application of alignment layers on the inner surfaces ofthe. 

substrates creates a 90° spiral of the liquid crystal director. This means that the 

pofarization of linearly polarized light entering one face of the liquid crystal cell will be 

rotated 90° by the liquid crystal material. Polarization films, oriented 90° to each other, 

are placed on the outer surfaces of the substrates. 

10 Light, upon entering the first polarization film becomes linearly polarized. 

Traversing the liquid crystal cell, the polarization of this light is rotated 90° and is 

allowed to exit through the second polarization film. Application of an electric field 

across the liquid crystal layer aligns the liquid crystal directors with the field, 

interrupting its ability to rotate light. Linearly polarized light passing through this cell 

15 does not have its polarization rotated and hence is blocked by the second polarization 

film. Thus, in the simplest sense, the liquid crystal material becomes a light valve, 

whose ability to allow or block light transmission is controlled by the application of an 

electric field. 

The above description pertains to the operation of a single pixel in a liquid 

20 crystal display. High information type displays require the assembly of several million 

of these pixels, which are referred to in the art as sub pixels, into a matrix format. 

Addressing all of these sub pixels, i.e., applying an electric field to all of these sub 

pixels, while maximizing addressing speed and minimizing cross-talk presents several 

challenges. One of the preferred ways to address sub pixels is by controlling the 

25 electric field with a thin film transistor located at each sub pixel, which forms the basis 

of active matrix liquid crystal display devices (AMLCDs). 

The manufacturing of these displays is extremely complex, and the properties of 

the substrate glass are extremely important. First and foremost, the glass substrates 

used in the production of AMLCD devices need to have their physical dimensions 

30 tightly controlled. The downdraw sheet drawing processes and, in particular, the fusion 

process described in U.S. Patents Nos. 3,338,696 (Dockerty) and 3,682,609 (Dockerty), 

is one of the few processes capable of delivering glass sheets which can be used as 
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substrates without requiring costly post forming finishing operations, such as lapping 

and polishing. Unfortunately, the fusion process places rather severe restrictions on the 

glass properties, requiring relatively high liquidus viscosities, preferably greater than 

100,000 poises, more preferably, greater than 150,000 poises. 

Typically, the two plates (substrate assemblies)_that comprise a flat panel 

display are manufactured separately. One, the color filter plate, has a series of red, 

blue, green, and black organic dyes deposited on it. Each of these primary colors must 

correspond precisely with a sub pixel of the companion active plate. To remove the 

influence of differences between the ambient thermal conditions encountered during the 

10 manufacture of the two plates, it is desirable to use glass substrates whose dimensions 

are independent of thermal condition (i.e., glasses with lower coefficients of thermal 

expansion). However, this property needs to be balanced by the generation of stresses 

between deposited films (e.g., silicon films) and the substrates that arise due to 

expansion mismatch. It is estimated that an optimal coefficient of thermal expansion 

15 (CTE) is in the range of 28-34 x10-7/°C (0-300°C), more preferably, 28-33 x10-7/°C 

(0-300°C). 

The active plate, so called because it contains the active, thin film transistors, is 

manufactured using typical semiconductor type processes. These include sputtering, 

CVD, photolithography, and etching. It is highly desirable that the glass be unchanged 

20 during these processes. Thus, the glass needs to demonstrate both thermal stability and 

chemical durability. 

Thermal stability ( also known as thermal compaction or shrinkage) is dependent 

upon both the inherent viscous !}ature of a particular glass composition (as indicated by 

its strain point) and the thermal history of the glass sheet as determined by the 

25 manufacturing process. U.S. Patents Nos. 5,374,595 (Dumbaugh et al.) and 6,319,867 

(Chacon et al.) disclose glasses with strain points in excess of 650°C which, when 

subjected to the thermal history of the fusion process, have acceptable thermal stability 

for active plates based both on a-Si thin film transistors (TFTs) and super low 

temperature p-Si TFTs. Higher temperature processing (such as required by low 

30 temperature p-Si TFTs) may require the addition of an annealing step to the glass 

substrate to ensure thermal stability. 

0006



4 

Chemical durability implies a resistance to attack by the various etchant 

solutions used in the manufacture processes. Of particular interest is a resistance to 

attack from the dry etching conditions used to etch the silicon layer. To benchmark the 

dry etch conditions, a substrate sample is exposed to an etchant solution known as 

5 11 0BHF. This test consists ofimmersing a sample of glass in a solution of i volume of 

50 wt.% HF and 10 volumes 40 wt.% NILiF at 30°C for 5 minutes. The sample is 

graded on weight loss and appearance. In addition to the 11 0BHF test, glass substrates 

are also tested for their resistance to acid conditions. In this case, the etchant solution is 

5% HCl and the glass sample is immersed in the test solution for 24 hours at 95°C. 

15 

In addition to these requirements, AMLCD manufacturers are finding that both 

demand for larger display sizes and the economics of scale are driving them to process 

larger sized pieces of glass. Current industry standards are Gen VI (1500mm x 

1850mm) and Gen VII (1870mm x 2200mm), but future efforts are geared toward even 

larger sizes in excess of 2 meters on each side. This raises several concerns. 

First is simply the weight of the glass. The increase in glass weight in going 

from one generation to the next has significant implications for the robotic handlers 

used to ferry the glass into and through process stations. In addition, elastic sag, which 

is dependent upon glass density and Young's modulus, becomes a particularly critical 

issue with larger sheet sizes, impacting the ability to load, retrieve, and space the glass 

20 in the cassettes used to transport the glass between process stations. 

25 

In addition to the weight and sag problems, the increasing sizes of substrates 

leads to greater challenges in terms of manufacturing defect-free glass sheets. Because 

of the small sizes of sub pixels, substrates used for display applications must be 

essentially completely defect free. 

One of the primary sources of defects is gaseous inclusions (also known as 

"seeds") resulting from entrapment of air in the molten glass as batch materials are 

melted. Historically, such gaseous inclusions have been removed through the use of 

arsenic as a fining agent. However, arsenic raises environmental and health issues, and 

thus there has been a continuing effort in the art to produce glasses with lower arsenic 

30 levels and, preferably, glasses which are substantially arsenic free. U.S. Patent Nos. 

5,785,726 (Dorfeld et al.) 6,128,924 (Bange et al.) 5,824,127 (Bange et al.) and co-
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pending patent application Serial No. 11/116,669 disclose processes for manufacturing 

arsenic free glasses. 

Efforts have been made to replace arsenic fining with antimony fining. 

However, antimony has its own environmental and health issues. Also, compared to 

5 arsenic,_antimony is a less effective finin_g agent. 

In quantitative terms, the gaseous inclusion level in commercially produced 

glass sheets needs to be less than or equal to 0.10 gaseous inclusions/cm3 of glass and 

preferably less than or equal to 0.05 inclusions/cm3 for sheets having a volume of at 

least 500 cm3
• Moreover, it is not sufficient to achieve a low level of gaseous 

10 inclusions in one or just a few glass sheets, but in order to be cost effective, glass 

manufacturers need to achieve the above low inclusion levels consistently. A measure 

of such consistency is to examine the gaseous defect level in a population of 

sequentially produced glass sheets, e.g., 50 sequential glass sheets. Thus, to have 

commercial viability, a glass intended for use as a substrate in display applications 

15 needs to achieve the above ( or better) gaseous inclusion levels on average for at least 

50 sequential sheets. 

In view of the foregoing, it would be desirable to provide a glass composition 

for display devices having a low density to alleviate difficulties associated with larger 

sheet size, -preferably less than or equal to 2.45 grams/cm3 and a liquidus viscosity 

20 greater than or equal to 100,000 poises to allow manufacture by, for example, the 

fusion process. In addition, it would be desirable for the glass to have a thermal 

expansion coefficient (CTE) in the range of28-34 X 10-11°c, and preferably between 

about 28-33 X 10-7/°C, over the temperature range of0-300_°C. Furthermore, it would 

be advantageous for the glass to have a strain point greater than 650°C, and for the 

25 glass to be resistant to attack from etchant solutions. It would also be desirable for the 

glass to have a low gaseous inclusion level when commercially manufactured without 

the use of arsenic and/or antimony as fining agents. 

IV. SUMMARY OF THE INVENTION 

In accordance with a first aspect, the invention provides an alkali-free glass 

30 comprising in mole percent on an oxide basis: 
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SiO2: 

AhO3: 

B2O3: 

MgO: 

CaO: 

64.0-71.0 

9.0-12.0 

7.0-12.0 

1.0-3.0 

6.0-11.5 

6 

SrO: 0-2.0 (preferably 0-1.0) 

BaO: 0-0.1 

wherein: 

(a) 1.00 ~ L[RO]/[AhO3] ~ 1.25 (preferably, 1.03 ~ L[RO]/[AhO3]:::; 1.12), 

10 where [AhO3] is the mole percent of AhO3 and L[RO] equals the sum of the mole 

percents ofMgO, CaO, SrO, and BaO; and 

15 

20 

25 

30 

(b) the glass has at least one (and preferably both) of the following 

compositional characteristics: 

(i) 

(ii) 

on an oxide basis, the glass comprises at most 0.05 mole percent 

Sb2O3; 

on an oxide basis, the glass comprises at least 0.01 mole percent 

SnO2. 

Preferably, the glass has the further compositional characteristic that on an 

oxide basis, the glass comprises at most 0.05 mole percent As2O3. 

In accordance with a second aspect, the invention provides an alkali-free glass 

comprising in mole percent on an oxide basis: 

SiO2: 64.0-71.0 

AhO3: 9.0-12.0 

B2O3: 7.0-12.0 

MgO: 1.0-3.0 

CaO: 6.0-11.5 

SrO: 0-1.0 

BaO: 0-0.1 

wherein: 

L[RO]/[AhO3] ~ 1.00 (preferably, L[RO]/[A}iO3] ~ 1.03). 

0009



5 
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Preferably, the L[RO]/[AhO3] ratio is less than or equal to 1.25 (more 

preferably, less than or equal to 1.12). Also, the glass preferably has at least one (more 

preferably, all) of the following compositional characteristics: 

(a) 

(b) 

on an oxide basis, the glass comprises at most 0.05 mole percent As2O3; 

on an oxide basis, the glass comprises at most 0.05 mole .percent Sb2O3; 

(c) on an oxide basis, the glass comprises at least 0.01 mole percent SnO2. 

In accordance with a third aspect, the invention provides a method for 

producing alkali-free glass sheets by a downdraw process (e.g., a fusion process) 

comprising selecting, melting, and fining batch materials so that the glass making up 

10 the sheets comprises SiO2, AhO3, B2O3, MgO, and CaO, and, on an oxide basis, has: 

15 

(i) a L[RO]/[AhO3] ratio greater than or equal to 1.0; and 

(ii) a MgO content greater than or equal to 1.0 mole percent (and preferably 

less than or equal to 3.0 mole percent); 

wherein: 

(a) the fining is performed without the use of substantial amounts of either 

arsenic or antimony (i.e., the concentrations of As2O3 and Sb2O3 are each less than or 

equal to 0.05 mole percent); and 

(b) a population of 50 sequential glass sheets produced by the downdraw 

process from the melted and fined batch materials has an average gaseous inclusion 

20 level ofless than 0.05 gaseous inclusions/cubic centimeter, where each sheet in the 

population has a volume of at least 500 cubic centimeters. 

Preferably, the glass making up the sheet is also substantially free of BaO (i.e., 

the concentration of BaO is less than or equal to 0.05 mole percent). Also, SnO2 is 

preferably used in the fining. 

25 In accordance with each of the foregoing aspects of the invention, the glass 

30 

preferably has some and most preferably all of the following properties: 

(a) a density that is less than or equal to 2.41 grams/cm3
; 

(b) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(c) 

(d) 

a strain point that is greater than or equal to 650°C; 

a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 x 10-11°c ~ CTE ~ 34 x 10-11°c. 
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It should be noted that the ranges specified above include the end points of the 

range. For example, when SiO2 is specified to have a concentration of 64.0-71.0 mole 

percent on an oxide basis, the 64.0 and 71.0 values are included in the permissible 

values for the SiO2 concentration. Similarly, when a concentration or other parameter 

5 is described as "being between X and Y," the X and Y values are included as part of the 

range. 

Additional features and advantages of the invention are set forth in the detailed 

description which follows and, in part, will be readily apparent to those skilled in the 

art from that description or recognized by practicing the invention as described herein. 

10 The accompanying drawings are included to provide a further understanding of the 

invention, and are incorporated in and constitutes a part of this specification. 

It is to be understood that the various features of the invention disclosed in this 

specification and in the drawings can be used in any and all combinations. More 

generally, both the above summary and the following detailed description are merely 

15 exemplary of the invention and are intended to provide an overview or framework for 

understanding the nature and character of the invention. 

20 

V. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I is a liquidus phase diagram of the CaO-AhO3-SiO2 system. 

Figure 2 is a liquidus phase diagram of the MgO-AhO3-SiO2 system. 

Figure 3 shows the effect of the :E[RO]/[AhO3] ratio on inclusions (blisters) per 

pound values for a multi-day experiment. 

VI. DETAILED DESCRIPTION OF THE INVENTION 

As discussed above, the present invention is concerned with improved glasses 

for use as substrates in flat panel displays, e.g., AMLCDs. In particular, the glasses 

25 meet the various property requirements of such substrates. The major components of 

the glass are SiO2, AhO3, B2O3, and at least two alkaline earth oxides, i.e., at least MgO 

and CaO. 

SiO2 serves as the basic glass former of the glasses of the invention. Its 

concentration should be greater than 64 mole percent in order to provide the glass with 

30 a density and chemical durability suitable for a flat panel display glass, e.g., an 

AMLCD glass, and a liquidus temperature (liquidus viscosity) which allows the glass 

to be formed by a downdraw process (e.g., a fusion process). 
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In particular, to be suitable for use in flat panel display applications, in 

particular, AMLCDs, the glasses of the invention preferably have a density less than or 

equal to 2.45 grams/cm3 (more preferably, less than or equal to 2.43 grams/cm3, most 

preferably, less than or equal to 2.41 grams/cm3), a weight loss which is less than or 

5 equal to 0.8 mmigrams/cm2 when a polished sample is exposed to a 5% HCi solution 

for 24 hours at 95°C, and a weight loss of less than 1.5 milligrams/cm2 when exposed 

to a solution ofl volume of 50 wt.% HF and 10 volumes 40 wt.% NH4F at 30°C for 

5 minutes. 

To be formed by a downdraw process, the glasses preferably have a liquidus 

10 viscosity which is greater than or equal to 100,000 poises, more preferably greater than 

or equal to 150,000 poises, and most preferably greater than or equal to 200,000 poises. 

In terms of an upper limit, the SiO2 concentration should be less than or equal to 

71 mole percent to allow batch materials to be melted using conventional, high volume, 

melting techniques, e.g., Joule melting in a refractory melter. When the concentration 

15 ofSiO2 goes above 71 mole percent, the 200 poise temperature (melting temperature) 

generally rises above 1650°C, which is typically the upper limit for conventional 

melting processes. 

Preferably, the SiO2 concentration is between 66.0 and 70.5 mole percent, more 

preferably between 66.5 and 70.0 mole percent, and most preferably, between 67.0 and 

20 69.5 mole percent. As a result of their SiO2 content, the glasses of the invention 

typically have melting temperatures greater than or equal to 1600°C and less than or 

equal to 1650°C. 

AhO3 is another glass former of the glasses of the invention. An AhO3 

concentration greater than or equal to 9.0 mole percent provides the glass with a low 

25 liquidus temperature and a corresponding high liquidus viscosity. The use of at least 

9.0 mole percent AhO3 also improves the glass' strain point and modulus. In order to 

achieve an L[RO]/[AhO3] ratio greater than or equal to 1.00 (see below), the AhO3 

concentration needs to be kept below 12.0 mole percent. Preferably, the AbO3 

concentration is between 9.5 and 11.5 mole percent. 

30 B2O3 is both a glass former and a flux that aids melting and lowers the melting 

temperature. To achieve these effects, the glasses of the invention have B2O3 

concentrations that are equal to or greater than 7.0 mole percent. Large amounts of 
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B2O3, however, lead to reductions in strain point (approximately 10°C for each mole 

percent increase in B2O3 above 7.0 mole percent), modulus, and chemical durability. 

For use in flat panel (e.g., AMLCD) applications, the glasses of the invention 

preferably have a strain point equal to or greater than 650°C (more preferably, equal to 

5. or greater than 655°C, most preferably, equal to or greater than 660°C),_a_ Young's 

modulus equal to or greater than 10.0 x 106 psi (more preferably, equal to or greater 

than 10.3 x 106 psi; most preferably, equal to or greater than 10.6 x 106 psi), and a 

chemical durability as described above in connection with the discussion of the SiO2 

content of the glass. A high strain point is desirable to help prevent panel distortion 

10 due to compaction/shrinkage during thermal processing subsequent to manufacturing of 

the glass. A high Young's modulus is desirable since it reduces the amount of sag 

exhibited by large glass sheets during shipping and handling. 

To achieve the above properties, the glasses of the invention have B2O3 

concentrations that are less than or equal to 12.0 mole percent. Preferably, the B2O3 

15 concentration is between 8.0 and 12.0 mole percent, more preferably between 8.5 and 

11.5 mole percent, and most preferably, between 9.0 and 11.0 mole percent. 

The AhO3 and B2O3 concentrations are preferably selected as a pair to increase 

strain point, increase modulus, improve durability, reduce density, and reduce CTE, 

while maintaining the melting and forming properties of the glass. For example, an 

20 increase in B2O3 and a corresponding decrease in AhO3 can be helpful in obtaining a 

lower density and CTE, while an increase in AhO3 and a corresponding decrease in 

B2O3 can be helpful in increasing strain point, modulus, and durability, provided that 

the increase in AhO3 does not reduce the I:[RO]/[AhO3] ratio below 1.00. For 

reference, as discussed above, glasses for use in AMLCD applications preferably have 

25 CTE'~ (0-300°C) in the range of28-34 x 10-7
/ 0 C. 

30 

In addition to the glass formers (Si 0 2, AhO3, and B2O3), the glasses of the 

invention also include at least two alkaline earth oxides, i.e., at least MgO and CaO, 

and, optionally, SrO and/or BaO. The alkaline earth oxides provide the glass with 

various properties important to melting, fining, forming, and ultimate use. 

In accordance with the invention, it has been found that the MgO concentration 

in the glass and the glass' L[RO]/[AhO3] ratio, where [AhO3] is the mole percent of 

AhO3 and L[RO] equals the sum of the mole percents ofMgO, CaO, SrO, and BaO, are 
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critical to the glass' performance and, in particular, are critical with regard to 

meltability and fining. 

Although not wishing to be bound by any particular theory of operation, it is 

believed that following aspects of glass chemistry are involved in the roles of MgO and 

5 the L[RO]/[AhO3] ratio in the glasses of the_invention. 

As is known in the art, in aluminosilicate glasses, AI3+ ions seek to be 

surrounded by four oxygen ions (02
-). One means by which this occurs is traditionally 

called a charge-balance interaction. A silicon ion (Si4+) bonded to four 0 2
- can be 

thought of as contributing¼ x (+4) or an incremental charge of+ 1 towards the bonding 

10 requirements of each 0 2
-. If one of these oxygen ions is bonded in tum to a 4-fold 

coordinated Al3+, then there is an additional contribution of¼ x (+3) =+¾towards the 

bonding requirements of the 0 2
- ion, for a total of+ 1 ¾. The remaining + ¼ can be 

obtained by a nearby +2 cation such as an alkaline earth, e.g., 1/8 x (+2) = +¼. The 

total charge contributed by positively charged ions exactly balances the negative charge 

15 of the oxygen ions, and aluminum can remain in 4-fold coordination. The +2 cations 

that serve in this role are referred to as charge-balancing cations. Provided that the 

I:[RO]/[AhO3] ratio is 1 or more, it then follows that nearly all aluminum in calcium 

aluminosilicate glasses is 4-fold coordinated by oxygen. See M Taylor, GE Brown, 

Structure of mineral glasses: I. The feldspar glasses NaAlSi3Os, KA1Si3Os, CaA}iSi2Os. 

20 Geochim. Cosmochim Acta 43:61-75 (1979); P. McMillan, B. Piriou, A Navrotsky, A 

Raman spectroscopic study of glasses along the joins silica-calcium aluminate, silica­

sodium aluminate, and silica-potassium aluminate. Geochim Cosmochim Acta 

46:2021-2037 (1982); and A Navrotsky, G Peraudeau, P McMillan, JP Coutures, A 

thermochemical study of glasses and crystals along the joins silica-calcium aluminate 

25 and silica-sodium aluminate. Geochim Cosmochim Acta 46:2039-2047 (1982). As is 

also known in the art, the efficacy of charge-balance by+ 2 cations varies inversely with 

their size. The usual explanation for this is that small +2 cations polarize oxygen ions 

and destabilize their bonds with other cations. See KL Geisinger, GV Gibbs, A 

Navrotsky, A molecular orbital study of bond length and angle variations in framework 

30 silicates. Phys Chem Minerals 11: 266-285 (1985); and A Navrotsky, KL Geisinger, P 

McMillan, GV Gibbs, The tetrahedral framework in glasses and melts-inferences from 

molecular orbital calculations and physical properties. Phys Chem Minerals 

0014



12 

11.:284-298 (1985). The preferred +2 cations in the invention are CaO, MgO and 

SrO, in order of maximum concentration. The Ca2
+ ion is better at stabilizing 

aluminum in- 4-fold coordination than the Mg2
+ ion, but not as effective as the Sr2+ ion. 

In the glasses of the present invention, sr2+ will be completely consumed in charge-

5 bal~cing interactfons,_followed by Ca2+ up to the limit that virtuaily all AI3+ ions are 

stabilized in 4-fold coordination by Ca2+ or sr2+. If Al3+ ions remain that still require 

charge-balance, Mg2+ ions will be used for this purpose until the remaining AI3+ ions 

are stabilized in 4-fold coordination. 

The alkaline earth ions that are not used to stabilize aluminum in 4-fold 

10 coordination will tend to share oxygen ions with adjacent silicon ions. In this role, the 

alkaline earths are termed network modifying cations, because they break up the 

tetrahedral network ofSi-O-Si and Si-O-Al bonds. Given the compositional constraints 

outlined below, the only alkaline earth ions that can be available as network modifying 

cations are Ca2+ and Mg2+_ In breaking up the network structure of the glass, the 

15 modifying cations contribute to reduced viscosity at elevated temperature, thereby 

facilitating the basic melting process. They also reduce the solubility of gases in the 

glass, thereby reducing the possibility of bubble nucleation and growth at high 

temperature. Further, they attack silica particles in the batch materials, causing them to 

be rapidly incorporated into a homogeneous melt. Finally, and most important for the 

20 present invention, they can reduce the stability of crystalline silica (e.g., cristobalite), 

stabilizing the liquid and thereby increasing the viscosity at which a crystal first 

appears on cooling. This is one of the key reasons why the I:[RO]/[AhO3] ratio must 

be c: 1. 

To understand this last role, i.e., the role of reducing the stability of crystalline 

25 silica, it is useful to consider the liquidus phase diagram of the CaO-AhO3-SiO2 system 

as depicted in Figure 1 (data used to prepare this figure are from EM Levin, CR 

Robbins, HF McMurdie, Phase Diagrams for Ceramists. The American Ceramic 

Society, Inc., Columbus, OH (1964), p. 219, converted to mole percent). The curves 

running through the middle of the diagram denote boundaries in composition space 

30 across which the crystal in equilibrium with a liquid changes its identity. At the top of 

the figure is cristobalite, a crystalline polymorph of Si 0 2 • To the lower right is mullite, 

approximately 3AhO3·2SiO2 , an aluminosilicate containing aluminum in 4-, 5- and 
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6-fold coordination. In the lower middle of the diagram is the calcium aluminosilicate 

anorthite, CaAbShOs, in which the CaO/AhO3 ratio is 1.0 and all A13+ ions are 4-fold 

coordinated by oxygen. The phase in the lower left is wollastonite, Ca2Si2O6, in which 

all Si4+ ions are 4-fold coordinated by oxygen, all Ca2+ ions are 6-fold coordinated by 

5 o~ygen, and at least some of the oxygen io~s are shared between Ca2
+ and Si4+ ions. 

The vertical line running through the middle of the triangle denotes compositions for 

which the CaO/ AhO3 ratio is exactly 1.0. In each of these regions, the crystal in 

question is in equilibrium with a molten glass, and the region of equilibrium between 

liquid and a particular crystal is referred to as the liquidus phase field of the crystal. 

10 Where two liquidus phase fields intersect, the curve indicating the intersection 

is called a cotectic, and where three phase fields intersect, the point at which the fields 

converge is referred to as a eutectic. Eutectics are locations where three crystalline 

phases simultaneously coexist with a liquid. They are, by definition, local minima in 

the melting temperatures of the particular crystalline assemblage, and therefore are the 

15 compositions for which the liquid is most stable relative to any one or combination of 

the three crystalline phases. Two eutectics are seen in Figure 1. The first, between 

cristobalite, anorthite and mullite (right-hand side) is a single melt down to 1345°C, at 

which point the three crystalline phases simultaneously come into equilibrium with the 

liquid. The second, between wollastonite, anorthite and cristobalite, is a single melt 

20 down to 1170°C, at which point those three phases simultaneously come into 

equilibrium with the liquid. 

Were a crystalline assemblage ofwollastonite, cristobalite and anorthite heated 

up from room temperature, the first appearance of a liquid would be at 11 70°C, and the 

composition of the liquid would be equivalent to that of the corresponding eutectic 

25 composition. Likewise, were a crystalline assemblage of anorthite, mullite and 

cristobalite heated up from room temperature, the first appearance of a liquid would be 

at 1345°C and the composition of the liquid would be that of the corresponding eutectic 

between these phases. Between these two eutectics, temperatures increase 

monotonically to the line denoting CaO/A}iO3 = 1.0. This line denotes a thermal 

30 maximum in RO-AhO3-SiO2 systems, for R = Ca, Sr and Ba. In other words, 

(Ca,Sr,Ba)O-AhO3-SiO2 compositions to the AhO3-rich side of the 

(Ca,Sr,Ba)O/AhO3=1 line will melt at the [alkaline earth aluminosilicate]-mullite-
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cristobalite eutectic composition, and are thermodynamically hindered from melting at 

the [ alkaline earth silicate]-[ alkaline earth aluminosilicate ]-cristobalite side of the phase 

diagram. 

Figure 2 shows the liquidus phase diagram of the MgO-AhO3-SiO2 system 

5 (data used to prepare this figure are from EM Levin, CR Robbins, HF McMurdie, 

Phase Diagrams for Ceramists. The American Ceramic Society, Inc:, Columbus, OH 

(1964), p. 246, converted to mole percent). This system is unique among RO-AhO3-

SiO2 systems in that the magnesium aluminosilicate (cordierite)-mullite-cristobalite 

eutectic composition has an Z:[RO]/[AhO3] ratio slightly greater than 1. Unlike the 

10 other RO-AhO3-SiO2 systems, initial melting of high-silica compositions in the 

magnesium-based system will thus tend to occur at eutectics with Z:[RO]/[AhO3] > 

1.00. Another point of considerable importance is that the eutectics in question are at 

much lower silica concentrations than any of the other RO-AhO3-SiO2 systems. 

Therefore, the lowest liquidus temperatures will be found at comparatively low silica 

15 concentrations in the MgO-AhO3-SiO2 system compared to the other RO-AhO3-SiO2 

systems. 

For the purposes of this invention, the most important consequences of the 

compositions of early-stage melts pertain to gas solubilities and the appearance of 

gaseous inclusions in the glass. The solubility of gases is comparatively high in 

20 aluminum-rich glasses and falls steeply as the Z:[RO]/[AhO3] ratio increases beyond 

1.00. Furthermore, silica is the last component to dissolve during melting, and as it 

does so the solubility of gas decreases considerably. In RO-rich systems, silica 

dissolution occurs at a comparatively low temperature, thus further inhibiting initial gas 

solubility. The net impact of this is that RO-rich glasses have low initial gas solubility, 

25 and the solubility actually increases as melting proceeds, whereas AhO3-rich glasses 

have very high initial solubility, but it.decreases as melting proceeds. As solubility 

decreases, gas is forced out of the glass and into bubbles. The surfaces of partially­

reacted silica particles serve as effective nucleation sites for these bubbles, and help 

keep them in the body of the glass. 

30 Another key component of the invention is boric oxide, B2O3• It does not 

participate significantly in any of the binary or ternary aluminosilicate crystals nor in 

SiO2, and as a consequence its main impact is to decrease liquidus temperature through 
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simple dilution. The main result is that for a given point on the liquidus surface of, for 

example, the CaO-A}iO3-SiO2 system, the liquidus temperatures will decrease with 

addition of B2O3. It is found empirically in high silica liquids that the impact of B2O3 

on liquidus temperatures is about twenty (20) degrees Centigrade per mol¾. As an 

5 example, the temperature of the anorthite-cristobalite-rnullite eutectic (on the AhO3-

rich side of Figure 1) decreases from 1345°C to about l 145°C when it is diluted by 10 

mol¾ B2O3. The impact of dilution on liquidus temperatures is commonly referred to 

as freezing point depression. 

A surprising result of composition investigations in AMLCD-type glass 

10 compositions is that the substitution of 1-3 mol% MgO for CaO in the CaO-AhO3-SiO2 

system causes an abrupt shift in the position of the anothite-mullite-cristobalite liquidus 

to approximately the same position as the cordierite-mullite-cristobalite liquidus in the 

MgO-AhO3-SiO2 system. As a consequence, the addition ofMgO not only forces all 

initial melting to the RO-rich side of the phase diagram, but also produces local minima 

15 in liquidus temperatures below those that might be expected from either the MgO- or 

CaO-based systems alone. The former follows from the discussion above concerning 

the MgO-AhO3-SiO2 system. The latter arises because the addition of a suitably small 

amount of any oxide will initially reduce liquidus temperatures via freezing point 

depression. Therefore, while intuitively one would anticipate an increase in liquidus 

20 temperatures because of the high temperatures in the ternary systems, i.e., systems 

having only MgO or CaO, one in fact obtains a decrease from about 1-3 mol%, 

followed by increasing liquidus temperatures thereafter. Since viscosity is not 

significantly impacted by the substitution ofMgO for Cao, the net result of the 

decreasing liquidus temperature is an increase in liquidus viscosity. High liquidus 

25 viscosities are a prerequisite for precision sheet downdraw processes used to convert 

molten glass into sheet suitable for AMLCD applications. 

Prior to the present invention, it was believed that MgO concentrations equal to 

or greater than 1 mole percent raised liquidus temperatures (lowered liquidus 

viscosities), thereby compromising high viscosity forming processes, such as, 

30 downdraw processes, e.g., fusion processes. However, as discussed above and 

illustrated by the examples presented below, it has been found that higher levels of 
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MgO can be used, provided that simultaneously, the L[RO]/[AhO3] ratio and SiO2 

concentration are carefully controlled as described above. 

Thus, in sum, the foregoing considerations show that of the alkaline earth 

oxides, MgO is particularly important with regard to melting and fining. In addition, 

5 relative to the other alkaline earth. oxides,. the presence of MgO results in lower density 

and CTE, and a higher chemical durability, strain point, and modulus. 

In terms of concentrations,-MgO should be greater than or equal to 1.0 mole 

percent in order to achieve the various benefits associated with MgO described above. 

At concentrations greater than 3.0 mole percent, even with control of the 

10 L[RO]/[AhO3] ratio and the SiO2 concentration, the liquidus temperature rises and 

liquidus viscosity falls such that forming the glass using a high viscosity forming 

process (e.g., a fusion process) is compromised. Preferably, the MgO concentration is 

between 1.2 and 2.8 mole percent, more preferably between 1.4 and 2.6 mole percent, 

and most preferably, between 1.6 and 2.4 mole percent. 

15 Of the alkaline earth oxides, the CaO concentration in the glasses of the 

invention is the largest. CaO is essential to producing low liquidus temperatures (high 

liquidus viscosities), high strain points and moduli, and CTE's in the most desired 

ranges for flat panel applications, specifically, AMLCD applications. It also 

contributes favorably to chemical durability, and compared to other alkaline earth 

20 oxides it is relatively inexpensive as a batch material. Accordingly, the CaO 

concentration needs to be greater than or equal to 6.0 mole percent. However, at high 

concentrations, CaO increases density and CTE. Accordingly, the CaO concentration 

of the glasses of the invention is less than or equal to 11.5 mole percent. Preferably, the 

CaO concentration is between 6.5 and 10.5 mole percent. 

25 The remaining alkaline earth oxides -- SrO and BaO -- can both contribute to 

low liquidus temperatures (high liquidus viscosities) and thus the glasses of the 

invention will typically contain at least one of these oxides. However, both oxides 

increase CTE and density and lower modulus and strain point compared to MgO and 

CaO. Between SrO and BaO, BaO generally has more adverse effects on glass 

30 properties than SrO. Accordingly, the BaO concentration in the glasses of the 

invention is less than or equal to 0.1 mole percent (preferably, less than 0.05 mole 

percent), while the SrO concentration is allowed to be_greater, i.e., less than or equal to 
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2.0 mole percent, preferably, less than or equal to 1.0 mole percent. Typically, the sum 

of the SrO and BaO concentrations will be greater than or equal to 0.4 mole percent, 

primarily to provide a sufficiently high liquidus viscosity so that the glass can be 

formed by a downdraw process. 

5 .In addition_to the above components, the glasses of the invention can include· 

various other oxides to adjust various physical, melting, fining, and forming attributes 

of the glasses. Examples of such other oxides include, but are not limited to, Ti 0 2, 

MnO, ZnO, Nb2Os, MoO3, Ta2Os, WO3, Y2O3, La2O3, and CeO2. The amount of each 

of these oxides should be less than or equal to 2.0 mole percent, and their total 

10 combined concentration should be less than or equal to 5.0 mole percent. The glasses 

of the invention will also include various contaminants associated with batch materials 

and/or introduced into the glass by the melting, fining, and/or forming equipment used 

to produce the glass, such as, F e2O3 and Zr02. The glasses can also contain SnO2 either 

as a result of Joule melting using tin-oxide electrodes and/or through the batching of tin 

15 containing materials, e.g., SnO2, SnO, SnCO3, SnC2O4, etc. 

The glasses of the invention will also normally contain some alkali as 

contaminants. However, for AMLCD applications, the alkali levels need to be kept 

below 0.1 mole percent to avoid having a negative impact on thin film transistor (TFT) 

performance through diffusion of alkali ions from the glass into the silicon of the TFT. 

20 As used herein, an "alkali-free glass" is a glass having a total alkali concentration 

which is less than or equal to 0.1 mole percent, where the total alkali concentration is 

the sum of the Na2O, K2O, and LiiO concentrations. Preferably, the total alkali 

concentratioi;i is less than or equal to 0.07 mole percent. 

As discussed above, in accordance with the invention, it has been found that 

25 having an L[RO]/[AhO3] ratio greater than or equal to 1.00 improves fining, i.e., the 

removal of gaseous inclusions from the melted batch materials. This improvement 

allows for the use of more environmentally friendly fining packages. For example, on 

an oxide basis, the glasses of the invention, can have one or more of the following 

compositional characteristics: 

30 (i) 

(ii) 

an As2O3 concentration of at most 0.05 mole percent; 

an Sb2O3 concentration of at most 0.05 mole percent; 

(iii) a SnO2 concentration of at least 0.01 mole percent. 
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As is well-known, As2O3 is the most effective high temperature fining agent for 

AMLCD glasses, and in some embodiments of the present invention, As2O3 is used for 

fining because of its superior fining properties. However, As2O3 is poisonous and thus 

requires special handling during the glass manufacturing process. Accordingly, in 

5 certain preferred embodiments, fining is performed without the_use of substantial 

amounts of As2O3, i.e., the finished glass has at most 0.05 mole percent As2O3. Most 

preferably, no As2O3 is purposely used in the fining of the glass. In such cases, the 

finished glass will typically have at most 0.005 mole percent As2O3 as a result of 

contaminants present in the batch materials and/or the equipment used to melt the batch 

10 materials. 

Although not as toxic as As2O3, Sb2O3 is also poisonous and requires special 

handling. In addition, Sb2 O3 raises the density, raises the CTE, and lowers the strain 

point in comparison to glasses which use As2O3 or SnO2 as a fining agent. 

Accordingly, in certain preferred embodiments, fining is performed without the use of 

15 substantial amounts of Sb2O3, i.e., the finished glass has at most 0.05 mole percent 

Sb2O3. Most preferably, no Sb2O3 is purposely used in the fining of the glass. In such 

cases, the finished glass will typically have at most 0.005 mole percent Sb2O3 as a 

result of contaminants present in the batch materials and/or the equipment used to melt 

the batch materials. 

20 Compared to As2O3 and Sb2O3 fining, tin fining (i.e., SnO2 fining) is less 

effective, but SnO2 is a ubiquitous material which has no known hazardous properties. 

Also, for many years, SnO2 has been a component of AMLCD glasses through the use 

of tin oxide electrodes in the Joule melting of the batch materials for such glasses (e.g., 

the melting of Corning Incorporated Code 7059, 1737, and EAGLE 2000 glasses). The 

25 presence of SnO2 in AMLCD glasses has not resulted in any known adverse effects in 

the use of these glasses in the manufacture of liquid crystal displays. SnO2, however, 

can form crystalline defects in AMLCD glasses when used at high concentrations. 

Accordingly, the concentration of SnO2 in the finished glass is preferably less than or 

equal to 0.15 mole percent. 

30 Tin fining can be used alone or in combination with other fining techniques if 

desired. For example, tin fining can be combined with halide fining, e.g., bromine 

fining. Other possible combinations include, but are not limited to, tin fining plus 
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sulfate, sulfide, cerium oxide, mechanical bubbling, and/or vacuum fining. Also, these 

other fining techniques can be used by themselves (or in combinations) without the use 

of tin fining. In all of these cases, maintaining an L[RO]/[AbO3] ratio and MgO 

concentration in the ranges discussed above makes the fining process easier to perform 

5 and more effective. 

The glasses of the invention can be manufactured using various techniques 

known in the art. Preferably, the glasses are made using a downdraw process and, most 

preferably, by a fusion downdraw process. Compared to other forming processes, such 

as the float process, the fusion process is preferred for several reasons. First, glass 

10 substrates made from the fusion process do not require polishing. Current glass 

substrate polishing is capable of producing glass substrates having an average surface 

roughness greater than about 0.5 nm (Ra), as measured by atomic force microscopy. 

Glass substrates produced according to the present invention and using the fusion 

process have an average surface roughness as measured by atomic force microscopy of 

15 less than 0.5 nm. The substrates also have an average internal stress as measured by 

optical retardation which is less than or equal to 150 psi. 

The invention is further illustrated by the following examples, which are meant 

to be illustrative, and not in any way limiting, to the claimed invention. 

In particular, Table 1 lists examples of the glasses of the invention and 

20 comparative glasses in terms of mole percents which are either calculated on an oxide 

basis from the glass batches in the case of the crucible melts or determined from 

measurements on the finished glass for the compositions prepared using the continuous 

melter (see below). Table 1 also lists various physical properties for these glasses, the 

units for these properties being as follows: 

25 

30 

Density 

CTE 

Strain Point 

Young's Modulus 

Melting Temp. 

Liquidus Temp. 

grams/ centimeter3 

X 10-7 /°C (0-300°C) 

oc 
X 10+6 psi 

oc 
oc 

Liquidus Viscosity poises 

0022



1 •• 

20 

Inasmuch as the sum of the individual constituents totals or very closely 

approximates 100, for all practical purposes the reported values may be deemed to 

represent mole percent. The actual batch ingredients may comprise any materials, 

either oxides, or other compounds, which, when melted together with the other batch 

5 components; wilLbe converted into the desired oxide in the proper proportions. For 

example, SrCO3 and CaCO3 can provide the source of SrO and CaO, respectively. 

The specific batch ingredients used to prepare the glasses of Table 1 were fine 

sand, alumina, boric acid, magnesium oxide, limestone, strontium carbonate or 

strontium nitrate, and tin oxide. 

10 The glasses of Examples 1-6, 9-11, 29-31, 33-34, 36-42, and 46-52 were 

prepared by melting 3,000 gram batches of each glass composition at a temperature and 

time to result in a relatively homogeneous glass composition, e.g., at a temperature of 

about l 600°C for a period of about 16 hours in platinum crucibles. In particular, the 

batch materials were ball-milled for one hour using ceramic media in a ceramic mill. 

15 The batch was transferred to an 1800 cc platinum crucible and loaded into a furnace at 

1600°C. After 16 hours, the crucible was removed from the furnace and the glass was 

poured onto a cold steel plate. When viscous enough to handle, the glass was 

transferred to an annealing oven at 725°C, held for one hour at this temperature, then 

cooled at 0.5°C/minute to room temperature. 

20 In Examples 7-8, 12-28, 32, 35, and 43-45, the melting was done in a laboratory 

scale, continuous, Joule-heated melter. Batches of the raw materia_ls massing 45.4 kg 

were weighed into a mechanical mixer and combined together for five minutes. An 

amount of water corresponding to about 0.25 kg was added to the mixture during the 

last 60 seconds of mixing to reduce dust generation. The mixture was loaded using a 

25 screw feeder into a ceramic-lined furnace with tin oxide electrodes and opposing 

burners firing over the melt surface. The power supplied by the electrodes was 

controlled by keeping the glass at a near-constant resistivity, corresponding to 

temperatures between 1590°C and 1610°C. The glass moved from the melter into a 

platinum-based conditioning system consisting of a high-temperature finer followed by 

30 a stir chamber. The finer and stir chamber temperatures were kept constant throughout 

the experiment, whereas the melt temperature of the ceramic-lined melter was allowed 

to vary with composition. The glass drained out of the stir chamber through a heated 
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orifice and was rolled into a ribbon approximately 5 mm thick and 30 mm wide. The 

glass from the ribbon was analyzed periodically for defects, which were identified, 

counted, and converted to defects per pound. Compositions were obtained from the 

ribbon via standard chemical methods, and physical properties were obtained as 

5 described below. 

The glass properties set forth in Table 1 were determined in accordance with 

techniques conventional in the glass art. Thus, the linear coefficient of thermal 

expansion (CTE) over the temperature range 0-300°C is expressed in terms of x 10-71°C 

and the strain point is expressed in terms of °C. These were determined from fiber 

10 elongation techniques (ASTM references E228-85 and C336, respectively). The 

density in terms of grams/cm3 was measured via the Archimedes method (ASTM 

C693). The melting temperature in terms of°C (defined as the temperature at which the 

glass melt demonstrates a viscosity of200 poises) was calculated employing a Fulcher 

equation fit to high temperature viscosity data measured via rotating cylinders 

15 viscometry (ASTM C965-81 ). The liquidus temperature of the glass in terms of °C was 

measured using the standard gradient boat liquidus method of ASTM C829-8 l. This 

involves placing crushed glass particles in a platinum boat, placing the boat in a furnace 

having a region of gradient temperatures, heating the boat in an appropriate temperature 

region for 24 hours, and determining by means of microscopic examination the highest 

20 temperature at which crystals appear in the interior of the glass. The liquid us viscosity 

in poises was determined from the liquidus temperature and the coefficients of the 

Fulcher equation. Young's modulus values in terms of Mpsi were determined using a 

resonant ultrasonic spectroscopy technique of the general type set forth in ASTM 

E1875-00el. 

25 As can be seen in Table 1, Examples 1-43 have densities, CTE's, strain points, 

and Young's modulus values that make the glasses suitable for use in display 

applications, such as AMLCD applications. Although not shown in Table 1, the glasses 

also have chemical durabilities suitable for these applications. In particular, Examples 

12, 13, 23 and 28 were each found to have 1 IOBHF values ofbetween 1.25 and 1.35 

30 milligrams/cm2 and HCl durabilities of between 0.5 and 0.8 milligrams/cm2
• The 

glasses of Examples 1-43 can also be formed using downdraw techniques, such as the 

fusion technique. Thus, they have liquidus temperatures less than or equal to 11 70°C 
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and liquidus viscosities equal to or greater than 100,000, and in most cases, equal to or 

greater than 150,000. 

Glasses having the compositions and properties shown in Examples 23 and 28 

are currently regarded as representing the most preferred embodiments of the invention, 

5 that is, as providing the best combination of properties for the purposes of the invention 

at this time. 

Examples 44 and 45 illustrate glasses which have liquidus viscosities less than 

100,000 poises. Example 44 was found to produce mullite upon crystallization, which 

is an undesirable liquidus phase for downdraw processes. The presence of this phase 

10 can be eliminated by a small increase in the L[RO]/[AhO3] ratio. More generally, in 

the compositional space of the present invention, localized regions exist where the 

liquidus phase is mullite. These regions can be easily recognized by persons skilled in 

the art from the present disclosure and avoided by small changes in the L[RO]/[AhO3] 

ratio. 

15 Example 45 has a MgO concentration close to the upper limit of3.0 mole 

percent. As noted above, as MgO increases, the liquidus temperatures initially go down 

but then increase. Example 45 illustrates this later effect. 

Examples 46-48 have L[RO]/[AhO3] ratios of less than 1.00 and thus have 

either a low liquidus viscosity (Example 46) or high melting temperatures (Examples 

20 47 and 48). Examples 48-52 have MgO concentrations less than 1.0 mole percent and 

thus have high or marginal melting temperatures (Examples 48-50) or high CTE's 

(Examples 51 and 52). 

Figure 3 illustrates the dramatic improvement in defect levels that can be 

achieved by switching the L[RO]/[AhO3] ratio of a glass from below 1.00 to above 

25 1.00. This graph shows the results of an experimental study done over a 30 day period 

in which the L[RO]/[AhO3] ratio was adjusted by increasing CaO and/or MgO at the 

expense of AhO3 and/or SiO2 • The triangular data points show the L[RO]/[AhO3] 

ratios on the various days of the experiment, and the solid circles show the number of 

inclusions per pound. As can be seen, as soon as the L[RO]/[AhO3] ratio broke 

30 through the 1.00 level, the inclusion level dropped by essentially two orders of 

magnitude and remained at low levels even with changes in CaO and/or MgO. 
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Throughout the experiment, the MgO concentration was greater than 1.0 mole percent 

and the SiO2 concentration was less than 71 mole percent. 

The glass of Example 23 was produced using a downdraw process, specifically, 

a full-scale fusion process, and was found to produce a population of 50 sequential 

5 glass sheets which had an average inclusion 1eveLofless than 0.05 gaseous 

inclusions/cubic centimeter, each sheet in the population having a volume of at least 

500 cubic centimeters. 

Although the invention has been described in detail for the purpose of 

illustration, it is understood that such detail is solely for that purpose and variations can 

10 be made therein by those skilled in the art without departing from the spirit and scope 

of the invention which is defined by the following claims. 
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TABLE 1 

Composition 1 2 3 4 5 6 
(mol¾) 

SiO2 68.80 68.64 68.95 68.95 68.98 68.98 
Al2O3 10.55 10.60 10.49 10.49 10.45 10.45 
B2O3 9.94 9.99 9.90 9.90 9.90 9.90 
Me:O 2.01 2.02 LOO 2.00 1.00 2.00 
CaO 8.13 8.18 9.09 8.09 9.10 8.10 
SrO 0.50 0.50 0.50 0.50 0.50 0.50 
SnO2 0.07 0.07 0.07 0.07 0.07 0.07 
L(RO]/[Al2O3] 1.01 1.01 1.01 1.01 1.01 1.01 

Properties 
Density 2.378 2.378 2.385 2.381 -- --
CTE 31.3 31.5 32.0 30.5 -- --
Strain Point 677 670 691 688 -- --
Youne:'s Modulus 10.6 10.6 -- -- -- --
Melting Temp. 1629 1641 1649 1645 1640 --
Liquidus Temp. 1165 1150 1165 1140 1145 1150 
Liquidus Viscosity 158000 235000 214000 370000 262000 --

Composition 7 8 9 10 11 12 
(mol¾) 

SiO2 69.41 68.91 68.44 68.59 68.75 69.25 
Al2O3 10.19 10.40 10.60 10.55 10.49 10.21 
B2O3 9.96 9.94 9.99 9.94 9.90 9.96 
MgO 1.87 1.98 1.21 1.21 1.20 2.04 
CaO 7.98 7.45 9.19 9.14 9.09 7.96 
SrO 0.52 1.25 0.50 0.50 0.50 0.51 
SnO2 0.07 0.07 0.07 0.07 0.07 0.07 
LrROllrAl2O3J 1.02 1.03 1.03 1.03 1.03 1.03 

Properties 
Density 2.365 2.390 2.384 2.383 2.386 2.366 
CTE 30.7 31.8 32.9 32.0 31.1 31.4 
Strain Point 664 665 680 674 689 664 
Young's Modulus -- -- 10.5 10.6 -- --
Meltine: Temp. 1641 1631 1628 1632 1646 1640 
Liquidus Temp. 1145 1120 1135 1140 1150 1150 
Liquidus Viscosity 263000 371000 294000 279000 273000 225000 
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TABLE 1 (continued) 

Composition 
13 14 15 16 17 18 (mol¾) 

SiO2 68.84 68.18 69.16 67.59 67.65 69.32 
Al203 10.42 10.69 10.28 11.06 11.06 10.17 
B2O3 9.94 10.04 9.88 9.84 9.74 9.86 
M2O 1.98 1.49 1.80 2.25 2.26 2.33 
CaO 7.42 8.84 8.30 8.65 8.67 7.74 
SrO 1.33 0.69 0.51 0.54 0.55 0.51 
SnO2 0.07 0.07 0.07 0.07 0.07 0.07 
~[RO]/(Al2O3] 1.03 1.03 1.03 1.03 1.04 1.04 

Properties 
Density 2.391 2.379 2.368 2.384 2.385 2.365 
CTE 32.3 32.5 31.1 31.5 31.6 30.4 
Strain Point 664 663 665 665 665 666 
Y oun2's Modulus -- -- -- -- -- --
Melting Temp. 1622 1621 1632 1612 1606 1635 
Liquidus Temp. 1105 1125 1125 1140 1135 1150 
Liquidus Viscosity 530000 305000 376000 195000 224000 217000 

Composition 19 20 21 22 23 24 
(mol¾) 

SiO2 69.06 68.64 68.01 68.46 69.28 69.08 
Al2O3 10.23 10.46 10.66 10.49 10.18 10.23 
B2O3 9.97 9.90 10.11 9.99 9.79 9.88 
M2O 1.87 1.82 1.84 1.84 1.85 1.88 
Cao 8.31 8.62 8.71 8.66 8.34 8.37 
SrO 0.49 0.49 0.60 0.49 0.49 0.49 
Sn02 0.07 0.07 0.07 0.07 0.07 0.07 

LJROl/rAI2O3l 1.04 1.04 1.05 1.05 1.05 1.05 
Properties 

Density 2.369 2.374 2.378 2.375 2.369 2.371 
CTE 31.2 31.5 32.3 31.5 31.l 31.2 
Strain Point 665 664 667 666 666 665 
Young's Modulus -- -- -- -- -- --
Meltin2 Temp. 1637 1624 1616 1619 1644 1621 
Liquidus Temp. 1130 1115 1130 1120 1145 1135 
Liquidus Viscosity 360000 408000 275000 363000 233000 243000 
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TABLE 1 (continued) 

Composition 25 26 27 28 29 30 
(mol¾) 

SiO2· 68.88 69.11 68.52 67.80 68.29 68.45 
AhO3 10.37 10.17 10.43 10.83 10.55 10.49 
B2O3 9.79 9.96 10.01 9.90 9.95 9.90 
MgO 1.96 2.22 1.21 2.18 2.51 2.50 
CaO 8.45 7.96 9.25 8.74 8.13 8.09 
SrO 0.48 0.51 0.51 0.48 0.50 0.50 
SnO2 0.07 0.07 0.07 0.07 0.07 0.07 
L{ROJ/{AI2O3) 1.05 1.05 1.05 1.05 1.06 1.06 

Properties 
Density 2.375 2.367 2.371 2.384 2.380 2.379 
CTE 31.8 31.1 32.2 32.1 31.8 30.8 
Strain Point 668 664 665 667 671 669 
Young's Modulus -- -- -- -- 10.7 10.6 
Melting Temp. 1630 1634 1627 1612 1633 1632 
Liquidus Temp. 1120 1115 1115 1120 1150 1165 
Liquidus Viscosity 408000 481000 448000 330000 219000 148000 

Composition 31 32 33 34 35 36 
(mol¾) 

SiO2 69.75 67.45 68.09 68.25 68.51 68.11 
Al2O3 10.70 10.88 10.55 10.49 10.30 10.44 
B2O3 8.16 10.02 9.94 9.90 10.03 9.85 
MgO 1.28 2.04 1.71 1.70 1.65 2.98 
Cao 9.58 9.00 9.14 9.09 8.93 8.05 
SrO 0.46 0.54 0.50 0.50 0.51 0.50 
SnO2 0.07 0.07 0.07 0.07 0.07 0.07 
L[RO1/fAl2O3) 1.06 1.06 1.08 1.08 1.08 1.10 

Properties 
Density 2.405 2.384 2.388 2.386 2.373 2.382 
CTE 32.9 32.7 31.4 32.6 32.6 31.0 
Strain Point 684 661 673 674 664 668 
Young's Modulus -- -- 10.6 10.6 -- 10.7 
Melting Temp. -- 1610 1619 1622 1640 1626 
Liquidus Temp. 1155 1135 1155 1150 1130 1170 
Liquidus Viscosity -- 200000 156000 177000 311000 122000 
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TABLE 1 (continued) 

Composition 37 38 39 40 
(mot%) 

SiO2 67.95 68.73 68.73 68.65 
Al2O3 10.49 IO.IO IO.IO 10.09 
B2O3 9.90 9.90 9.90 9.90 
M2O 3.00 1.00 2.00 1.10 
Cao 8.09 9.70 8.70- 9.69 
SrO 0.50 0.50 0.50 0.50 
SnO2 0.07 0.07 0.07 0.07 
~[ROJ/[Al2O3] 1.10 1.11 1.11 1.12 

Properties 
Density 2.385 -- -- 2.390 
CTE 30.7 -- -- 33.3 
Strain Point 671 -- -- 685 
Youn2's Modulus 10.7 -- -- --
Melting Temp. 1616 1637 1631 1644 
Liquidus Temp. 1155 1150 1150 1145 
Liquidus Viscosity 155000 201000 177000 269000 

Composition 41 42 43 
(mol%) 

SiO2 67.75 67.91 68.53 
Al2O3 10.49 10.44 10.04 
B2O3 9.90 9.84 10.04 
MgO 2.20 2.19 1.94 
Cao 9.09 9.05 8.90 
SrO 0.50 0.50 0.48 
SnO2 0.07 0.07 0.07 
DROl/rA120il 1.12 1.12 1.13 

Properties 
Density 2.390 2.393 2.373 
CTE 33.3 33.1 32.6 
Strain Point 670 668 661 
Young's Modulus 10.7 10.7 D 
Meltin2 Temp. 1611 1615 1620 
Liquidus Temp. 1145 1140 1115 
Liquidus Viscosity 173000 204000 362000 
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TABLE 1 (continued) 

Composition 44 45 46 47 48 
(mol%) 

SiO2 68.79 68.09 69.25 69.25 69.25 
Al203 10.41 10.86 10.79 10.79 10.79 
B2O3 9.92 9.80 9.90 9.90 9.90 
Meo 1.97 2.88 2.00 1.00 0.00 
Cao 7.81 7.77 7.49 8.49 9.49 
SrO 1.03 0.53 0.50 0.50 0.50 
SnO2 0.07 0.07 0.07 0.07 0.07 
L[ROl/[Al2O3l 1.04 1.03 0.93 0.93 0.93 

Properties 
Density 2.385 2.380 -- 2.364 2.385 
CTE 31.9 30.4 -- 29.6 31.3 
Strain Point . 666 669 -- -- --
Young's Modulus -- -- -- -- --
Meltine Temp. 1622 1615 1645 1688 1671 
Liquidus Temp. 1210 1200 1220 1200 1160 
Liauidus Viscositv 52000 59000 58000 137000 294000 

Composition 49 50 51 52 
(mot%) 

SiO2 68.98 68.73 68.45 68.45 -
Al2O3 10.45 10.10 10.19 10.09 
B2O3 9.90 9.90 9.90 9.90 
MeO 0.00 0.00 0.30 0.30 
CaO 10.10 10.70 10.59 10.69 
SrO 0.50 0.50 0.50 0.50 
SnO2 0.07 0.07 0.07 0.07 
L[ROltrAl20,I 1.01 I.I I 1.12 l.14 

Properties 
Densitv 2.394 2.375 2.397 2.395 
CTE 33.4 33.4 35.6 34.7 
Strain Point -- -- 686 685 
Young's Modulus -- -- -- --
Meltine Temo. 1674 1650 1637 1638 
Liquidus Temp. 1160 1160 1170 1160 
Liauidus Viscositv 246000 173000 143000 172000 
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What is claimed is: 

1. An alkali-free glass comprising in mole percent on an oxide basis: 

SiO2: 64.0-71.0 

AhO3: 9.0-12.0 

B2O3: 

MgO: 

CaO: 

SrO: 

BaO: 

wherein: 

7.0-12.0 

1.0-3.0 

6.0-11.5 

0-2.0 

0-0.1 

( a) 1.00 ::; L[RO]/[ AhO3] ::; 1.25, 

where [AhO3] is the mole percent of AhO3 and L[ROJ equals the sum of the mole 

percents ofMgO, CaO, SrO, and BaO; and 

(b) the glass has at least one of the following compositional characteristics: 

(i) on an oxide basis, the glass comprises at most 0.05 mole percent 

Sb2O3; 

(ii) on an oxide basis, the glass comprises at least 0.01 mole percent 

SnO2. 

2. The glass of Claim 1 wherein the glass has both compositional characteristics (i) 

and (ii). 

3. The glass of Claim 1 wherein: 

(a) the glass has compositional characteristic (i); and 

(b) · the glass has the further compositional characteristic that on an oxide 

basis, the glass comprises at most 0.05 mole percent As2O3. 

4. The glass of Claim 1 wherein: 

(a) the glass has compositional characteristic (ii); and 

(b) the glass has the further compositional characteristic that on an oxide 

basis, the glass comprises at most 0.05 mole percent As2O3. 
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5. The glass of Claim 1 wherein: 

(a) the glass has both compositional characteristics (i) and (ii); and 

(b) the glass has the further compositional characteristic that on an oxide 

basis, the glass comprises at most 0.05 mole percent As2O3. 

6. The glass of Claim 1 wherein on an oxide basis, SrO is at most 1.0 mole 

percent. 

7. The glass of Claim 1 wherein the glass has a density that is less than or equal to 

2.41 grams/cm3. 

8. The glass of Claim 1 wherein the glass has one or more of the following 

properties: 

(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 x 10-71°c ~ CTE ~ 34 x 10-71°c. 

9. An alkali-free glass comprising in mole percent on an oxide basis: 

SiO2: 64.0-71.0 

AlzO3: 9.0-12.0 

B2O3: 7.0-12.0 

MgO: 1.0-3.0 

CaO: 6.0-11.5 

SrO: 0-1.0 

BaO: 0-0.1 

wherein: 

L[RO]/[AlzO3] ~ 1.00, 

where [AbO3] is the mole percent of AlzO3 and 1:[RO] equals the sum of the mole 

percents ofMgO, Cao, SrO, and Bao. 
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10. The glass of Claim 9 wherein: 

L[RO]/[AhO3] ~ 1.25. 

11. The glass of Claim 9 wherein the glass has a density that is less than or equal to 

2.41 grarns/cm3
• 

12. The glass of Claim 9 wherein the glass has one or more of the following 

properties: 

(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 X 10-11°c ~ CTE ~ 34 X 10-11°c. 

13. The glass of Claim 9 wherein the glass has at least one of the following 

compositional characteristics: 

(a) on an oxide basis, the glass comprises at most 0.05 mole percent As2O3 ; 

(b) on an oxide basis, the glass comprises at most 0.05 mole percent Sb2O3; 

(c) on an oxide basis, the glass comprises at least 0.01 mole percent SnO2. 

14. The glass of Claim 13 wherein the glass has compositional characteristics (a) 

and (b). 

15. The glass of Claim 13 wherein the glass has compositional characteristics (a) 

and (c). 

16. The glass of Claim 13 wherein the glass has compositional characteristics (b) 

and (c). 

17. The glass of Claim 13 wherein the glass has compositional characteristics ( a), 

(b), and (c). 
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18. A method for producing alkali-free glass sheets by a downdraw process 

comprising selecting, melting, and fining batch materials so that the glass making up 

the sheets comprises SiO2, AliO3, B2O3, MgO, and CaO, and, on an oxide basis, has: 

(i) a 2:[RO]/[AliO3] ratio greater than or equal to 1.0, where [AliO3] is the 

mole_percent of A}iO3 and 2:[RO] is the sum of the mole percents of 

MgO, CaO, SrO, and BaO; and 

(ii) a MgO content greater than or equal to 1.0 mole percent; 

wherein: 

(a) the fining is performed without the use of substantial amounts of either 

arsenic or antimony; and 

(b) a population of 50 sequential glass sheets produced by the downdraw 

process from the melted and fined batch materials has an average gaseous inclusion 

level ofless than 0.05 gaseous inclusions/cubic centimeter, where each sheet in the 

population has a volume of at least 500 cubic centimeters. 

19. The method of Claim 18 wherein SnO2 is used in the fining. 

20. The method of Claim 18 wherein the glass making up the sheets is substantially 

free ofBaO. 
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ABSTRACT OF THE DISCLOSURE 

Glasses are disclosed which can be used to produce substrates for flat panel 

display devices, e.g., active matrix liquid crystal displays (AMLCDs). The glasses 

have MgO concentrations in the range from 1.0 mole percent to 3.0_moJe percent and 

:r[RO]/[AhO3] ratios greater than or equal to 1.00, where [AhO3] is the mole percent of 

AhO3 and :r[RO] equals the sum of the mole percents ofMgO, Cao, SrO, and BaO. 

These compositional characteristics have been found to improve the melting properties 

of batch materials used to produce the glass, which, in turn, allows the glasses to be 

fined (refined) with more environmentally friendly fining agents, e.g., tin as opposed to 

arsenic and/or antimony. 
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DECLARATION IN ORIGINAL APPLICATION U.S. Attorney Docket No.: ADP-231 (SP0S-073) 

As a below named inventor, I declare that: 

My residence, Post Office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and-joint inventor (if plural names-are listed .below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled·=FINING OF BOROALUMINO 
SILICATE GLASSES. 

The specification of which (check only one item below): 

[8J is attached hereto 

D was filed as United States Application Serial No. 60/694478 on June 28, 2005 and was amended 
on (if applicable) 

D was filed as PCT international application number , on , and was amended under PCT 
Article 19 on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations,§ 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119(a)-(d) or 
365(b) of any foreign application(s) for patent or inventor's certificate or 365(a) of any PCT 
international application which designated at least one country other than the Unites States, listed 
below and have also identified below any foreign application for patent or inventor's certificate, on 
the same subject matter, having a filing date before· that of the application on which priority is 
claimed: 

□ 
[8J 

Country: 

NONE 

Application No.: Filing Date: 

I hereby claim the benefit under Title 35 United States Code§ 119(e) and§ 120 of any 
United States application(s) or 365(c) of any PCT international application designating the United 
States listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Title 
35 United States Code§ 112, I acknowledge the duty to disclose material information as defined in 
Title 37 Code of Federal Regulations,§ 1.56 which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application: 

[8J Provisional No.: 60/694,4 78 Filed: 06-28-2005 Status: Pending 

□ Application No.: Filed: Status: 

□ PCT Application No: Filed: Status: 

□ NONE 
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- I request that any and all patents for said inventions be issued to CORNING, its successors, assigns 
and legal representatives, or to such nominees as CORNING may designate. 

I agree that, when requested, I will, without charge to CORNING and at CORNING's expense, sign 
all papers, tal,ce all rightful oaths, and do all acts which may be necessary, desirable or convenient for 
securing and maintaining patents for said inventions in any and all countries and for vesting title 
thereto in CORNING, its successors, assigns and legal representatives or nominees. 

I authorize and empower CORNING, its successors, assigns and legal representatives or nominees, to 
invoke and claim for any application for patent or other form of protection for said inventions filed 
by it or them, the benefit of the right of priority provided by the International Convention for the 
Protection of Industrial Property, as amended, or by any convention which may henceforth be 
substituted for said Convention or entered as a supplement to, and to invoke and claim such right of 
priority without further written or oral authorization. 

I hereby consent that a copy of this assignment shall be deemed a full legal and formal equivalent of 
any assignment, consent to file or like document which may be required in any country for any 
purpose and more particularly in proof of the right of CORNING, or its successors, assigns and legal 
representatives or nominees to claim the aforesaid benefit of the right of priority provided by the 
International Convention for the Protection of Industrial Property, as amended, or by any convention 
which may henceforth be substituted for it or entered as a supplement to it. 

I covenant with CORNING, its successors, assigns and legal representatives or nominees, that the 
rights and property herein conveyed are free and clear of any encumbrance, and that I have full right 
to convey the same as herein expressed. 
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(U.S. Regular Application) Attorney Docket No.: ADP-231 (SP0S-073) 

Signed at Coming, NY, this 

Date l l 

State of New York) 
: ss. 

County of Steuben) 

On the ~~ day o~ 2006, befo,e me pcrsonally came Adam J.G. Ellison known to be the pe,-,;on 
described in and who ex ed the foregoing instrument, and ackno edged that they executed the same. 

Betty L Davis 
Notary Public, State of New·York 
Qualified in Steuben County No. 01DA6146735 
My Commission Expires May 22, qOIO 

REST AVAILABLE COPY 
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ADP-231 (SP0S-073) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Adam J .G. Ellison 

Serial No: 

Filed: 

! Examiner: TBA 
I 

I 

j Group Art Unit: TBA 
I 

I 

! 
I 

For: FINING OF BOROALUMINO SILICATE 
GLASSES 

i 
i 
i 
i 

INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. §§ 1.56, 1.97 - 1.98 

Mail Stop Amendment 
Commissioner of Patents 
Alexandria, VA 22313-1450 

Dear Sir: 

The Examiner's attention is hereby directed to the following reference(s) listed on the attached 

Form PTO-1449 for consideration in connection with the examination of the above-identified patent 

application. t~lilfW.tmtth#koffii~s~r1«1fflr,tt:titg1~§j: 
This submission does not represent that a search has been made or that no better art exists and 

does not constitute an admission that each or all of the enclosed documents constitute "prior art." If it 

should be determined that any of the submitted documents do not constitute "prior art" under United 

States law, applicant(s) reserve the right to present to the office the relevant facts and law regarding the 

appropriate status of such documents. 

Applicant(s) further reserve the right to take appropriate action to establish the patentability of 

the disclosed invention over the enclosed references, should one or more of the references be applied 

against the claims of the present application. 

Respectfully submitted, 

Thomas R. Beall 
Registration No. 40,424 
Corning Incorporated 
SP-TI-03-1 
Corning,NY 14831 
607-974-3921 
Date: June 28, 2006 

Revision: August 30, 2002 
S:\CPi Forms\lDS Cover Adoc 

I hereby certify that this correspondence is being deposited with the 
United States Postal Service as first class mail in an envelope addressed 
to Mail Stop Amendment, Commissioner of Patents, P.O. Box 1450, 
Alexandria, Va 22313-1450 on June28 2006. 

Date of Deposit 

Thomas R. Beall 
Name of applicant, assignee, or 

oc~tiQ 
Signature 

June 28 2006 
Date of Signature 
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FORM PTO-1449 (MODIFIED) ATTORNEY DOCKET NO. SERIAL NO. 

LIST OF PA TENTS AND ADP-231 (SP05-073) 
PUBLICATIONS 

FOR APPLICANTS INFORMATION APPLICANT 
-DISCLOSURE STATEMENT Adam J.G. Ellison 

FILING DATE GROUP: 
TBA 

REFERENCE DESIGNA'FION U.S. PATENT DOCUMENTS 
- - Filing Date 

Examiner Document Number Date Name Class Sub- ifApprop. 
Initial Class -

AA 3,338,696 08-29-67 Stuart M. Dockerty 65 145 

AB 3,682,609 08-08-72 Stuart M. Dockerty 65 83 

AC 5,374,595 12-20-94 W.H. Dumbaugh et al. 501 66 

AD 5,785,726 07-28-98 W.G. Dorfeld et al. 65 134.1 

AE 5,824,127 10-20-98 James C. Bange et al. 65 90 
AF 6,128,924 10-10-00 James C. Bange et al. 65 90 

AG 6,319,867 11-20-01 Lisa C. Chacon et al. 501 66 

AH 
AI 
AJ 
AK 

FOREIGN PATENT DOCUMENTS 

Document Number Date Country Class Sub- Translation 
Class Yes 

AL RU642265 01-15-79 Russia X 

AM 
AN 
AO 
AP 
AQ 

OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.) 
AR 
AS 
AT 
AU 
AV 
AW 

EXAMINER: DATE CONSIDERED: 
EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609: draw line 
through citation if not in conformance and not considered. Include copy of this form with next communication to 
applicant. 

No 
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\ \ 
\ PATENT 

Attorney Docket No.: ADP-231 (SP05-073) 

IN THE UNITED STATES PATENT M1D TRADEMARK OFFICE 

Applicant: 

Serial No: 

Filed: 

Adam J.G. Ellison i Examiner: TBA 
i 

! Group A.rt- Unit: TBA 
I 

i 
i 
i 

Eor: FINING OF BOROALUMINO SILICATE 
GLASSES 

I 

I 

I 

! 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In addition to the prior art of record in this application, including the publications specifically 

mentioned in the application and/or listed in one or more forms PTO-1449 being submitted in this 

case, the Examiner's attention is also invited to the following non-art document(s) consisting of one 

or more co-pending U.S. patent applications assigned to the assignee of the present application: 

Serial No. A licant s Filin Date 
11/116,669 DeAngelis et al. 04/27/2005 

While the claims of the above-listed application(s) generaJJy relate to the ceramic arts, it is the 

position of the Applicant(s) that the claims of the present application cover only subject matter that is 

patentably distinct therefrom. 

Respectfully submitted, 

Thomas R. Beall 
Registration No. 40,424 
Coming Incorporated 
SP-TI-03-1 
Coming,NY 14831 
607-974-3921 

Date: June 28, 2006 

I hereby certify that this correspondence is being deposited with the 
United States Postal Service as first class mail in an envelope addressed to 
Commissioner for Patents, P.O. Box 1450, Alexandria, Va 22313-1450 
on June 28 2006 

Date of Deposit 

Thomas R. Beall 
Name of applicant, assignee, or 

Zfi:;E:tQ ~ 
Signature 

June28 2006 
Date of Signature 
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LIST OF PATENTS AND 
PUB LI CA TIO NS 

FOR APPLICANTS INFORMATION 
DISCLOSURE STATEMENT 

ADP-231 (SP0S-073) 

APPLICANT 
Adam J.G. Ellison 
FII:JNG DATE -GROUP: 

TBA 
REFERENCE DESIGNATION U.S. PATENT DOCUMENTS 

Examiner Document Date Name Class Sub-
Initial Number· Class 

AA 11/116,669 G. DeAngelis et al. 
AB 
AC 
AD 
AE 
AF 
AG 
AH 
AI 
AJ 
AK 

FOREIGN PATENT DOCUMENTS 

Document Date Country Class Sub-
Number Class 

AL 
AM 
AN 
AO 
AP 
AQ 

OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.) 
AR 
AS 
AT 
AU 
AV 
AW 

EXAMINER: DATE CONSIDERED: 

Filing 
- Date 
if Approp. 
04/27/05 

Translation 
Yes No 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with 
MPEP 609: draw line through citation if not in conformance and not considered. Include copy of 
this form with next communication to applicant. 
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Code: 

l. 

1035-41127 

Union of Socialist Soviet Republics 

USSR State ·Committee 
on Matters of Inventions and Discoveries 

DESCRIPTION OF INVENTION 
for Inventor's Certificate 642265 

Intl. Cl. 2 : 

UDC: 

Registration No.: 

Application Date: 

Disclosure Date: 

Publication Date of Description: 

GLASS 

Inventors: 

C 03 C 3/10 

666.112.7 

2401625/29-33 

September 15, 1976 

January 15, 1979, 
Bulletin No. 2 

January 15, 1979 

V. Kh. Nikulin, 
L. M. Prusakova, 
L. F. Yurkov, 
I. A. Levin, 
o. s. Nevrova and 
L. N. Finarev 

The invention relates to compositions of tungsten and 

molybdenum glasses, which are used, for example, in the 

manufacture of parts of three-phase metal halide lamps, the 
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envelopes of which must-have elevated for thermal stability and 
softening point. 

This glass can be used in electric, radio and lighting 

technology. 

There are known refractory glasses of the aluminosilicate 

system for joining to tungsten and molybdenum having the 

following composition, wt%: 

Si02 

Al203 

Cao and MgO together 

PbO 

54-65 

15-22 

7-30 

10 (1] 

2 

Closest in technical essence and end result to the described 
glass is a glass of the following composition, wt%: 

Si~ 55-70 

0-10 

13-25 

10-25 

where RO is at least one oxide from the group Mgo, Cao, sro, Bao 

[2). 

Shortcomings of these glasses are insufficient thermal 

stability and darkening along with solarization of the glasses 

during use. 

The goal of the invention is an improvement of thermal 

stability and prevention of solarization of the glass.· 

To achieve this goal, the known glass, which contains SiO2 , 

13io3 , Al2O3 , Cao, MgO and Bao, additionally contains at least one 

oxide from the group ASiO3 , SbiO3 , SO3 , SnO2 and CeO2 in the 

following ratio of components, wt%: 
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Si02 

B201 

Al2O3 

cao 
MgO 

Bao 
at least one oxide from the group As2~, Sn2O3 , SO3 , 

SnO2 and CeO2 , 

3 

55-65 

5-18 

10-19 

1-8 

0.5-4 

7-15 

o. 1-1.5 

Table 1 gives specific examples of glass compositions. 

The physicochemical properties of the glassese are given in 
Table 2. 

A batch of the above composition is weighed out in the 

following order: sand, barite, magnesium carbonate, chalk, boric 
acid, alumina, barium carbonate, antimony trioxide. 

The mixture is mixed in a rotary mixer for 5 minutes and 

tested for uniformity with respect to boric anhydride. 

Cooking of the glass is done in a gas furnace with a 

capacity of 1.8 tat 1570-1590°C. 

Items were made in the form of bead molds and tubes of 

various kinds as well as cylinders 110-120 mm in diameter and up 

to 750 mm long. 
The glasses have improved thermal stability, do not change 

light transmission in use, and also have improved technological 
properties: the tendency toward crystallization is reduced, 

which assures vacuum-tight joints with tungsten or molybdenum. 

This set of properties assures the production of articles, 

in particular cylinders for gas discharge lamps, that withstand 
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elevated therma1-loads (cylinder temperature to 600°C) and sharp 

changes of temperature (.,,ti.eff·heating is switched off and under 
the effect of atmospheric precipitation). 

Key: 1 
2 

Table 1-

- I ~oc:Taa CTeKr,a.uec.-'i 
01otcn1,1 l I 2 I 3 

s,o, s~.o 56,50 SS,!l 

S203 17,S 9,50 10.0 

At 2o1 17,0 17,00 17,5 
Cao 2.0 s.oo s. (I 
·MiO 1.0 2,50 2.s 
~ao 7,0 8,50 a.s 
Sno 2 il. 5 o.s 
_ceo2 o.s 
/.'!'.Jo1 0,35 
so1 0,6!; 

St,zo, -. 0.,5 

Oxides 
Composition of glass, wtt 

[ 4 

64.S 
s.o 

:.o,o 
4,5 
o.s 

15,0 

0,5 

4 
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Key: 1 
2 
3 
4 
5 
6 

Claims 

Table 2 • 

Cso:tc-::::~ (D ..!:C-:..<C.T.a~ CTeY.!!!1 
, CT8K0.1l I . 

~ ICJJTP lO TO, oC-4 

Tet.(nepaTYP . 
MftC--.eHIUI • °C 680 

• 'tept-,t~CTCAKQ 

· -rpaJl C 255 

Ha 
HM 

260 o. 
280 3,0 
JOO l 9., 1 
320 49,4 
340 72,5 
360 8).5 

Properties of g1asses 
Composition of glass 

38. 5' 

775 760 

2)2 225 

0 0 
0 C 
2.0 0 
19.2 2.0 
53.0 53.3 
77.0 83,0 

37,0 

820 

220 

0 
~ 
0 \ 

o.J 
ll.S 
73. 1 

coefficient of linear thermal expansion 10~, 0 C-1 

Softening point, 0 c 
Thermal stability, 0 c 
Light transmission, %, at wavelength, mm. 

5 

A glass that contains SiO2 , B2O3 , Al2O31 Cao, MgO, Bao, which 

is distinguished by the fact that, with the goal of improving 

thermal stability and preventing solarization of the glass, it 

additionally contains at least oxide f~om the group: As20 3 , Sb-z031 

SO3 , sno2 , ceo2 , in the following ratio of components, wt%: 

SiO2 

B-z03 

55-65 

5-18 

10-19 
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cao 
MgO 

Bao 

-·-······-·· ······-···-······ 

and at least oxide from the group As2~, Sb,03 , 

S03 , Sn02 , Ce02 , 

Sources of Information Considered in Examiner's Appraisal: 
1. British Patent No. 962568, cl. C 1 M, 1974. 

2. British Patent No. l.168270, cl. C 1 M, 1969. 

6 

l.-8 

0.5-4 

7-15 

0.1-l..5 
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@ High liquidus viscosity glasses for flat panel displays. 

@ This invention is related to glasses for use as substrates in flat panel display devices; more specifically, for 
use as substrates in LCDs which utilize polycrystalline silicon thin film transistors. The compositions for the 
inventive glasses are essentially free from alkali metal oxides and consist essentially, in mole percent, of 

SiO2 
Al20a 
8203 
TiO2 
Ta2Os 
Nb20s 

64-70 Y2O3 
9-5-14 MgO 

5-10 Cao 
0-5 SrO 
0-5 Bao 
0-5 MgO + CaO + SrO + BaO 
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0-5 
0-5 
3-13 
0-5.5 
2-7 

10-20. 
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This invention is directed to the production of glass compositions exhibiting high viscosities at their 
liquidus temperatures. More particularly, this invention is directed to such glasses demonstrating chemical 
and physical characteristics rendering them especially suitable for use as substrates in flat panel display 
devices. 

5 Liquid crystal displays (LCDs) are passive displays which depend upon external sources of light for 
illumination. They are manufactured as segmented displays or in one of two basic configurations. The 
substrate needs (other than being transparent and capable of withstanding the chemical conditions to which 
it is exposed during display processing) of the two matrix types vary. The first type is intrinsic matrix 
addressed, relying upon the threshold properties of the liquid crystal material. The second is extrinsic 

10 matrix or active matrix (AM) addressed, in which an array of diodes. metal-insulator-metal (MIM) devices. or 
thin film transistors (TFTs) supplies an electronic switch to each pixel. In both cases, two sheets of glass 
form the structure of the display. The separation between the two sheets is the critical gap dimension, of 
the order of 5-10 um. 

Intrinsically addressed LCDs are fabricated using thin film deposition techniques at temperatures 
15 ::.350 • C, followed by photolithographic patterning. As a result, the substrate requirements therefor are often 

the same as those for segmented displays. Soda-lime-silica glass with a barrier layer has proven to be 
adequate for most needs. A high performance version of intrinsically addressed LCDs, the super twisted 
nematic (STN) type, has an added requirement of extremely precise flatness for the purpose of holding the 
gap dimensions uniform. Because of that requirement, soda-lime-silica glass used for those displays must 

20 be polished or, alternatively, a precision formed, barium aluminoborosilicate glass marketed by Corning 
Incorporated, Corning, New York, as Code 7059 may be used without polishing. 

Extrinsically addressed LCDs can be further subdivided into two categories; viz., one based on MIM or 
amorphous silicon (a-Si) devices, and the other based on polycrystalline silicon (poly-Si) devices. The 
substrate requirements of the MIM or a-Si type are similar to the STN application. Corning Code 7059 sheet 

25 glass is the preferred substrate because of its very low sodium content. i.e., less than 0.1 % Na2 0 by 
weight, its dimensional precision, and its commercial availability. Devices formed from poly-Si, however, are 
processed at higher temperatures than those that are employed with a-Si TFTs. Substrates capable of use 
temperatures (taken to be 25 • C below the strain point of the glass) of 600 • -800 • C are demanded. The 
actual temperature required is mandated by the particular process utilized in fabricating the TFTs. Those 

30 TFTs with deposited gate dielectrics require 600 • -650 • C, while those with thermal oxides call for about 
800 • C. Both a-Si and poly-Si processes demand precise alignment of successive photolithographic 
patterns, thereby necessitating that the thermal shrinkage of the substrate be kept low. Those temperatures 
have mandated the use of glasses exhibiting higher strain points than soda-lime-silica glass and Corning 
Code 7059 glass in order to avoid thermal deformation of the sheet during processing. As can be 

35 appreciated, the lower the strain point, the greater this dimensional change. Thus, there has been 
considerable research to develop glasses demonstrating high strain points so that thermal deformation is 
minimized during device processing at temperatures greater than 600 • C, and preferably, higher than 
650°G. 

U. S. Patent No. 4,824,808 (Dumbaugh, Jr.) lists four properties which have been deemed mandatory 
40 for a glass to exhibit in order to fully satisfy the needs of a substrate for LCDs: 

First. the glass must be essentially free of intentionally added alkali metal oxide to avoid the possibility 
that alkali metal from the substrate can migrate into the transistor matrix; 

Second, the glass substrate must be sufficiently chemically durable to withstand the reagents used in 
the TFT matrix deposition process; 

45 Third, the expansion mismatch between the glass and the silicon present in the TFT array must be 
maintained at a relatively low level even as processing temperatures for the substrates increase; and 

Fourth, the glass must be capable of being produced in high quality thin sheet form at low cost; that is, 
it must not require extensive grinding and polishing to secure the necessary surface finish. 

That last requirement is most difficult to achieve inasmuch as it demands a sheet glass production 
so process capable of producing essentially finished glass · sheet, such as the overflow downdraw sheet 

manufacturing process described in U. S. Patent No. 3,338,696 (Dockerty) and U. S. Patent No. 3,682,609 
(Dockerty). That process requires a glass exhibiting a very high viscosity at the liquidus temperature plus 
long term stability, e.g., periods of 30 days, against devitrification at melting and forming temperatures. 

Corning Code 7059 glass, supra, is currently employed in the fabrication of LCDs. That glass. 
55 consisting essentially, in weight percent, of about 50% Si02, 15% B20s, 10% Al2Os, and 24% Ba0, is 

nominally free of alkali metal oxides. and exhibits a linear coefficient of thermal expansion (25 • -300 • C) of 
about 46 X 10-7 /· C and a viscosity at the liquidus temperature in excess of 600,000 poises (6 x 104 Pa• s). 
The high liquidus viscosity of the glass enables it to be drawn into sheet via the overflow downdraw sheet 

2 
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processing technique, but its relatively low strain point (-593 • C) is adequate only for processing a-Si 
devices and not for poly-Si devices. 

The glasses of U. S. Patent No. 4,824,808, supra, were designed to meet the requirements for use in 
fabricating poly-Si devices, including. the capability of being formed into sheet by the overflow downdraw 

5 sheet processing technique, and linear coefficients of thermal expansion as low as about 36.5 X 10-7 J • C 
(25 • -300 • C), such as to closely match that of silicon, thereby enabling a silicon chip to be sealed directly 
thereon, but their strain points were less than 650 • C. 

The glasses of U. S. Patent No. 4,409,337 (Dumbaugh, Jr.) .were also considered for. LCD substrates, 
but their long term stability against devitrification was teared to be insufficient for their use in the overflow 

10 downdraw sheet processing technique. _ 
The glasses of U. S. Patent No. 5,116,787 (Dumbaugh, Jr.) are essentially free from alkali metal oxides 

and MgO and demonstrate strain points of 655 • C and higher, with viscosities af the liquidus greater than 
1.5 X 105 poises (1.5 X 104 Pa• s). Although designed for use in the overflow downdraw sheet processing 
technique, their long term stability against devitrification was found to be marginal when employed in the 

15 process, some crystallization being formed in the glass during manufacture. Also, the linear coefficients of 
thermal expansion (25 • -300 • C) generally ranged in the upper 40s to low 50s X 10-7 / • C, undesirably high 
for matching that of silicon (-35 X 10-1 I· C). 

U.S. Patent No. 5,116,788 (Dumbaugh, Jr.) discloses other glasses exhibiting high strain points, i.e., 
greater than 675 • C, but having such relatively low viscosities at the liquidus temperature, viz., 20,000-

20 200,000 poises (2,000-20,000 Pa•s), as to be subject to devitrification when formed utilizing the overflow 
downdraw sheet processing technique. 

Finally, U. S. Patent No. 5,116,789 (Dumbaugh, Jr. et al.) describes other glass compositions dem­
onstrating strain points higher than 675 • C. but their linear coefficients of thermal expansion (25 • -300 • C) 
range from 45-62 X 10-7 / • C, too high to form a high temperature match with silicon. 

25 A recent advance in liquid crystal technology termed "chip-on-glass" (COG) has further emphasized the 
need for the substrate glass to closely match silicon in thermal expansion. Thus, the initial LCD devices did 
not have their driver chips mounted on the substrate glass. Instead. the silicon chips were mounted 
remotely and were connected to the LCD substrate circuitry with compliant or flexible wiring. As LCD device 
technology improved and as the devices became larger, these flexible mountings became unacceptable, 

30 both because of cost and of uncertain reliability. This situation led to Tape Automatic Bonding (TAB) of the 
silicon chips. In that process the silicon chips and electrical connections to the chips were mounted on a 
carrier tape, that subassembly was mounted directly on the LCD substrate, and thereafter the connection to 
the LCD circuitry was completed. TAB decreased cost while improving reliability and increasing the 
permitted density of the conductors to a pitch of approximately 200 um -- all significant factors. COG, 

35 however, provides further improvement over TAB with respect to those three factors. Hence, as the size and 
quality requirements of LCD devices increase, COG is demanded for those devices dependent upon the 
use of integrated circuit silicon chips. For that reason, the substrate glass must demonstrate a linear 
coefficient of thermal expansion closely matching that of silicon; i.e., the glass must exhibit a linear 
coefficient of thermal expansion (0 • -300 • C) between 32-46 X 10-7 /° C, most preferably 32-40 X 10-7 J • C. 

40 

Summary of the Invention 

The present invention is founded in the discovery of glass exhibiting linear coefficients of thermal 
expansion over the temperature range of O • -300 • C between 32-46 X 10-11 • C, strain points higher than 

45 650 • C, liquidus temperatures no higher than 1200 • C, liquidus viscosities greater than about 200,000 
poises (20,000 Pa• s), a weight loss of less than 2 mg/cm2 after immersion for 24 hours in an aqueous 5% 
by weight HCI solution at 95 • C, long term stability against devitrification at melting and forming tempera­
tures, and melting viscosities of about 200 poises (20 Pa• s) at less than 1675 • C, the glasses being 
essentially free from alkali metal oxides and consisting essentially, expressed in terms of mole percent on 

50 the oxide basis, of 

55 
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SiO2 64-70 Y2O3 0-3 
Al2O3 9.5-14 MgO 0-5 
8203 5-10 CaO 3-13 
TiO2 0-5 SrO 0-5.5 

5 
Ta2Os 0-5 Bao 2-7 

Nb20s 0-5 MgO + CaO + SrO + BaO 10-20 

Because of their deleterious effect upon the electrical properties of the glasses, the alkali metal oxides will 

10 most preferably be totally absent therefrom. 
Adherence to those composition intervals has been found to be vital in securing glasses demonstrating 

properties desired for LCD substrate glasses to be employed in poly-Si devices. To illustrate: 
If the SiO2 content is below 64%, the strain point will be too low and the resistance of the glass to 

attack by acid will be poor. On the other hand, when the concentration of SiO2 exceeds 70%, the glass 
15 becomes difficult to melt at customary glass melting temperatures. 

The level of Al2O3 is critical to obtain a minimum liquidus temperature; that is, if the concentration of 
Al2 O3 falls below 9.5% or exceeds 14%, the liquidus temperature can exceed 1200 • C. 

B2 O3 tends to improve the viscosity character of the glass thereby making it easier to process. Where 
the level of (½03 is less than 5%, the liquidus temperature becomes too high. At contents above 10% 

20 I½ Os, the resistance to attack by acid is sacrificed and the strain point becomes too low. 
The alkaline earth metal oxides modify the melting and physical properties of the glass. If the total 

thereof exceeds 20%, however. the linear coefficient of thermal expansion becomes too high. SrO and BaO 
raise the thermal expansion more than either MgO or CaO and. hence, will individually not exceed 7%. 
Because CaO also raises the thermal expansion, but at a slower rate than SrO or Bao. the total thereot 

25 ought not to exceed 13%. MgO appears to exert a beneficial effect upon the liquidus temperature at low 
levels, but, at concentrations greater than 5%, the liquidus temperature appears to rise. 

The inclusion of TiO2 is useful in lowering the coefficient of thermal expansion of the glass. The 
presence of Ta2Os not only lowers the coefficient of thermal expansion of the glass but also raises the 
strain point of the glass and significantly improves the chemical durability thereof. Nb20s and Y2Os appear 

30 to reduce the coefficient of thermal expansion of the glass and lower the liquidus temperature thereof. 

35 

40 

In the preferred glasses the level of Al2O3 will exceed that of 8203 and in the most preferred glasses 
the composition will consist essentially, expressed in terms of mole percent, of about 

SiOz 65-69 MgO 1-5 
Al2O3 10-12 Cao 3-9 
B2O3 7-10 SrO 1-3 
TiO2 0-3 Bao 2-5 

Ta20s 0-3 MgO + CaO + SrO + BaO 11-16 

wherein the ratio A'2 03: B2 Os > 1. The glasses will exhibit a linear coefficient of thermal expansion (0 • -
300 • C) of 32-40X10-7 f • C a liquidus temperature no higher than 1125 • C and a viscosity at the liquidus 
temperature greater than 600,000 poises (60,000 Pa•s}. 

45 Description of Preferred Embodiments 

Table I records a number of glass compositions, expressed in terms of parts by weight on the oxide 
basis, illustrating the compositional parameters of the present invention. Inasmuch as the sum of the 
individual constituents totals or very closely approximates 100, for all practical purposes the reported values 

so may be deemed to represent weight percent. The actual batch ingredients may comprise any materials, 
either oxides or other compounds, which, when melted together with the other batch components, will be 
converted into the desired oxide in the proper proportions. For example, SrCOa and CaCO3 can provide the 
source of SrO and Cao, respectively. 

The batch ingredients were compounded, tumble mixed together thoroughly to aid in producing a 
55 homogeneous melt, and charged into platinum crucibles. After placing lids thereon, the crucibles were 

moved into furnaces operating at temperatures of 1600 • -1650 • C. To assure the production of inclusion­
and cord-free glasses a two step melting procedure was used. In the first step the batch was melted for 
about 16 hours, stirred and then poured as a fine stream into a water bath, a process termed "drigagingn in 

4 
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the glass art. In the second step the finely-divided glass particles from the drigaging were remelted at 
1600 • -1650 • C for about four hours, the melts stirred in both directions (clockwise and counterclockwise), 
the melts thereafter poured onto steel plates to make glass slabs having dimensions of about 18" X 6" X 
0.5" (-45.7 X 15.2 X 1.3 cm), and those slabs transferred immediately to an annealer operating at about 

s 73o•c. 
Whereas the above description reflects a laboratory melting procedure, it must be appreciated that the 

inventive glasses are capable of being melted and formed employing large scale, commercial glass melting 
and forming equipment. Thus, the glasses are specifically designed to be drawn into thin sheet utilizing the 

. overflow downdraw sheet processing technique. For the experimental glasse.s. described herein, arsenic 
10 . and/or antimony in amounts of about 0-1 % and 0-0.5%, respectively, were added to each batch to perform 

their customary function as a fining agent. The small residual remaining in the glass has no substantial 
effect upon the properties of the giass. 

Table I also lists measurements of several chemical and physical properties determined on the glasses 
in accordance with techniques conventional in the glass art. Thus, the linear coefficient of thermal expansion 

15 (Exp.) over the temperature range O • -300 • C expressed in terms of X 10-7 / • C, and the softening point 
(S.P.), annealing point (A.P.), and strain point (St.P.) expressed in terms of • C, were determined by fiber 
elongation. The durability (Dur.) in HCI was determined by measuring the weight loss (mg/cm2 ) after 
immersion in a bath of aqueous 5% by weight HCI at 95 • C for 24 hours. 

The liquidus temperatures of the glasses were measured via two different methods. The standard 
20 liquidus method (Liq.) involves placing crushed glass particles in a platinum boat, placing the boat in a 

furnace having a region of gradient temperatures, heating the boat in an appropriate temperature region for 
24 hours, and determining by means of microscopic examination the highest temperature at which crystals 
appear in the interior of the glass. A second method termed the "meltback liquidus" (M.Liq.) contemplates 
placing a glass sample which has been precrystallized by holding at a temperature of 1000 • C for 24 hours 

25 in a platinum boat, heating the boat in an appropriate temperature region in a gradient furnace tor 24 hours. 
and then determining by microscopic examination the lowest temperature at which crystals are not 
observed in the interior of the glass. Generally, the liquidus temperatures measured by these two 
techniques do not differ by more than 50 • C, with the "meltback liquidus" typically being higher than the 
standard liquidus temperature. 

30 Table IA records the same glass compositions expressed in terms of mole percent on the oxide basis, 

35 

40 

45 

50 

55 

the content of the fining agents being omitted as their presence in the final glass is small and has no 
substantive effect upon the overall properties of the glass. 

5 
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TABLE I 

1 2 3 4 5 6 7 

5 Si02 57.0 57.3 56.8 59.3 55.0 59.2 55.8 
Al203 15.1 14.7 15.3 15.7 14.5 15.6 17.3 
B203 8.57 8.61 8.55 4.89 8.28 8.90 8.59 
MgO 0.70 0.70 0.70 0.73 0.68 0.73 0.702 
CaO 7.64 7.67 7.61 7.95 10.8 4.13 6.51 

10 SrO 1.80 1.81 1.80 1.87 1.74 1.87 1.81 
Bao 9.11 9.15 9.08 9.48 8.79 9.45 9.13 
As203 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Sb203 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Exp. 43.0 42.9 43.1 43.7 47.4 38.1 41.0 

15 S.P. 924 922 926 961 894 972 950 
A.P. 705 703 704 733 725 725 722 
St.P. 656 653 656 680 669 668 671 
Dur. 1.12 --- --- --- 1.94 1.88 ---
M.Liq. 1075 1080 1085 1150 1080 1070 1115 

20 
8 9 10 11 12 13 14 15 

Si02 57.1 57.1 59.1 58.5 57.2 57.8 56.4 59.4 
A'203 14.7 14.8 15.6 15.6 16.5 15.4 16.0 17.4 
B203 6.22 7.0 8.31 8.3 9.53 8.2 7.48 10.U 

25 MgO 0.285 0.432 1.42 1.42 0.73 1.4 1.38 1.45 
Cao 9.72 9.01 4.13 4.13 3.18 4.08 4.01 6.05 
SrO 0.733 1.11 1.87 1.87 1.87 1.84 1.81 ·0.09 
Bao 11.1 10.4 9.46 9.44 9.48 9.33 9.18 5.51 
Ti02 -- -- -- 0.69 1.38 -- -- --

30 Ta20s -- -- -- -- -- 1.87 3.68 --
Exp. 45.9 44.8 37.7 37.4 35.0 38 36.5 34.6 
S.P. 925 924 969 964 971 969 973 966 
A.P. 713 711 723 721 725 728 739 730 
St.P. 667 660 667 664 667 670 681 676 

35 Dur. 0.3 0.4 0.86 0.7 1.28 0.6 0.28 1.6 
M.Liq. 1095 1110 -- -- -- -- -- --
Liq. - -- 1065 1060 1090 1055 1055 1085 

*Impurity in BaCQ3 batch material. None purposely added. 

4() 
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TABLE IA 

1 2 3 4 5 6 7 

Si02 65.4 65.6 65.3 68:0 62.7 68.5 64.8 
Al203 10.2 9.9 10.4 10.6 9.8 10.7 11.8 

8203 8.55 8.5 8.5 4.8 8.1 8.9 8.61 
MgO 1.2 . 1 .. 2. 1.2 1..2 1.1 1.2 1.22 
CaO 9.4 9.4 9.4 9.8 13.2 5.1 8.1 
SrO 1.2 1.2 1.2 1.2 1.1 1.2 1.22 
BaO 4.1 4.1 4.1 4.2 3.9 4.3 4.15 

8 9 10 11 12 13 14 15 

Si02 65.8 65.7 68.1 67.5 66.5 67.7 67.3 66.7 
Al20s 10.0 10.0 10.6 10.6 11.3 10.6 11.2 11.5 

BiOs 6.19 6.95 8.26 8.26 8.96 8.29 7.71 9.70 
MgO 0.49 0.74 1.25 1.25 1.26 1.25 1.26 2.42 
cao 12.0 11.1 5.1 5.1 5.16 5.11 5.13 7.27 
SrO 0.49 0.74 1.25 1.25 1.26 1.25 1.26 --
Bao 5.02 4.7 4.27 4.27 4.32 4.28 4.29 2.42 
Ti02 -- -- -- 0.59 1.2 -- -- -
Ta20s -- -- -- -- -- 0.3 0.6 --

Example 5 illustrates how a glass with high Cao and low Si02 can result in high thermal expansion 
coefficients. 

Table II records a second group of glass compositions which were characterized more in depth, again 
expressed in terms of parts by weight on the oxide basis. Again, because the sum of the individual 
constituents totals or very closely approximates 100, for all practical purposes the values recited may be 
considered to reflect weight percent. And, in like manner to the compositions recorded in Table I, the actual 
batch ingredients may compri_se any materials, either oxides or other compounds, which, when melted 
together, will be converted into the desired oxide in the proper proportions. 

The batch ingredients were compounded, mixed together, melted, and shaped into glass slabs in 
accordance with the laboratory procedure outlined above for the glasses of Table I. 

Table II also lists the measurements of chemical and physical properties conducted on the several 
glasses along with two additional determinations not performed on the glasses of Table I. First, the melting 
temperature [Melt, in • CJ (defined as the temperature at which the glass melt demonstrates a viscosity of 
200 poises [20 Pa•s]) has been added, being calculated employing the Fulcher equation as fit to the high 
temperature viscosity data. Second, the liquidus viscosity (Vise), also calculated using the Fulcher equation 
coefficients, was added, expressed in terms of X 100,000 poises (10,000 Pa•s). The liquidus temperature 
reported was determined in accordance with the standard liquidus method (Liq.). Finally, in like manner to 
the glass compositions of Table I, fining of the glass was accomplished by including arsenic and/or 
antimony in the glass batch. · 

Table IIA reports the same glass compositions expressed in terms of mole percent on the oxide basis, 
the concentration of fining agent being omitted because the small residual therefrom has no substantive 
effect upon the overall properties of the glass. Example No. 16 is a laboratory remelt of Example No. 6. 
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TABLE II 

16 17 18 19 20 21 22 23 
5 

Si02 59.2 57.7 59.9 58.8 59.6 58.3 58.2 57.8 

A 1203 15.6 15.2 15.8 15.5 15.8 16.5 16.5 17.0 

B203 8.90 8.67 9.01 8.84 8.96 8.94 8.32 8.94 
10 MgO 0.73 0. 71 0.74 0.73 1.42 0.73 

CaO 4.13 6·;57 2.99 5.45 4. 18 4.15 4.14 4 .15 

SrO 1.87 1.82 l.89 l.86 1.88 1.87 1.87 1.87 

BaO 9.45 9.21 9.57 9.39 9.52 9.49 9.47 9.49 
15 

Exp. 37.5 42.0 36.2 39.5 37.2 38.1 37.l 37.2 
S.P. 973 937 992 972 989 980 972 979 

A.P. 721 707 730 722 732 731 730 735 

20 St.P. 662 656 669 666 672 673 673 677 

Dur. 0.62 1.04 0.52 0.63 0.52 0.72 1.1 I. 12 
Liq. 1065 1050 1085 110S 1070 1035 1020 1030 

Melt 1645 1560 1670 1644 1670 1632 1619 
25 Vise 21 8.8 22 6.7 32 58 79 

24 25 26 27 28 29 30 31 
30 

Si02 61.3 58.4 58.1 57.3 57.5 55.4 54.5 48.0 

Al203 14.4 17.1 16.5 16.5 12.5 16.0 16.3 12.8 

35 B203 9.8 9.85 7 .11 8.35 7.5 7.07 7.22 6.73 

MgO 1.42 1.43 2.8 2. 12 4.43 3.13 

Cao 3.95 3.97 4.13 4. 15 2.5 2.37 8.23 10.8 

SrO 3.65 3.67 1.87 1.88 7.01 8.58 
4() BaO 5.4 5.42 9.45 9.5 20.0 7.78 10.6 10.7 

Exp. 37.2 35.8 39.1 38.6 43.9 41.3 44.5 59.4 

S.P. 970 969 953 957 917 908 

A.P. 719 730 722 726 702 719 703 670 
45 

St.P. 664 674 670 676 653 674 657 627 

Dur. 1.8 0.62 0.88 0.39 0.9 2.69 2.9 

liq. 1050 1075 1055 1080 1242 1086 1042 

50 Melt 1610 1585 1595 1758 1475 

Vise 29 8.0 17 14.8 1.0 

55 
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TABLE II {Cont.) 
32 33 34 35 36 37 38 

5 Si02 57.5 57.2 58.2 57. I 55.69 57.3 57.3 

Al:03 18.2 18.6 18.4 17.6 19.6 19.0 17.9 

BZOJ 7.41 7.08 8.14 7.65 7.75 6.79 7.38 
HgO l.42 1.76 l.44 1.41 1.43 1.42 I.4i 

10 
Cao 4.13 4 .11 4.18 4. I 4.14 4.11 4.11 

SrO l.87 1.86 1.88 1.86 1.86 
Bao 9.45 9.41 9.57 12.1 9.49 9.43 10.l 

15 Exp. 36.9 37.2 34.9 38.1 37.6 36.6 37 .8 
S.P. 987 983 988 981 982 990 983 
A.P. 740 740 738 734 741 749 743 
St.P. 682 682 678 674 684 693 690 

20 Our. 0.7 0.78 0.83 0.77 l.84 0.66 0.64 

Liq. 1080 1100 1090 1035 1145 1155 1090 
Melt 1600 1582 1607 1597 1581 1589 1593 
Vise 14 8 12 >40 2.2 2.4 11 

25 TABLE II (Cont.} 
39 40 41 42 43 44 45 46 

.;. _ -
SiO: 56.3 56.8 57.2 55.8 56.4 55.3 55.5 55.7 

30 A 1Z03 18.3 18.4 18.6 17.7 17 .9 16.6 16.6 16.7 

B203 6.38 6.43 6.48 6.32 6.98 7.55 7.58 7.61 
MgO 1.39 1.4 1.41 1.38 1.39 2.07 2.08 2.08 

Cao 4.04 4.07 5.06 4.0 4.05 4.04 4.06 4.07 
35 

SrO 1.83 3;6 1.86 1.81 1.83 1.84 l.84 

Bao 11.83 9.33 9.4 13.0 13.4 9.26 9.3 9.33 

Ta205 2.79 1.87 0.94 

40 Nb205 0.56 I. 12 1.69 
Exp. 40.l 39.1 38.4 41.2 38.6 38.4 38.4 38. I 
S.P. 985 986 982 978 985 957 956 951 
A.P. 746 737 742 740 744 729 728 724 

45 St.P. 690 681 688 687 690 676 674 671 

Dur. 0.63 0.57 0.57 0.53 0.59 0.56 0.65 0.7 

Liq. 1130 1060 ll20 ll40 1080 1070 1065 1070 
Melt 1587 1597 1583 1586 1601 

50 Vise 4 30 4.5 2.6 14 

55 
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TABLE II (Concl.) 

47 48 49 50 51 
5 

Si02 55.9 55.4 55.6 55.9 56.0 

A 1203 16.8 16.6 16.6 16.7 16.8 

10 B203 7.64 7.56 7.6 7.63 7.65 

MgO 2.09 2.07 2.08 -2.09 2.1 

CaO 4.09 4.05 4.06 4.08 4.1 

SrO 1.85 l.83 1.84 1.85 1.85 
15 

BaO 9.37 9.27 9.31 9.35 9.38 
Ta205 2.79 1.87 0.94 

NbzOs 2.26 1.13 
20 Y20l 0.48 0.96 1.44 0.96 

Exp. 38.3 38.3 38.5 39.2 37.8 
S.P. g49 91:i! 959 958 955 

25 A.P. 724 733 731 733 728 
St.P. 671 680 679 681 676 

Our. 0.86 0.64 0.74 0.99 0.97 
Liq. 1065 1055 1065 1090 1090 

30 

TABLE IIA 

35 16 17 18 19 20 21 22 23 

Si02 68.5 66.4 69.5 68.2 69.4 67.7 67.3 67~3 

Al 203 10.7 10.3 10.8 10.6 10.8 11.3 11.2 11.6 
40 

8203 8.9 8.6 9.0 8.8 9.0 9.0 8.3 8.99 

MgO 1.2 1.2 1.3 1.3 2.5 1.27 

CaO 5.1 8.1 3.7 6.8 5.2 5.2 5.1 5.18 
45 SrO 1.2 1.2 1.3 1.2 1.3 1.3 1.3 1.27 

BaO 4.3 4.1 4.4 4.3 4.4 4.3 4.5 4.33 

50 

55 
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TABLE I IA f Cont.} 

5 24 25 26 27 28 29 30 31 

SiOl 69.0 66.7 66.5 66. 1 70.2 63.6 62.0 57.9 
A l 20i 9.52 11.5 11.] 11.2 9.0 10.8 l 1.0 9.1 

10 B:Pl 9.52 9.7 7.03. 8.31 7.9 7.0 7.0 7.0 
MgO 2.38 2.42 4.79 3.65 7.58 5.3 
CaO 4.76 4.85 5.07 5.13 3.27 2.91 10.0 14.0 

15 
SrO 2.38 2.42 1.24 1.26 4.66 6.0 

BaO 2.38 2.42 4.24 4.29 9.57 3.49 4.7 6.0 

20 

32 33 3! 35 36 37 

Si02 66.9 66.5 67.4 66.9 65.3 66.9 

25 AlZOJ 12.5 12.7 12.6 12.2 13.5 13.1 

B203 7.44 7.09 8. 12 7.74 7.83 6.84 
MgO 2.46 3.04 2.47 2.46 2.49 2.46 

CaO 5.15 5.11 5. 18 5. 15 5.21 5. 15 
30 

SrO 1.26 1.25 1.27 1.26 

BaO 4.31 4.28 4.33 5.56 4.36 4.31 

35 

TABLE llA (Cont.) 

40 38 39 40 41 42 43 

Si02 66.8 66.5 66.5 66.5 66.3 66.7 

A lZOl 12.3 12.7 12.7 12.7 12.4 12.4 
45 B201 7.42 6.5 6.5 6.5 6.48 7 .11 

HgO 2.45 2.44 2.44 2.44 2.44 2.44 

CaO 5.14 5.11 5.11 6.31 5.1 5.13 

50 
SrO 1.26 1.25 2.44 1.25 1.25 

Bao 4.6 5.47 4.28 4.28 6.05 6.14 

55 

11 

BNSDOCID: <EP __ 0607865A1_1_> 
0073



EP O 607 865 A1 

TABLE llA (Concl.) 

44 45 46 47 48 29 50 51 
5 

Si02 65.7 65.7 65.7 65.7 65.7 65.7 65.7 65.7 

AlZOl 11.6 11.6- 11. 6 11.6 11.6 11.6 11.6 l I. 6 

10 8203 7.74 7.74 7.74 7.74 7.74 7.74 7.74 7.74 
MgO 3.66 3.66 3.66 3.66 3.66 3.66 3.66 3.66 

Cao 5. 15 5.15 5 .15 5.15 5 .15 5.15 5.15 5. 15 
SrO 1.26 1.26 1.26 1.26 1.26 1.26 1.26 1.26 

15 
BaO 4.31 4.31 4.31 4.31 4.31 4.31 4.31 4.31 
Ta205 0.45 0.3 0.15 0.45 0.3 0.15 

Nb20s 0.15 0.3 0.45 0.6 0.3 
20 Y203 0.15 0.3 0.45 0.3 

Examples 28-31 illustrate glasses having compositions close to, but somewhat outside of, the inventive 
ranges. Thus, the Si~ and BaO concentrations are too high in Example 28; the level ot SiU2 is low and 

25 that of MgO too high in Example 29; the content of SiO2 is low in Example 30; and the amount of SiO2 is 
low and that of Cao too high in Example 31. 

Examples 16, 21, 22, 25, 26, and 27 constitute preferred compositions with Example 21 being the most 
preferred based upon its overall combination of chemical, physical, and melting properties. 

30 Claims 

1. A glass exhibiting a strain point higher than 650 • C, a linear coefficient of thermal expansion over the 
temperature range 0 • -300 • C between 32-46 x 10-7 / • C, and a weight loss of less than 2 mg/cm2 after 
immersion for 24 hours in an aqueous 5% by weight HCI solution, said glass being essentially free 

35 from alkali metal oxides and consisting essentially, expressed in terms of mole percent on the oxide 
basis, of 

SiO2 64-70 Y2O3 0-5 

40 
Al2O3 9.5-14 MgO 0-5 
B2O3 5-10 Cao 3-13 
Ti~ 0-5 SrO 0-5.5 
Ta20s 0-5 BaO 2-7 
Nb2Os 0-5 MgO + CaO + SrO + BaO 10-20. 

45 

2. A glass according to claim 1 wherein the liquid us temperature thereof is no higher than 1200 • C. 

3. A glass according to claim 1 wherein the viscosity thereof at the liquidus temperature is greater than 
so about 20,000 Pa.s (200,000 poises). 

4. A glass according to claim 1 wherein said glass exhibits a melting viscosity of about 20 Pa.s (200 
poises) at a temperature below 1675 • C. 

ss 5. A glass according to claim 1 wherein said glass exhibits a linear coefficient of thermal expansion 
between 32-40 x 10-7 / • C. 

6. A glass according to claim 1 wherein said glass consists essentially of 

12 
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SiO2 65-69 Y2O3 0-3 
Al2O3 10-12 MgO 1-5 
B2O3 7-10 Cao 3-9 
TiO2 0-3 SrO 1-3 

Ta2Os 0-3 BaO 2-5 

Nb2Os 0-3 MgO + CaO + SrO + Bao 11-16 

7. A glass according to claim 6 wherein the liquidus temperature thereof is no higher than 1125 • C. 

8. A glass according to claim 6 wherein the viscosity thereof at the liquidus temperature is greater than 
60,000 Pa.s (600,000 poises). 

9. Use of the glass according to any one of claims 1-11 as a substrate for a flat panel display device. 

10. Use of the glass, according to claim 5 or 6, as a substrate for a flat panel display device, wherein 
silicon chips are mounted directly on said glass utilizing "chip-on-glass" technology. 

13 
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Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 28 June 2006. 

2a)0 This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1-20 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)0 Claim(s) __ is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)[8J Claim(s) 1-20 are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 2008011 O 
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Application/Control Number: 11/478,493 

Art Unit: 4116 

DETAILED ACTION 

Election/Restrictions 

Page 2 

1. Restriction to one of the following inventions is required under 35 U .S.C. 121: 

I. Claims 1-17, drawn to a composition of alkali-free glass, classified in class 

501, subclass 70. 

II. Claims 18-20, drawn to a method for producing alkali-free glass sheets by 

a down draw process, classified in class 65, subclass 126. 

The inventions are distinct, each from the other because of the following reasons: 

Inventions I and II are related as product and process of use. The inventions can 

be shown to be distinct if either or both of the following can be shown: (1) the process 

for using the product as claimed can be practiced with another materially different 

product or (2) the product as claimed can be used in a materially different process of 

using that product. See MPEP § 806.05(h). In the instant case the glass composition 

could be used for a non-sheet making process, such as a batch process or a lens 

pressing process. Furthermore, if a plate of the material were made, it could also be 

produced in a materially different process, such as a process, which uses a forming 

process. Invention I could be used in any of the above mentioned processes to create a 

variety of glass products 

2. Restriction for examination purposes as indicated is proper because all these 

inventions listed in this action are independent or distinct for the reasons given above 
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and there would be a serious search and examination burden if restriction were not 

required because one or more of the following reasons apply: 

(a) the inventions have acquired a separate status in the art in view of their 

different classification; 

(b) the inventions have acquired a separate status in the art due to their 

recognized divergent subject matter; 

(c) the inventions require a different field of search (for example, searching 

different classes/subclasses or electronic resources, or employing different 

search queries); 

(d) the prior art applicable to one invention would not likely be applicable to 

another invention; 

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C. 

101 and/or 35 U.S.C. 112, first paragraph. 

Applicant is advised that the reply to this requirement to be complete must 

include (i) an election of a invention to be examined even though the requirement 

may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing 

the elected invention. 

The election of an invention may be made with or without traverse. To reserve a 

right to petition, the election must be made with traverse. If the reply does not distinctly 

and specifically point out supposed errors in the restriction requirement, the election 

shall be treated as an election without traverse. Traversal must be presented at the time 

of election in order to be considered timely. Failure to timely traverse the requirement 
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will result in the loss of right to petition under 37 CFR 1.144. If claims are added after 

the election, applicant must indicate which of these claims are readable on the elected 

invention. 

If claims are added after the election, applicant must indicate which of these 

claims are readable upon the elected invention. 

Should applicant traverse on the ground that the inventions are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record 

showing the inventions to be obvious variants or clearly admit on the record that this is 

the case. In either instance, if the examiner finds one of the inventions unpatentable 

over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C. 

103(a) of the other invention. 

3. Applicant is reminded that upon the cancellation of claims to a non-elected 

invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one 

or more of the currently named inventors is no longer an inventor of at least one claim 

remaining in the application. Any amendment of inventorship must be accompanied by 

a request under 37 CFR 1 .48(b) and by the fee required under 37 CFR 1 .17(i). 

Rejoining Practice 

4. The examiner has required restriction between product and process claims. 

Where applicant elects claims directed to the product, and the product claims are 

subsequently found allowable, withdrawn process claims that depend from or otherwise 

require all the limitations of the allowable product claim will be considered for rejoinder. 
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All claims directed to a nonelected process invention must require all the limitations of 

an allowable product claim for that process invention to be rejoined. 

In the event of rejoinder, the requirement for restriction between the product 

claims and the rejoined process claims will be withdrawn, and the rejoined process 

claims will be fully examined for patentability in accordance with 37 CFR 1.104. Thus, to 

be allowable, the rejoined claims must meet all criteria for patentability including the 

requirements of 35 U.S.C. 101, 102, 103 and 112. Until all claims to the elected product 

are found allowable, an otherwise proper restriction requirement between product 

claims and process claims may be maintained. Withdrawn process claims that are not 

commensurate in scope with an allowable product claim will not be rejoined. See MPEP 

§ 821.04(b). Additionally, in order to retain the right to rejoinder in accordance with the 

above policy, applicant is advised that the process claims should be amended during 

prosecution to require the limitations of the product claims. Failure to do so may result 

in a loss of the right to rejoinder. Further, note that the prohibition against double 

patenting rejections of 35 U.S.C. 121 does not apply where the restriction requirement 

is withdrawn by the examiner before the patent issues. See MPEP § 804.01. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Matthew E. Hoban whose telephone number is (571) 

270-3585. The examiner can normally be reached on Monday - Friday from 7:30 AM to 

5 PM EST. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Vickie Kim can be reached on (571) 272-0579. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

meh 

Nickie Kim/ 
Supervisory Patent Examiner, Art Unit 4116 
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ATTORNEY DOCKET NO.: ADP-231 (SP0S-073) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor: Adam J. Ellison 

Serial No: 11/478493 

Filing Date: June 28, 2006 

Title: FIN1NG OF BOROALUMINO 
SILICA TE GLASSES 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

! 
I 

i 
j 
i 
! Art Group Unit: 4116 
I 

i 

! Examiner: Matthew E. Hoban 
i 
j 

i RESPONSE 
! 
! 
I 

! 

RESPONSE TO EXAMINER'S RESTRICTION REQUIREMENT 

In the Office Action dated January 23, 2008, designated as Paper No. 20080110 

in the above-captioned applicftion, the Examiner issued a Restriction Requirement 

identifying the following groups of claims as being drawn to potentially distinct 

inventions: 

Group I. Claims 1-17, drawn to a composition of alkali-free glass, classified in 
class 501, subclass 70; and 

Group II. Claims 18-20, drawn to a method for producing alkali-free glass sheets 
by a down draw process, classified in class 65, subclass 126. 

Applicant hereby elects Group I, claims 1-17 without traverse. 

Revised:Decemberl,2007 
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Appl No.: 11/478493 
Response dated: January 29, 2008 
Office Action dated: January 23, 2008 

1. (Original) An alkali-free glass comprising in mole percent on an oxide basis: 

SiO2: 

AhO3: 

B2O3: 

MgO: 

CaO: 

SrO: 

BaO: 

wherein: 

64.0-71.0 

9.0-12.0 

7.0-12.0 

1.0-3.0 

6.0-11.5 

0-2.0 

0-0.1 

(a) 1.00 ~ L[RO]/[AhO3] ~ 1.25, 

where [AhO3] is the mole percent of AhO3 and L[RO] equals the sum of the mole 

percents of MgO, CaO, SrO, and BaO; and 

(b) the glass has at least one of the following compositional characteristics: 

(i) on an oxide basis, the glass comprises at most 0.05 mole percent 

Sb2O3; 

(ii) on an oxide basis, the glass comprises at least 0.01 mole percent 

SnO2. 

2. (Original) The glass of Claim I wherein the glass has both compositional 

characteristics (i) and (ii). 

3. (Original) The glass of Claim 1 wherein: 

(a) the glass has compositional characteristic (i); and 

(b) the glass has the further compositional characteristic that on an oxide 

basis, the glass comprises at most 0.05 mole percent As2O3. 

4. (Original) The glass of Claim I wherein: 

(a) the glass has compositional characteristic (ii); and 

(b) the glass has the further compositional characteristic that on an oxide 

basis, the glass comprises at most 0.05 mole percent As2O3. 

2 
Revised:Decemberl,2007 
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Appl No.: 11/478493 
Response dated: January 29, 2008 
Office Action dated: January 23, 2008 

5. (Original) The glass of Claim 1 wherein: 

(a) the glass has both compositional characteristics (i) and (ii); and 

(b) the glass has the further compositional characteristic that on an oxide 

basis, the glass comprises at most 0.05 mole percent As2O3. 

6. (Original) The glass of Claim I wherein on an oxide basis, SrO is at most 1.0 mole 

percent. 

7. (Original) The glass of Claim 1 wherein the glass has a density that is less than or 

equal to 2.41 grams/cm3. 

8. (Original) The glass of Claim 1 wherein the glass has one or more of the following 

properties: 

(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 X 10·11°c ~ CTE ~ 34 X 10·11°c. 

9. (Original) An alkali-free glass comprising in mole percent on an oxide basis: 

SiO2: 64.0-71.0 

AhO3: 9.0-12.0 

B2O3: 7.0-12.0 

MgO: 1.0-3.0 

CaO: 6.0-11.5 

SrO: 0-1.0 

BaO: 0-0.1 

wherein: 

3 
Revised: December I, 2007 
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Response dated: January 29, 2008 
Office Action dated: January 23, 2008 

where [AhO3] is the mole percent of AhO3 and L[RO] equals the sum of the mole 

percents of MgO, CaO, SrO, and BaO. 

10. (Original) The glass of Claim 9 wherein: 

L[RO]/[AhO3]::;; 1.25. 

11. (Original) The glass of Claim 9 wherein the glass has a density that is less than or 

equal to 2.41 grams/cm3. 

12. (Original) The glass of Claim 9 wherein the glass has one or more of the following 

properties: 

(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 x 10-11°c ::;; CTE ~ 34 x 10-11°c. 

13. (Original) The glass of Claim 9 wherein the glass has at least one of the following 

compositional characteristics: 

(a) on an oxide basis, the glass comprises at most 0.05 mole percent As2O3; 

(b) on an oxide basis, the glass comprises at most 0.05 mole percent Sb2O3; 

(c) on an oxide basis, the glass comprises at least 0.01 mole percent SnO2_ 

14. (Original) The glass of Claim 13 wherein the glass has compositional characteristics 

(a) and (b). 

15. (Original) The glass of Claim 13 wherein the glass has compositional characteristics 

(a) and (c). 

4 
Revised: December I. 2007 
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Appl No.: 11/478493 
Response dated: January 29, 2008 
Office Action dated: January 23, 2008 

16. (Original) The glass of Claim 13 wherein the glass has compositional characteristics 

(b) and (c). 

17. (Original) The glass of Claim 13 wherein the glass has compositional characteristics 

(a), (b), and (c). 

18. (Withdrawn) A method for producing alkali-free glass sheets by a downdraw 

process comprising selecting, melting, and fining batch materials so that the glass 

making up the sheets comprises SiO2, AbO3, B2O3, MgO, and CaO, and, on an oxide 

basis, has: 

(i) a L[RO]/[AhO3] ratio greater than or equal to 1.0, where [AhO3] is the 

mole percent of AhO3 and L[RO] is the sum of the mole percents of 

MgO, CaO, SrO, and BaO; and 

(ii) a MgO content greater than or equal to 1.0 mole percent; 

wherein: 

(a) the fining is performed without the use of substantial amounts of either 

arsenic or antimony; and 

(b) a population of 50 sequential glass sheets produced by the downdraw 

process from the melted and fined batch materials has an average gaseous inclusion 

level of less than 0.05 gaseous inclusions/cubic centimeter, where each sheet in the 

population has a volume of at least 500 cubic centimeters. 

19. (Withdrawn) The method of Claim 18 wherein SnO2 is used in the fining. 

20. (Withdrawn) The method of Claim 18 wherein the glass making up the sheets is 

substantially free ofBaO. 

5 
Revised: December 1, 2007 
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Appl No.: 11/478493 
Response dated: January 29, 2008 
Office Action dated: January 23, 2008 

Claims 1-17 remain in this application. Claims 18-20 have been withdrawn as a 

result of the restriction requirement. In view of the examiner's restriction requirement, 

Applicant retains the right to present claims 18-20 in a divisional application, or 

alternatively, rejoinder of claims as appropriate. 

Applicants believe that no extension of time is necessary to make this Response 

timely. Should Applicants be in error, Applicants respectfully request the Office grant 

such time extension pursuant to 37 C.F.R. § 1.136(a) as necessary to make this 

Response timely, and hereby authorizes the Office to charge any necessary fee or 

surcharge with respect to said time extension to the deposit account of the undersigned 

firm of attorneys, Deposit Account 03-3325. 

Please direct any questions or comments to Thomas R. Beall at (607) 974-3921. 

Respectfully submitted, 

Date: January 30. 2008 ~J A q_ ~ 
~-------------~ Tho~~ 

CERTIFICATE OF MAILING UNDER37 C.F.R. § 1.8: I 
hereby certify that this paper and any papers referred to herein are 
being deposited with the U.S. Postal Service, as first class mail, 
postage prepaid, addressed to Mail Stop Amendment, Commissioner 
for Patents, Al ·a, 2313-1450 on January 30 2008. 

Revised:Decemberl,2007 
6 

Registration No. 40,424 
Corning Incorporated 
Patent Department 
Mail Stop SP-TI-03-1 
Corning, NY 14831 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 
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APPLICATION AS FILED - PART I OTHER THAN 
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Office Action Summary 

Application No. 

11/478,493 

Examiner 

Matthew E. Hoban 

Applicant(s) 

ELLISON, ADAM J.G. 

Art Unit 

1793 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 04 February 2008. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1-17 is/are pending in the application. 

4a) Of the above claim(s) 18-20 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-17 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 6/28/2006. 6/28/2006 and 10/10/2006. 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20080320 
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Application/Control Number: 11/478,493 

Art Unit: 1793 

DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

Page2 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a whole 
would have been obvious at the time the invention was made to a person having ordinary 
skill in the art to which said subject matter pertains. Patentability shall not be negatived 
by the manner in which the invention was made. 

2. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under 35 

U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating obviousness 

or nonobviousness. 

3. This application currently names joint inventors. In considering patentability of the 

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 

claims was commonly owned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 

invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103( c) 

and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

4. Claims 1-17 rejected under 35 U.S.C. 103(a) as being unpatentable over Dumbaugh in 

5374595 in view ofNarita in 6,468,933. 
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The instant claims are directed to an alkali free glass with the following compositional 

characteristics: 

Based on mole percent on an oxide basis the glass is comprised of: 

SIO2: 64.0-71.0 
A1203: 9.0-12.0 
B203: 7.0-12.0 
MgO: 1.0-3.0 
CaO: 6.0-11.5 

SrO: 0-2.0 
BaO: 0-0.1 

Furthermore, the ratio between divalent oxides and aluminum is between 1 and 1.25. 

Page 3 

Several claims are also directed towards fining agents added to the composition. There are three 

different fining characteristics: 

a) <.05 mol¾ antimony oxide 

b) <.01 mol¾ tin oxide 

c) <.05% arsenic oxide 

One or more of these characteristics apply depending on the instant claim. 

The glass also has distinct properties, where it has a density less than or equal to 2.41 grams/cc 

and can also have one or more of the following properties: 
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(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (GTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 x 10-7/°C <GTE< 34 x 10-7/°C. 

Page4 

The claims are structured such that Claim 1 and 9 each include limitations regarding the 

composition, the ratio between RO and alumina, and the fining agents included in the 

composition. For the sake of brevity and transparency, these three different sets of 

limitations will be addressed individually below 

Regarding Claims 1, 6 and 9 (COMPOSITION): These claims include language 

directed towards the major oxide components of the glass. 

Dumbaugh et al teach a similar glass for use as a substrate in flat panel display 

devices, where his composition has overlapping ranges with the composition of the 

instant claims 1, 6, and 9. These ranges can be found in column 4 of their patent. 

Dumbaugh et al. fail to teach any examples or compositional ranges that are 

sufficiently specific to anticipate the compositional limitations of claims 1, 6, and 9. 

However, overlapping ranges have been held to establish prima facie obviousness. See 

MPEP 2144.05. 

0100



Application/Control Number: 11/478,493 

Art Unit: 1793 

Accordingly, it would have been obvious to one of ordinary skill in the art at the 

time the invention was made to have selected from the overlapping portion of the 

ranges disclosed by the reference because overlapping ranges have been held to 

establish prima facie obviousness. See MPEP 2144.05. 
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Claim 6 of the instant claims serves to further adjust the SrO level in the glass to below 1 mol¾; 

however, Dumbaugh's range of SrO is inclusive of0 mol¾ and he teaches that SrO is a CTE 

adjusting oxide. Thus adjusting this oxide would only have predictable results on the final glass 

composition. 

Regarding Claims 1, 9, 10 (RO/AL203 ratio): These claims include language regarding the 

ratio of the sum of divalent metal oxides to aluminum oxide. These claims specify that the ratio 

between these two must be between 1 and 1.25. 

As stated previously, Dumbaugh teaches overlapping ranges that create a prima facie case of 

obvious. Although his compositions may not be sufficiently specific to anticipate the 

compositional limitations of claims 1, 6 and 9, it is still possible to determine the ratio between 

divalent metal oxides and aluminum in his specific embodiments. The examiner analyzed the 

ratio between these two components and found that approximately 41 ofDumbaugh's 51 specific 

embodiments (taught in Table Ila) exhibited ratios between 1 and 1.25. Furthermore, Dumbaugh 

teaches a further limitation in his ranges found in column 4, where the summation of divalent 

metal oxides must be between 10 and 20 mol¾. From this recitation, one of ordinary skill would 
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delve that not only are the individual amounts of these oxides important, but also their 

summation. Based on these two facts, it would be considered obvious to one of ordinary skill in 

the art at the time the invention was made to have not only selected from the overlapping portion 

of the ranges as disclosed, but to also remain within the spirit ofDumbaugh's invention by 

maintaining the amount of divalent metal oxides relative to aluminum oxide. 

Regarding Claims 1-5, 9, 13-17 (FINING AGENTS): These claims include language 

regarding the fining agent added to the glass composition ( or have dependant claims associated 

to them regarding this aspect) 

The composition of Dumbaugh teaches the use of conventional fining agents such as arsenic 

oxide (See Column 6, first full paragraph). Dumbaugh thus does not disclose or make obvious 

the use of Tin oxide as a fining agent. 

However, Narita does disclose the use of tin oxide as a replacement fining agent for arsenic 

oxide. In the background of his invention (Section (2) Prior Art in Column 1) Narita explains 

that alkali free glasses, such as the one that is the subject of his teachings, as well as those of 

Dumbaugh, are typically used as a glass substrate for a liquid crystal display. An important 

aspect of these glasses is the creation of a glass without bubbles. This is done by adding fining 

agents, which generate a fining gas in the melt. This melting process is usually at a high 

temperature, due to the lack of alkali-oxides, so the selection of a fining agent is dependant on 

this fact. Previously, arsenic oxide was used as a fining agent, but as is commonly known and 
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also taught by Narita, arsenic oxide is very toxic and causes pollution. To solve this issue, Narita 

uses a Tin Oxide and Chloride instead of arsenic oxide (See Column 1, Lines 54-58). As can be 

seen in his examples as well as in Tables 2-5, tin oxide and chloride are added in an amount of 

.05-2 wt% and .005-1 wt% respectively. These figures in the context ofNarita's specific 

examples generally translate to .025-1 mol¾ and .005-1 mol¾, respectively. For example, 

composition 9 in Table 5 contains .9 wt% or .42 mol¾ tin oxide. As stated, Narita's 

compositions are substantially arsenic free, meaning they have less than .02 mol¾ Arsenic is 

present (See Column 3, Lines 56-60). Narita is silent as to the amount of antimony in the 

composition, but because tin oxide and chloride are the only fining agents, one of ordinary skill 

in the art would find it obvious that the amount of antimony would also be less than .05 mol¾. 

The fining agent ofNarita, Tin Oxide and Chloride, could be directly incorporated into the 

composition of Dumbaugh. Dumbaugh states that a possible fining agent in his composition is 

arsenic oxide, where Narita teaches his fining agents as a replacement for arsenic oxide. When 

combining these two references, only tin oxide and chloride would be used for fining in the same 

wt% as the teachings ofNarita, whose teachings teach an amount of tin oxide greater than .01 

mole percent, with no antimony oxide or arsenic oxide. This combination of fining agents makes 

obvious all fining characteristics found in claims 1-5 and 13-17. 

The combination of these teachings would produce less toxic gas during manufacturing, which 

would have been obvious motivation for one of ordinary skill in the art at the time the invention 

was made. Furthermore, these two fining agents (arsenic and tin oxide) according to Narita 
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perform entirely the same function, meaning that they are generally interchangeable and create 

no unexpected results. 

Regarding Claims 7 and 11: These claims are directed towards the density of the glass, which 

must be less than 2.41 glee 

Dumbaugh, as well as the combination ofreferences Dumbaugh in view ofNarita, fail to 

disclose the density found in instant claims 7 and 11. However, the composition of Dumbaugh 

in view ofNarita has overlapping ranges of components with the claimed glass; therefore, one of 

ordinary skill in the art would expect that the glass ofDumbaugh in view ofNarita would have 

this claimed property. 

Therefore , it would have been obvious to one of ordinary skill in the art at the time the invention 

was made to have a glass with the compositional characteristics as recited in claims 1 or 9 and a 

density less than 2.41 glee 

Regarding Claims 8 and 12: These claims are directed towards properties of the glass, where 

only one property must be present selected among a liquidus viscosity greater than 100,000 

poise, a strain point greater than 650 C, and a linear coefficient of thermal expansion of between 

28-34e-7 
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Dumbaugh teaches that the range of oxides of his glass, which can be seen in the table in column 

4 have distinct properties including a CTE of between 32e-7 and 46e-7, a strain point higher than 

650 C, a liquidus temperature no higher than 1200, and a liquidus viscosity greater than 200,000 

poise (See Column 4, Lines 19-32). 

In view of these properties, it is clear that the liquidus viscosity of the glasses of Dumbaugh 

meets the limitations of the instant claims. The addition of an interchangeable fining agent in 

place of arsenic oxide would not affect the liquidus viscosity to a substantial degree. 

Furthermore, the range of CTE for Dumbaugh' s range of glasses encompasses that of the instant 

claims. Dumbaugh specifically teaches that the thermal expansion of his glasses is affected by 

the amount of SrO, BaO, MgO, and CaO, where SrO and BaO have a more pronounced effect on 

this property. It would be well within the skill of one of ordinary skill in the art to optimize the 

CTE by altering the amounts of these components within the range designated by Dumbaugh. 

Therefore, the range of CTE's as claimed are obvious in light ofDumbaugh in view ofNarita. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Matthew E. Hoban whose telephone number is (571) 270-3585. 

The examiner can normally be reached on Monday- Friday from 7:30 AM to 5 PM EST. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

Page 10 

supervisor, Jerry Lorengo can be reached on (571) 272-1233. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Jerry A Lorengo/ 
Supervisory Patent Examiner, Art Unit 1793 

meh 
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PATENT 
Attorney Docket No.: ADP-231 (SP05-073) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Adam J.G. Ellison Examiner: TBA 

Serial No: Group Art- Unit: TBA 

Filed: 

Eor: FINING OF BOROALUMINO SILICATE 
GLASSES 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In addition to the prior art of record in this application, including the publications specifically 

mentioned in the application and/or listed in one or more forms PTO-1449 being submitted in this 

case, the Examiner's attention is also invited to the following non-art document(s) consisting of one 

or more co-pending U. S. patent applications assigned to the assignee of the present application: 

Serial No. A licant s Filin Date 
11/116,669 DeAngelis et al. 04/27/2005 

While the c1aims of the above-listed application(s) generally relate to the ceramic arts, it is the 

position of the Applicant(s) that the claims of the present application cover only subject matter that is 

patentably distinct therefrom. 

Respectfully submitted, 

Thomas R. Beall 
Registration No. 40,424 
Coming Incorporated 
SP-TI-03-1 
Coming, NY 14831 
607-974-3921 

Date: June 28, 2006 

I hereby certify that this correspondence is being deposited with the 
United States Postal Service as first class mail in an envelope addressed to 
Commissioner for Patents, P.O. Box 1450, Alexandria, Va 22313-1450 
on June 28 2006 

Date of Deposit 

Thomas R. Beall 
Name of applicant, assignee, or 

~;n;:a~ 
Signature 

June 28 2006 
Date of Signature 
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LIST OF PATENTS AND 
PUBLICATIONS 

FOR APPLICANTS INFORMATION 
DISCLOSURE STATEMENT 

ADP-231 (SP0S-073) 

APPLICANT 
Adam J.G. Ellison 
FIEING DATE -GROUP: 

TBA 
REFERENCE DESIGNATION U.S. PATENT DOCUMENTS 

Examiner Document Date Name Class Sub-
Initial Number· Class 

/IVl.t-1.! AA 11/116,669 G. DeAngelis et al. 
AB 
AC 
AD 
AE 
AF 
AG 
AH 
AI 
AJ 
AK 

FOREIGN PATENT DOCUMENTS 

Document Date Country Class Sub-
Number Class 

AL 
AM 
AN 
AO 
AP 
AQ 

OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.) 
AR 
AS 
AT 
AU 
AV 
AW 

EXAMINER. /Matthew Hoban/ DATE CONSIDERED. 

Filing 
- Date 
if Approp. 
04/27/05 

Translation 
Yes No 

03/28;2008 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with 
MPEP 609: draw line through citation if not in conformance and not considered. Include copy of 
this form with next communication to applicant. 
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[298] Attorney Docket No. : ADP-231 US PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Appl. No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

AMENDMENT 

This Amendment is submitted in response to the Office Action dated April 1, 

2008. Its contents are: 

(1) a listing of the claims of the application which includes the amendments 

to the claims being made by this Amendment-- page 2; and 

(2) applicant's Remarks -- page 7. 

Sub11?-itted herewith is a petition under 37 CFR § 1.136 and the required fee 

requesting a one month extension in which to file this Amendment. With the extension, 

this response is due on August 1, 2008. No further extension of time is believed to be 

necessary for the filing of this Amendment, but if such an extension of time is required, 

applicant requests that this be considered a petition therefor. The Director is hereby 

authorized to charge any fees which may be required for such an extension to Deposit 

Account No. 11-1158. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions of the claims in this 

application: 

Listing of Claims: 

Claim 1 (currently amended) An alkali-free glass comprising in mole percent on an 

oxide basis: 

SiO2: 

AhO3: 

B2O3: 

MgO: 

CaO: 

SrO: 

BaO: 

wherein: 

64.0-71.0 

9.0-12.0 

7.0-12.0 

1.0-3.0 

6.0-11.5 

0-2.0 

0-0.1 

(a) 1.00 :s; I:[RO]/[AhO3] :s; 1.25, 

where [AhO3] is the mole percent of AhO3 and I:[RO] equals the sum of the mole 

percents ofMgO, CaO, SrO, and BaO; and 

(b) the glass has at least eae of the follow4ag compositional characteristic 

that eha:raeteristies: 

(i) OB an mdele basis, the glass eom:19rises at most 0.05 mole pereeBt 

~(¾t 

00 on an oxide basis, the glass comprises at least 0.01 mole percent 

SnO2. 
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Claim 2 ( currently amended) The glass of Claim 1 wherein the glass has beHl the 

additional compositional characteristic that on an oxide basis, the glass comprises at 

most 0.05 mole percent Sbz{b. eharaeteristies (i) and (ii). 

Claim 3 ( canceled) 

Claim 4 (currently amended) The glass of Claim 1 wherein[[:]] 

(a) the glass has eempesitioaal eha.Faeteristie (ii); and 

Eb) the glass has the further compositional characteristic that on an oxide 

basis, the glass comprises at most 0.05 mole percent As2O3• 

Claim 5 (currently amended) The glass of Claim i [[1]] wherein[[:]] 

(a) the glass has hath e0mp0siti0aal eha.Faeteristies (i) and (ii); and 

Eb) the glass has the further compositional characteristic that on an oxide 

basis, the glass comprises at most 0.05 mole percent As2O3• 

Claim 6 (original) The glass of Claim 1 wherein on an oxide basis, SrO is at most 1.0 

mole percent. 

Claim 7 ( original) The glass of Claim 1 wherein the glass has a density that is less than 

or equal to 2.41 grams/cm3
. 

Claim 8 ( original) The glass of Claim 1 wherein the glass has one or more of the 

following properties: 

(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 x 10·11°c s; CTE S 34 x 10·11°c. 
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Claim 9 (original) An alkali-free glass comprising in mole percent on an oxide basis: 

Si 02: 64.0-71.0 

AhO3: 9.0-12.0 

B2O3: 7.0-12.0 

MgO: 1.0-3.0 

CaO: 6.0-11.5 

SrO: 0-1.0 

BaO: 0-0.1 

wherein: 

:E[RO]/[ AhO3] ~ 1.00, 

where [AhO3] is the mole percent of AhOJ and :E[RO] equals the sum of the mole 

percents ofMgO, CaO, SrO, and BaO. 

Claim 10 (original) The glass of Claim 9 wherein: 

:E[RO]/[AhO3]::;; 1.25. 

Claim 11 ( original) The glass of Claim 9 wherein the glass has a density that is less 

than or equal to 2.41 grams/cm3. 

Claim 12 ( original) The glass of Claim 9 wherein the glass has one or more of the 

following properties: 

(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 X 10·11°c ::;; CTE s; 34 X 10·11°c. 
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Claim 13 ( original) The glass of Claim 9 wherein the glass has at least one of the 

following compositional characteristics: 

(a) on an oxide basis, the glass comprises at most 0.05 mole percent As2O3; 

(b) on an oxide basis, the glass comprises at most 0.05 mole percent Sb2O3; 

(c) on an oxide basis, the glass comprises at least 0.01 mole percent SnO2. 

Claim 14 (original) The glass of Claim 13 wherein the glass has compositional 

characteristics (a) and (b). 

Claim 15 ( original) The glass of Claim 13 wherein the glass has compositional 

characteristics (a) and (c). 

Claim 16 (original) The glass of Claim 13 wherein the glass has compositional 

characteristics (b) and ( c ). 

Claim 17 ( original) The glass of Claim 13 wherein the glass has compositional . 

characteristics (a), (b), and (c). 

Claim 18 (withdrawn) A method for producing alkali-free glass sheets by a downdraw 

process comprising selecting, melting, and fining batch materials so that the glass 

making up the sheets comprises SiO2, AhO3, B2O3, MgO, and CaO, and, on an oxide 

basis, has: 

(i) a 1:[RO]/[AhOJ] ratio greater than or equal to 1.0, where [AhOJ] is the 

mole percent of AhO3 and 1:[RO] is the sum of the mole percents of 

MgO, CaO, SrO, and BaO; and 

(ii) a MgO content greater than or equal to 1.0 mole percent; 

wherein: 

(a) the fining is performed without the use of substantial amounts of either 

arsenic or antimony; and 
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(b) a population of 50 sequential glass sheets produced by the downdraw 

process from the melted and fined batch materials has an average gaseous inclusion 

level of less than 0.05 gaseous inclusions/cubic centimeter, where each sheet in the 

population has a volume of at least 500 cubic centimeters. 

Claim 19 (withdrawn) The method of Claim 18 wherein SnO2 is used in the fining. 

Claim 20 (withdrawn) The method of Claim 18 wherein the glass making up the 

sheets is substantially free of BaO. 
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REMARKS 

This is in response to the Office Action dated April 1, 2008. 

In the Office Action, the Examiner rejected applicant's Claims 1-17 as allegedly 

unpatentable under 35 U.S.C. §103(a) based on Dumbaugh et al. U.S. Patent No. 

5,374,595 in view ofNarita et al., U.S. Patent No. 6,468,933. Applicant respectfully 

traverses this rejection. 

As the predicate for the rejection the Examiner asserted that the compositional 

ranges of the present application overlap with the compositional ranges of the 

Dumbaugh patent: 

Dumbaugh et al teach a similar glass for use as a substrate in flat panel 
display devices, where his composition has overlapping ranges with the 
composition of the instant claims 1, 6, and 9. These ranges can be found 
in column 4 of their patent. (4/1/08 Office Action at page 4.) 

The Examiner acknowledged that "Dumbaugh et al. fail to teach any examples 

or compositional ranges that are sufficiently specific to anticipate the compositional 

limitations of claims 1, 6, and 9." (lg.) 

Applicant does not agree that overlapping ranges is a proper basis for an 

obviousness rejection. However, even if this were a proper basis, the Examiner has not 

established overlapping ranges between the claims of this application and the ranges 

disclosed in Dumbaugh. 

As acknowledged by the Examiner on page 3 of the Office Action, the claims of 

this application require a BaO concentration in the 0-0.1 mole percent range. 

Dumbaugh, on the other hand, specifies a BaO concentration range of 2-7 mole percent. 

(Dumbaugh et al. at column 4, line 38.) Accordingly, the glasses of this invention are 

very different from those of Dumbaugh et al. 

In addition to asserting overlapping compositional ranges, the Examiner made 

further assertions regarding others of the limitations of Claims 1, 6 and 9, as well as the 

limitations of the remainder of applicant's claims. Applicant does not agree with those 

assertions. However, given the fundamental distinction between applicant's claims and 
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the cited references detailed above, a discussion of the other limitations and their 

patentable significance is not believed necessary at this time. 

Submitted herewith is an Information Disclosure Statement with further 

references which applicant wishes to make of record in this application. One of those 

references, i.e., Nishizawa et al., PCT Patent Publication WO 2004/087597 

corresponding to U.S. Patent Publication No. US 2006/0003884, contains a comparative 

example whose composition, specifically, the example's B2O3 and SrO contents, lies on 

the periphery of the compositional ranges of applicant's original Claim 1. See the 

"Comp. Ex." of Table 1 on page 8 of the '884 publication. 

Nishizawa et al. plainly consider this comparative example to be unacceptable. 

However, to ensure that Claim 1 avoids this reference, applicant has amended Claim 1 

so that instead of being an optional limitation, the claim now requires a SnO2 content of 

at least 0.01 mole percent. Nishizawa et al.'s comparative example does not include any 

tin. Moreover, this example cannot render applicant's claims obvious since Nishizawa 

et al. use this example to illustrate what in their view, should not be done, i.e., 

Nishizawa et al. teach away from glasses having the composition of their comparative 

example. The remainder ofNishizawa et al.'s many examples are fully outside the 

compositional ranges of applicant's claims 

In view of the foregoing, applicant respectfully submits that this application is 

now in condition for allowance. Accordingly, reconsideration and the issuance of a 

Notice of Allowance for the application are respectfully requested. 

Date: 'I /;Jo f 

Respectfully submitted, 

~:D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 Burr Street 
Fairfield, CT 06824 
(203) 255-1400 
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PTOISB/22 (08-08) 

Approved for use through 08/31/2008. 0MB 0651-0031 
a_ U.S. Patent and Trademark Office· U S DEPARMENT OF COMMERCE 

Under the paperwork Red.Jction Aa ~ ... Bl!,Mcm•c:.,,1.91-"'-'l),r,are required to respond to a collection of information unless if displays a valid 0MB control number. 

Docket Number (Optional) PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 

FY2008 
(Fees pursuant to the Conso/ldatJKI ADoroprlat/ons Act, 2005 (H.R. 4818).) ADP-231 US 

Application Number 11/478,493 Filed June 28, 2006 

For FINING OF BOROALUMINO SILICATE GLASSES 

Art Unit 1793 Examiner M. Hoban 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

[x] 

□ 
□ 
□ 
□ 

One month (37 CFR 1.17(a)(1)) 

T..-.o months (37 CFR 1.17(a)(2)) 

Three months (37 CFR 1.17(a)(3)) 

Four months (37 CFR 1.17(a)(4)) 

Five months (37 CFR 1.17(a)(5)) 

D Applicant claims small entity status. See 37 CFR 1.27. 

00 A check in the amount of the fee is enclosed. 

Fee Small Entity Fee 

$120 $60 

$460 

$1050 

$1640 

$2230 

$230 

$525 

$820 

$1115 

D Payment by credit card. Form PTO-2038 is attached. 

$ 120.00 ------
$ _____ _ 

$ _____ _ 

$ ____ _ 

$ _____ _ 

D The Director has already been authorized to charge fees in this application to a Deposit Account. 

I]] The Director is hereby authorized to chan::ie any fees which may be required, or credit any overpayment, to 
Deposit Account Number 11-1158 . I have enclosed a duplicate copy of this sheet. 

WARNING: Information on this form may.become publlc. Credit card Information should not be Included on this form. 
Provide credit card Information and authorization on PTO-2038. 

I amthe □ 
□ 

applicant/inventor. 

assignee of record of the entire interest. See 37 CFR 3.71. 
statement under 37 CFR 3. 73(b) is enclosed (Form PTO/SB/96). 

[Kl attorney or agent of record. Registration Number ____ 3_0.....,,3_9_9 ___ _ 

□ attorney or agent under 37 CFR 1.34. 
Registration number if acting under 37 CFR 1.34 _______ _ 

~~ August 1, 2008 

Signature Date 

Maurice M. Klee, Ph.D. 08/05/2008 ij'gS\.~s-~il,0846 11478493 

Typed or printed name 01 FC:1251:felephone Number 128.01 OP 

NOTE: Si111aiures of all the inventors or assignees of record of the.entire interest or their representative(s) are required. Submit multiple forms if more than one 
signabJre is re(Jlired, see below. 

D Total of fonns are submitted. 
This collection of1nformat1on 1s required by 37 CFR 1.136(a). The information 1s req.ured to obtain or retain a benefit by the public v.h1ch 1s to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimate<! to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. 1ime v.ill vary depending upon the individual case. Arry 
comments on the amount of time you require to complete this form and/a suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, JlJexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance In completing the form, call 1~00..P~ 199 and select option 2. 
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Approved for use through 08/31/2008. 0MB 0651-0031 

U.S. Patent and Trademari< Office; U.S. OEPARMENT OF COMMERCE 
Under the paperwori< Reduction AfA. of 1995, no persons are required to respond to a collection ofinfonnation unless if displays a valid 0MB control number. 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 

FY2008 

Dockef Number (Optional) 

ADP-231 US 
(Fees pursuant to the Consolidated ADaroorlatlons Act. 2005 (H..R. 4818).) 

Application Number 11/478,493 Filed June 28, 2006 

For FINING OF BOROALUMINO SILICATE GLASSES 

Art Unit 1793 Examiner M. Hoban 

This i$.a reque$t under the provi!;iions -of ':37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
application, 

The requested extension and fee are as follo-.vs (check time period desired and enter the appropriate fee below): 

□ 
00 

□ 
□ -~ 

[xi 

□ 
□ 
□ 
□ 

One month (37 CFR 1.17(;a) (1)) 

Tv.o months (37 C:FR 1.17(a)(2)} 

Three months.(37 CFR 1.17(a)(3)j 

Four months (37 CFR 1.17(a)( 4)) 

Five months (37 CFR 1.17(a)(5)) 

Applicant claims small entity status. See 37 CFR 1.27. 

Fee Small Entify Fee 

$120 $60 

$460 $230 

$1050 $525 

$1640. $820 

$2230 $1115 

A check in the amount of the fee is enclosed. 

Payment by credit card. Form PT0-2038 is attached. 

$ 120.00 ------
$ 

$ 

$ 

$ 

The Director has already been·authorized to charge fees in this application to a Deposit Account. 

The Director is hereby authorized to charQe any fees which· may be required, or credit any overpayment, to 
Deposit,Account Number 1 i-1158 , I have enclosed a duplicate copy of this sheet. 

WARNING: Information' on this form may become publlc. Credit card Information should not be Included on this form. 
Provide credit card Information and.authorization on PTO~2038. 

I am the □ 
□ 

applicant/inventor. 

assignee of record of the entire .. interest. See 37 CFR 3.71. 
statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96). 

I]] attorney .or agent of record. Re~istration Number ____ 3_0.:..,3_99 ___ _ 

□ 
attorney or .agerit under 37 CFR 1.34. 

Registration number if acting under-37 CFR 1.34 _______ ___ 

~~~~ August 1, 2008 

Signature Date 

Maurice M. Klee, Ph.D. (203) 255-1400 

Typed or printed name Telephone Number 

NOTE: Sigiatures of all the inventors.or assignees of record of the.entire interest or their representative(s) are required. Submit multiple fonns if more than one 
signature is re(Jlired, see below. 

0 Total of fonns are submitted. 
llns collection of mformat,on ts required by 37 CFR 1.136(a). The iriformation is re(JJ1red to obtain or retain a benefit by the pubhc Yttt11ch 1s to file (and by.the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the.USPTO. nme Ylill vary depending upon the individual case. Afro/· 
comments on the amount of.time you require to complete this fonn and/or suggestions 'for reducing this burden, should be sent to the .Chief lnfonnation ·Officer, 
U.S. Patent andTrademari<Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 2231l-1450. 00 NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ·ca/11-800-PT0-9199 and select option 2. 
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PATENT 

~ 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Serial No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

In accordance with 37 CFR §1.56 and 37 CFR §l.97(c), applicant wishes to call 

the Examiner's attention to the references listed on the supplemental listing under 3 7 

CFR §l.98(a)(l) submitted herewith. 

Copies of the references listed thereon are submitted herewith, with the 

exception of the references which are U.S. patents and U.S. patent application 

publications (37 CFR § l .98(a)(2)(ii)). 

Pursuant to 37 CFR §l.97(c) and 37 CFR §l.17(p), a check for $180.00 is 

enclosed. The Director is hereby authorized to charge any additional fees which may be 

required by this paper, or credit any overpayment, to Deposit Account No. 11-1158. 

In addition to these references, applicant would also like to bring to the attention 

of the Examiner the following commercial glass that was sold by NHTechno Glass 

Corporation under the designation NA32 prior to the priority date of this application: 

Component Mol% 

SiO2 68.2 

AhOJ 10.3 

B2O3 9.8 

MgO 3.2 

CaO 7.0 

SrO 1.1 

BaO 0.01 

As2O3 0.29 
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The Examiner is respectfully requested to initial a copy of the supplemental 

listing under 37 CFR §1.98(a)(l) and return it to applicant to indicate consideration of 

the references listed thereon in connection with the prosecution of this application. 

Date: 8'/J/pg 
' 

Respectfully submitted, 

Maurice M. Klee, Ph.D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 Burr Street 
Fairfield, CT 06824 
(203) 255-1400 
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PATENT 

11 ~AoaAP.~+: 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Serial No. 
Filed 
For 
Examiner 
Group 

Examiner 
Initial 

Examiner 
Initial 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

SUPPLEMENT AL INFORMATION DISCLOSURE 
STATEMENT BY APPLICLANT 

1. 

2. 

3. 

4. 

5. 

(Listing Under 37 CFR §1.98(a)(l)) 

U.S. PATENT DOCUMENTS 

Document 
Number Date 

4,180,618 12/1979 

6,881,692 04/2005 

2006/0003884 01/2006 

FOREIGN PATENT DOCUMENTS 
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PROBLEM TO BE SOLVED: To provide alkaline-free glass having low density, high Young's 

modulus and low coefficient of expansion. 

SOLUTION: The alkaline-free glass consists of, by moI%, 60 to 75 SiO2, 1 to 16 Al2O3, 1 to 

20 B2O3, Oto 10 MgO, Oto 12 Cao, Oto 10 SrO, Oto 1.5 Bao and 0.05 to 5 Y2O3 and does 

not substantially contain alkali metal oxides. 
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1.This document has been translated by computer. So the translation may not reflect the 

original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]By mol % display of the following oxide basis, substantially 60 to 75% of SiO
2

, 1 to 

16% of aluminum
2
O

3
, 1 to 20% of B

2
O

3
, Alkali free glass which does not contain substantially 

an alkali metal oxide, O to 10% of MgO, 0 to 12% of Cao, O to 10% of SrO, O to 1.5% of BaO, 

0.05 to 5% of Y 
2
0

3
, ** and others. 

[Claim 2]The alkali free glass according to claim 1 whose density is below 2.55 g/cm3 and 

whose mean coefficient of linear expansion at 50-350 ** is below 34x10 ·11**. 

[Claim 3]The alkali free glass according to claim 1 or 2 which contains substantially neither 

P 
2
o

5 
nor PbO nor As

2
o

3 
nor Sb

2
O

3
. 

[Claim 4]The alkali free glass according to claim 1, 2, or 3 which temperature from which TL 

and viscosity serve as 10 4 poise in liquid phase temperature is made into T
4

, and is TL­

T4<=50 **. 

[Translation done.] 
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1.This document has been translated by computer. So the translation may not reflect the 

original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the lnvention]This invention relates to the suitable alkali free glass for substrates, such 

as a flat display and a photo mask. 

[0002] 

[Description of the Prior Art]Conventionally, characteristic (1) - (4) shown in the glass substrate 

used for a display, a photo mask, etc., especially the glass substrate in which thin films, such 

as an oxide, are formed in the surface below was demanded. 

(1) Don't contain an alkali metal oxide substantially. This is to prevent thin film characteristics 

from an alkaline metal being spread in said thin film from a glass substrate, and deteriorating. 

(2) A strain point is high. The process in which this forms said thin film is a high temperature 

process. 

It is for controlling contraction (heat contraction) of the glass substrate accompanying the heat 

modification and glazing structure stabilization of a glass substrate in this process. 

[0003](3) Have sufficient chemicals endurance to the various medicine used for semiconductor 

formation. Especially Buffered fluoric acid (fluoric acid+ ammonium fluoride; BHF) for etching 

of SiO or SiN , it is used for etching of the chloride used for etching of ITO (oxide of In and 
X X 

Sn), and a metal electrode -- be durable to acid (nitric acid, sulfuric acid, etc.) of other various 

kinds, and the alkali of resist removing liquid. 

(4) A bubble, a stria, inclusions (intension foreign matter), a pit (hollow), a crack, etc. should 

not be in an inside and the surface. 

[0004] 

[Problem(s) to be Solved by the lnvention]ln recent years, above-mentioned (1) characteristic 

[ which is shown below in addition to the characteristic of - (4)] (5) - (7) has come to be 

required. 

(5) Density is low. This is because the weight saving of the display is called for. 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd ... 8/1/2008 
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(6) Young's modulus is large. This is for desiring sheet metal-ization of the glass substrate for 

the weight saving of said display, and controlling the increase in a deflection of the glass 

substrate by this sheet-metal-izing. 

(7) A coefficient of thermal expansion is small. This is for enlarging rising-and-falling­

temperature speed in the heat treatment process of a display, and raising the productivity of a 

display. 

[000S]On the other hand in the Table 1 and 2 of JP,2000-44278,A, density 2.50-2.60g[/cm] 3, 

The glass for a display (conventionally henceforth glass) which Young's modulus is in 74.1 -

78.9GPa, and has a coefficient of thermal expansion in the range of 34.1 - 41.4x1 0 -7 /** is 

indicated. However, said glass whose coefficient of thermal expansion is still smaller 

conventionally than glass is called for for the productivity drive of a display, etc. This invention 

aims at offer of the alkali free glass which solves the above technical problem. 

[0006) 

[Means for Solving the Problem)Substantially this invention by mol % display of the following 

oxide basis 60 to 75% of SiO
2

, 1 to 16% of aluminum
2
o

3
, 1 to 20% of B

2
O

3
, Alkali free glass 

which does not contain substantially an alkali metal oxide, 0 to 10% of MgO, 0 to 12% of Cao, 

0 to 10% of SrO, Oto 1.5% of Bao, 0.05 to 5% of Y 
2
0

3
, ** and others, is provided. 

[0007] 

[Embodiment of the lnvention]As for the density d of the alkali free glass (glass of following this 

invention) of this invention, it is preferred that it is below 2.55g[/cm) 3. In 2.55 g/cm3 **, there is 

a possibility that the weight saving of a display may become difficult. Below 2.50 g/cm3 is 

below 2.45 g/cm3 especially preferably more preferably. 

[0008]As for the mean coefficient of linear expansion alpha at 50-350 ** of the glass of this 

invention, it is preferred that it is below 34x10 ·7/**. There is a possibility that rising-and-falling­

temperature speed in the heat treatment process of a display cannot be enlarged, at 34x10 -
7/more than**. Below 32x10 ·7/** is below 30x10 -7/** especially preferably more preferably. 

[0009]As for Young's modulus E of the glass of this invention, it is preferred that they are 72 or 

more GPa. In less than 72 GPa, there is a possibility that the deflection of the glass substrate 

by prudence of glass may become large. 74 or more GPa is 76 or more GPa especially 

preferably more preferably. 

[0010]As for the specific Young's modulus(= E/d) of the glass of this invention, it is preferred 

that they are 27 or more MNm/kg. In less than 27 MNm/kg, there is a possibility that the 

deflection of said glass substrate may become large. 29 or more MNm/kg is 30 or more 

MNm/kg especially preferably more preferably. 

[0011]As for the strain point of the glass of this invention, it is preferred that it is not less than 

650 **. There is a possibility that said heat contraction may become large too much at less 

than 650 **. Not less than 665 ** not less than 660 ** is not less than 675 ** most preferably 

http://www4.ipd1.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd ... 8/1/2008 
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especially preferably. 
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[0012]As for liquid-phase-temperature TL of the glass of this invention, it is preferred that it is 

1400 ** or less. There is a possibility of devitrifying at the time of glass Tsukuru, at more than 

1400 **. 1370 ** or less 1350 ** or less is 1300 ** or less most preferably especially preferably. 

(0013]As for "T L-T 
4

" in which viscosity subtracted temperature T 
4 

used as 10 4 poise from TL' 

it is preferred that it is 50 ** or less. At more than 50 **, the problem of devitrifying at the time 

of shaping arises, and there is a possibility that manufacture of glass may become difficult. 30 

** or less is O ** or less especially preferably more preferably. 

[0014]Next, the BHF-proof nature of the glass of this invention is described. When it is 

immersed for 20 minutes at 25 ** into the liquid which mixed to 9:1 the ammonium fluoride 

solution whose mass percentage display density is 40% about the glass of this invention, and 

the fluoric acid solution in which the display density is 50% by the volume ratio, it is preferred 

that the surface does not become cloudy. It is preferred that the mass reduction per unit 

volume of the glass for which it asked from the volume of glass and mass change of the glass 

by said immersion is below 0.6 mg/cm3
. 

[0015]Next, the acid resistance of the glass of this invention is described. When concentration 

immerses the glass of this invention at 90 ** for 20 hours into the hydrochloric acid aqueous 

solution which is 0.1 mol/1., it is preferred that nebula, discoloration, a crack, etc. do not arise 

on the surface. It is preferred that the mass reduction per unit volume of the glass for which it 

asked from the volume of glass and mass change of the glass by said immersion is below 0.6 

mg/cm3
. It is below 0.2 mg/cm3 more preferably. 

[0016]Substantially the glass of this invention by the mol % display of the following oxide basis 

64 to 74% of SiO
2

, 5 to 14% of aluminum
2
O

3
, 5 to 12% of B

2
O

3
, 0 to 6% of MgO, 0 to 10% of 

Cao, O to 6% of SrO, and O to 1.5% of BaO, It is preferred to contain substantially neither the 

alkali metal oxide, 0.05 to 3% of Y 
2
0

3
, ** and others, PbO nor P 

2
0

5 
nor As

2
O

3 
nor Sb

2
O

3
. 

[001 ?]Next, about the presentation of the glass of this invention, % [ mol % ] is only written and 

it is explained. SiO
2 

has an effect which is network former and makes d small, or an effect 

which makes a strain point high, and is indispensable. At more than 75%, glass dissolution 

becomes difficult or TL becomes high too much. It is 73% or less more preferably 74% or less. 

In less than 60%, alpha to which d becomes large and to which a strain point falls becomes 

large too much, or chemical durability falls. It is not less than 66% especially preferably not 

less than 64% more preferably not less than 62%. 

[0018]aluminum
2
O

3 
has an effect which stabilizes glass, and gets a strain point or enlarges E, 

and is indispensable. The BHF-proof nature to which TL becomes high too much at more than 

16% falls, or acid resistance falls. It is 13% or less more preferably 14% or less. At less than 

1 %, said effect becomes small too much. It is not less than 5% especially preferably not less 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran _web_ cgi_ ejje?atw _ u=http%3A %2F%2Fwww4.ipd... 8/1/2008 
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than 3% more preferably. 

[0019]8
2
0

3 
reduces TL which makes d small, which makes BHF-proof nature high and which 

makes glass dissolution easy, or has an effect which makes alpha small, and is indispensable. 

At more than 20%, E to which a strain point falls becomes small too much, or acid resistance 

falls. It is 9% or less especially preferably 12% or less more preferably 16% or less. At less 

than 1 %, said effect becomes small too much. It is not less than 5% especially preferably not 

less than 3% more preferably. 

[0020]Although MgO is not indispensable, in order to make glass dissolution easy or to enlarge 

E, it may contain to 10%. There is a possibility that TL becomes high too much at more than 

10% and that BHF-proof nature may fall or acid resistance may fall. It is 6% or less more 

preferably 8% or less. As for the content, when it contains MgO, it is preferred that it is 1 % or 

more. 

[0021]Although Cao is not indispensable, in order to enlarge E which makes glass dissolution 

easy or to stabilize glass, it may contain to 12%. There is a possibility that TL may become 

high too much at more than 12%, or alpha may become large too much. It is 6% or less 

especially preferably 8% or less more preferably 10% or less. As for the content, when it 

contains Cao, it is preferred that it is 1 % or more. 

[0022]Although SrO is not indispensable, in order to make glass dissolution easy or to stabilize 

glass, it may contain to 10%. There is a possibility that TL becomes high too much at more 

than 10% and that d may become large too much or alpha may become large too much. It is 

4% or less more preferably 6% or less. As for the content, when it contains SrO, it is preferred 

that it is 1 % or more. 

[0023]Although BaO is not indispensable, in order to control the phase separation of glass, or 

in order to reduce TL' it may contain to 1.5%. d becomes large too much at more than 1.5%. It 

is 1 % or less preferably. It is preferred not to contain Bao substantially to make d smaller. 

[0024]As for sum total MgO+CaO+SrO+BaO of the content of MgO, CaO, SrO, and BaO, it is 

preferred that it is 5 to 15%. There is a possibility that d or alpha may become large too much 

at more than 15%. It is 11 % or less more preferably 13% or less. In less than 5%, there is a 

possibility that the solubility of glass may fall or E may become small too much. It is not less 

than 7% more preferably not less than 6%. 

[0025]Y 
2
0

3 
has an effect which makes glass dissolution easy and enlarges E, and is 

indispensable. The BHF-proof nature to which TL becomes high too much at more than 5% 

falls, or acid resistance falls. It is 2% or less more preferably 3% or less. At less than 0.05%, 

said effect becomes small too much. It is 0.5% or more more preferably 0.1 % or more. 

[0026]Although the glass of this invention consists of the above-mentioned ingredient 

substantially, other ingredients may be contained in the range which does not spoil the 

purpose of this invention. As for the sum total of the content of an ingredient besides the 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd ... 8/1/2008 0137
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above, it is preferred that it is 15% or less. It is 10% or less more preferably. 

[0027]Next, an ingredient besides the above is described. In order to improve the solubility, the 

clarity, or the moldability of glass, Fe
2
o

3
, SO

3
, F, Cl, SnO

2
, and As

2
O

3
, Sb

2
O

3
, etc. may be 

contained to 5% in total. As
2
O

3
, Sb

2
O

3
, or PbO needs the management for an environmental 

measure etc., and it is preferred to contain neither from this viewpoint. P 
2
0

5 
has a possibility 

of reducing the chemical durability of glass, and not containing is preferred. 

(0028]In order to enlarge, E ZnO, TiO
2

, ZrO2, V 
2
0

5
, Cr 

2
0

3
, MnO, Coo, NiO, CuO, Ga

2
O

3
, 

GeO
2

, Nb
2
O

5
, MoO

3
, CeO

2
, Pr 20

3
, Nd2O

3
, Pm

2
O

3
, Sm

2
O

3
, Eu

2
O

3
, Gd

2
O

3
, Tb

2
O

3
, Dy

2
O

3
, 

Ho
2
O

3
, One or more sorts chosen from the group which consists of Er 

2
o

3
, Tm

2
O

3
, Yb

2
O

3
, 

HfO2, and Ta
2
O

5 
and WO

3 
may be contained. As for the sum total of such content, it is 

preferred that it is 10% or less. There is a possibility that d may become large too much at 

more than 10%. It is 2% or less especially preferably 5% or less more preferably. As for the 

sum total of said content, when it contains one or more sorts chosen from said group, it is 

preferred that it is 0.1 % or more. It is 1 % or more more preferably. It is preferred to contain 

these neither to make d smaller. 

[0029]Although the glass of this invention can be fabricated by float glass process, the down 

draw method, the pressing method, etc. to tabular, it is preferred that mass production 

fabricates with an easy float glass process. The glass of this invention can be manufactured, 

for example by the following methods. The raw material of each ingredient by which normal 

use is carried out is prepared so that it may become a target system, this is continuously 

supplied to a fusion furnace, and it heats and fuses at 1500-1600 **. This melting glass is 

fabricated to predetermined board thickness with a float glass process, and is cut after 

annealing. In this way, the obtained glass plate is used for one pair of glass substrates etc. 

which form the cell of a liquid crystal display. 

(0030] 

[Example]lt prepared so that it might become a target system which shows the raw material of 

each ingredient to the column from SiO2 of a table to ZnO by mol % display, and it dissolved at 

1600 ** using platinum crucible. In the dissolution, it agitated using the platinum stirrer and 

glass was uniformed. Subsequently, it was begun to pour melting glass and post forming 

annealing was carried out tabular. 

(0031 ]d (unit: g/cm3
) of the obtained glass, alpha (unit: x1 o·7 /**), E (unit: GPa), a specific 

Young's modulus (MNm/kg), a strain point (unit: **), T 
4 

(unit:**), TL (unit:**), BHF-proof 

nature, and acid resistance are shown in a table. 

[0032)With the simple hydrometer based on the Archimedes method, d measured T 
4 

the 

rotation viscometer, respectively by the method for which E is specified [alpha] to JIS-R3103 

by the differential thermal expansion meter (TMA) the strain point with the bending resonance 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd ... 8/1/2008 
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method. 
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[0033]T L held the glass grain which ground and obtained glass at 1100 ** for 17 hours, 

deposited the crystal inside the glass grain, and was calculated by investigating the 

temperature to which it heat-treats at various temperature next for 17 hours, and said crystal 

disappears. 

[0034]BHF-proof nature was evaluated by observing the surface of a glass substrate, after 

polished glass was immersed for 20 minutes at 25 ** into said mixed liquor of ammonium 

fluoride solution and fluoric acid solution. What is not cloudy was made into 0. 

[0035]Acid resistance was evaluated by observing the surface of a glass substrate, after 

polished glass was immersed at 90 ** into said hydrochloric acid aqueous solution for 20 

hours. The thing without change of appearance, such as nebula, was made into 0. 

[0036]It is an example, Examples 12 and 13 are glass conventionally, and Examples 1-11 are 

comparative examples. 

[0037) 

[Table 1) 

{?lj 1 f?l 2 ~J 3 eiiJ 4 f?1J 5 ~]6 ~17 

SiOo 67.0 69.0 71.0 66.0 70,0 66.0 70.0 

AL,O, 11.5 12.5 11.5 13.5 11.5 13.5 12.0 

B~O~ 11.0 7.0 8.5 12.0 9.0 12.0 8.5 

MgO 8.2 3.5 2.7 2.5 2.5 2.5 1.0 

CaO 8.2 3.5 2.7 2.5 2.5 2.5 6.0 

SrO 8.2 3.5 2.7 2.5 2.5 1.5 2.0 

BaO 0 0 0 0 0 1.0 0 

Y.O~ 1.0 1.0 1.0 1.0 2.0 1.0 0.5 

ZrOo 0 0 0 D 0 0 0 

ZnO 0 0 0 0 0 0 0 

d 2.455 2.499 2.442 2.442 2.492 2.468 2.426 

()! 29.3 31.5 27.4 29.2 29.3 30.8 29.9 

E 74.7 77.6 72.2 75.1 72.3 72.1 73.4 

E/d 30.3 31.1 29.6 30.8 29.0 29.2 30.3 

~~ 652 688 680 666 666 666 684 

T4 1296 1348 1368 1299 1347 1297 -

TL 1280 1310 1290 1310 1350 1280 -

iiitBHFii 0 0 0 0 0 0 0 

iiitftii 0 0 0 0 0 0 0 

[0038] 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd ... 8/1/2008 
0139



JP~2001-348247,A [DETAILED DESCRIPTION] 

[Table 2] 

{?1]8 {919 f?ll 1 o (?lj 1 1 

SiO. 70.0 70.0 72.0 70.5 

Al.Oq 11.0 11.0 9.5 10.5 

B.Oq 8,0 8.0 7.0 7.5 

MgO 6.0 4.0 2.0 2.5 

CaO 2.0 6.0 9.0 5.5 

SrO 2.0 0 0 2.5 

BaO 0 0 0 0 

Y.O. 1.0 1.0 0.5 1.0 

ZrO?. 0 0 0 0 

ZnO 0 0 0 0 

d 2.446 2.422 2.396 2.468 

0: 28.5 29.4 31.9 32.2 

E 77.5 76.2 74.4 74.8 

E/d 31.7 31.6 31.1 30.3 

~~ 675 680 687 680 

T4 - - -

TL - - - -

iliiBHFffl: 0 0 0 0 

iiit®lt 0 0 0 0 

[0039) 

Page 7 of7 

~1 2 f?ll 1 3 

65.2 68.3 

11.9 10.7 

7.3 7.9 

8.4 5.8 

3.0 2.0 

1.3 0.7 

2.0 3.8 

0.6 0 

0.3 0.6 

0 0.4 

2.490 2.510 

35.7 35.9 

76.1 74.3 

30.6 29.6 

686 671 

-
- -

-

- -

[Effect of the lnvention]The suitable glass substrate for various displays, a photo mask, etc. 

which do not contain an alkali metal oxide on parenchyma, but are a high strain point, high 

Young's modulus, low density, and a low expansion coefficient, and are excellent in BHF-proof 

nature and acid resistance can be provided. By using this glass substrate, the weight saving of 

various displays, a productivity drive, etc. can be planned. 

[Translation done.] 
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[ffl31<'Jfl3] P2O5, PbO, As2O3.t:lJ:'11Sb2O3 

'7:>\. )"ftl b~1t~t:*::W L,~\. )fflJ1<':JJl 1 it.:.li 2 t:::l1cl2 
17)~7 Jv/J lJ ff 7 7... 
[ffl31<'Jfl4] HUa-TL, fi!iJJEiil 0 4,r,'i;Q:;~Q 

Ua-T4 t l, "(' TL -T4 ~ 5 0"C-C•if>iffl31<Jfl L 
2 it.:.li 3 t:!~'1:>~7,vt.J 1J tt'3 ;,.,. 
[ ~BJJ 17)ii¥~~m BJJ] 
[0001] 
[~BJ117)~T¢ftffi:zi-ff] *~BJll.;J:, 7 7 "I 1-f -17..7' 
v1, 7:::t r-77..:7~17)fft:::1«~~~7,1,,t.J IJ#':17.. 
t:lffl-t Q. 

[0002] 
[Ul7)ttffi] :ff€.*, f-17-.7'v1, 7 :::t r-7 7..:7~t: 

ffl\.)t:,tlQ#':7 7..~t&, ~t:~ffit:IHl::~'7:>tilffb'iffl' 
~~tl~ilf '7 7..~t&t:l.i, ixt:jf-i"M ( 1 ) ~ ( 4) 
t.1~31< ~ tl -c \, )'/.:. • 
( 1 > ~•~t:::7,vt.J 1J1riSIHl::%Ja-*::WL-~\.).::. t. 

.::.n1.i, ff '7 ;,.,~tfiiJ) t:> mctiffii:f:rt::: 7 ,1,,t.J lJ 1ri&;iJ11JJ.: 

flt t., -Ctiffi~ttiJ•~11::-t i.::. t a-Wi.1.1:-t i t.:.~-C•if> i. 
( 2) liiJ~\,).::. c • .::.nl.i, mctiffia-W~-tiI 

ffliJ~i&Iffl-C•if> f'J , .::. '7:>Ifflt:t::iit Q :fl 7 ;t..ff'7:>~ 
~'Wt::lJ:'11:f/7 7,.ffl~!Ji:~11::t:f#-3 #'7 ;t,.ffl7)~tffl 
( ~~tffl) a-ffllffi!J-t Q t.:.~"(·iY) Q. 
[ o o o 3 l ( 3) ~#:W~t:Jfl\.,t:,ni:g.u&'ltt: 

X t., -c1t::zr~ft~Wf P-.tta-1fi" Q.::. t. ~t: s i 0 1 ~ 

S i N 1 17).:.t. ·:,1-:Y:1''1:>t.:.~17)1, •:, 7 r- ~ 7 ·:di ( 7 
•:,mt+7•:,1l::7:Y::C.::.'7A; BHF), ITO (Int 
s nl7)ftit11::%J) 17).:.t.•:,1->':1't:ffl\.,t:,tl,Mi!b, 1ri~'llt 
:fil7).:.t. •:, 7' >':1't:ffl\,, t:>ni -f 17)flh:g.ffll7)ftit ( illi~, lit 
n > , t::iJ:Yv YA J-jJlift~'7:>71vt.J 1n:x L -cwtP-. 
fl:i?)if) Q.::. t . 
(4) J;l;JfflI.t:lJ:Y~ffit:~, M, 1 :Y:71v-Y:1 >' 
(f;l;Jt!!.~%1), t.'•:, I- (<l;J:",7j.), ~.::(~iJ,~\.,.::.c. 
[0004] 
r~aJJt.i-WLJ: -3 t-tifflml 3li:1f., J:.ic < 1 > ~ 

!(2) 001-348247 (P2001-348247A) 

( 4 ) '7:>~ttt:1Jai., o::t:jf--t~tt ( 5 ) ~ ( 7 ) !>I! 
31<~tli J: -3 t:~"? -c ~ t.:.. 
( 5) WJJEiJ,1J,~\.).::.t • .:nli, -r-17-.7°v1'1:>U 

1tiJ>J1<'~ t:, tl -c \.) i 7J) t:, -c• if> i • 
< 6 > -\">':1'*n'*~ \, ).: t . .:nl.i, mc-r -1 ;,.,71.,, 

1 '1:>011::'1:>t.:.~t::f/7 ;t.,ff<7)ft11::iJ~itL-Ct::l 
f'J, .: 17)titfi1tt::J: i #'7 ;,.,~tf117)t.:.v,7j.Jl1.ma-JPtiJ-t 
Q t.:.~-C•if> Q. 

( 7) ~Jw~JHJ~iJ<,J,~\.)C: t. .:tLl.i, -r-17..7'v1 
Q)~fflt::t::i1tiJ1.~il!Ua-*~ < L -r -1 7-.7' 
v117)littt:-~J:.~~it.:.~~if>i. 
rooos1-n,~~2000-4421al7)~1t::i 

J:tf~2t:liWJ.lt.1'>2. 50~2. 60g/cm3,-\" 
>':1'*iJ'7 4. 1 ~ 7 8. 9 GP a, ~Jw~.IH~lt:li3 
4. 1~41. 4x10-1/°Ci?)~lffit:::if>i-r-17..7'v 
1 Jflff :17.. ( J;J'"fU# '7 7-. t \.) -3 • ) iJ>~jf-~ tL -C \.) 
i. L-iJ) L, -r -1 ;,.,7•1,,1 '7:>lltt~J:.~Q)t.:.~t:::ffllgc 
Uff :17.. J: f'J !> ~ t:, t:~Jw•HHJ~'1:>1J,~ \. )/j'J 7-.7J'31<' 
~t:,tl "(\, ),Q. *~BJll.;J:, !,::lJ:.17)ffllla-W-ti~7,1,, 
/J lJ #':7 7..'7:>m~a- El~t-t i. 
[0006) 
[ ffllla-M#!i" Q t.:.¥>17)-:J=.~) *~BJl!i, '"ficlHl::%1~ 

if!Q)::c: iv% ~-=r--c·~w~ t::, 
s i 02 6 0~7 5%, 
Al 203 1 ~ 1 6%, 
8203 1~20%, 
MgO 0~ 1 0%, 
Cao 0~12%, 
SrO 0~ 1 0%, 
BaO 0~l. 5%, 
Y2O3 0. 05~5%, 
:lpt:,~ "rJ, i'Jv/J lJ 1riSfflt11::%Ja-~W~t:*1f L'i'~ ,~ 
11vt.J tJ #':77-.a-m~-t i . 
[0007) 
[~BJll7)~nfgl7)ffl;~] *~B}JQ)~i'Jv/J l) /j7;t., (!,::J.'"f 

*~l:IJ117):fj7;t.,) '7:>WJ.ldl;l:2. 5 5 g/ C m3!,::l'"f-C• 
if>t.:, b;i:tffi l,~ ). 2. 5 5 g / c m3ffl-C·l;l:f -1 7.. 
7• v ,f 17)ft:iHl::iJIIIIU t::: 'J:' Q t::l-f tli)> if) Q • J: f'J 1ff i l, 

< l.i 2 . 5 0 g / c m 3 !,::J.'"f, Wt::tff i l, < l.i 2 . 4 5 
g/ c m3 !,::J.T-C'if)Q. 
[ o o o 8 l *~ll'J1'7:> # 7 7-.<7) 5 o ~ 3 5 o •ct:t::i ,ti 

.!fl-teJ~R~lk a l.i 3 4 x 1 0- 7 /"C.l,::J.'"f-C' if> t .: t ,';> 
~it.,\,,. 3 4 x 1 0- 1 /

0cm-c•1i, -r -1;,.,7•1,,117)~ 
MI~t::t::iitiJf.~UJJEa-*i} <-c·~ 'i'~ )t::l.ftlt.it 
if>t O J: t) :tff i L,< tt 3 2 X 1 o-7 /°C.l,::J.'"f, ~t::tff i 
L-< Ii 3 0 x 1 o- 7 /'CJ:Jr-C•if> Q. 

[ 0 0 0 9) *~BJ:117)#7 7..<7)-r':Y:1'*El.;J: 7 2 GP a 
J;).J:. ~if) Q.:, t 1J11ff t l, ~ '. 7 2 GP a *ilrl-C•l.;J:, # ':7 
7-.17)13!!:t:J: i-/f '7 ;t.,ff<7)t.:.b,7j.iJ<*~ < 'J:'Qt::l,ftl 
iJ%7.J. J:t'J:tffil<li74GPaJ;).J:., ~t::tffil< 
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li7 6 GP aJ.:lJ::"(•,,i. 
[ 0 0 1 0] *~BJJO)f,/7 7-.0)Jt5!1i1i$ ( =E/ d) tl: 
2 7 MN m/k g 1,:lJ::"(·,, -!i.::. c 1J'Hi U '• 2 7 MN 
m/k g*if4"("1.ifili!f,/7 7-.ff0:>t..::bh-;/J'j;:~ < ,j:-Q 
t·H·h.t;%i. J: l'JHt L-< Ii 2 9 MN rn/k gJ,.:J.J:., 
iH::Hi L-<!.i3 OMNrn/k gJ,.:J.J:."(·,,i. 
r o o 11 l *~BJJO)n:17-.0:>lili6 5 o·ci.:J.J:."C•,, 

1a>.::. t tl!ff i l \. ,. 6 5 o "C*if4"(•1ijjlj'i~!NffiWj;:~ 
<,j:-l'J~~-!it-:3~tl#,,i. J:l'JHil<!.i660"Cm 
J:., ~l::Hil<t:l:665·cru, fttHtL<ti67 
5 ·cJ.:JJ: --c·,, 1ai • 
[ 0 0 1 2] *~BJJO)if77-.0)?!l:fflUTLli 14 0 0 

·c1.:Jr1:·,, i.::. t 1J'H t L \.,. 1 4 o o ·c@"C•liif :1 ,:;r.. 
W~t::~-t i t-:3~tt;IJ,,, i. J: l'J Ht L, < Ii 1 3 7 
o·cJ.:Xf, ~l::Hi l<li 1 3 5 o·cJ,.:J.""f, &tHi L, 
< Ii 1 3 0 O"CtJ""f"(•,,i. 
r o o 13 l TL;1J•bfi!iJ.t;1Jq 0 4;r-7:J.:'t,j:-iftT4 

a-ifi£ t:.t.: r TL -T d Ii 5 o ·cJ,.:J.""f"C•1:i i.:. t t;,Hi L 
\. ,. 5 0 °C@"(·l;,l:Jvt1£3~1::~~T MfO)r.:'f/m;IJ•1:. f.:., if 
'7 7-.0)~i1f;IJ,l!Jftt::,j:-1a>t-:3~hn%i. J: l'J Hi L, < l;,I: 
3 o·ctff, ~t::Ht L-< 1;,1: o•cJ-::J.r"C·1>i. 
[ 0 0 14] tXI::, *~BJjO)if7 7-.0)jjij'f 8 H Fttt::-?\.\ 

"( ~/\(J.i. *~BJjO)f,/ '7 7-. a-, ft:i:i§';}-~jf-U;/J>4 
0 %"C'1:i1a> 7 'Y1t7" ✓::i::=-11 J,.*ffllllt [RJ~Ui)> 5 
0 %"(' ii'.> Q 7 'Y M*fflnl t z-«qjfJt"(· 9 : U::ii~ lt..:: 
Hli:f:lt:: 2 5°C"("2 07tffflitift lt.:t ~, ~O)ffilii#s?ii 
t,,j:-\.,.:. t;IJ,Hi u,. it.::, if:1,:;r..O)ncjjlf~citift 
1::J: Q tJ:1 ,:;r..O)ft:i:~1tt ;IJ•t.>"ttfht.::n:17-.0).!lturn 
~ I') O)jt:i:~';/J' 0 . 6 m g / c m 3 J,_:J,"f"(•1:, Q.::. t ;/J> 
Hit,\.,. 
[ 0 0 1 5] tXt::, *~fl}JO)f,/7,:;r..O)jf#~t::-?\.)"(~ 

/\(Q • *~BJjO)if 7 7-. a-, ~J.t;IJ> 0 . 1 ::i::1v / I} 'Y t- IV 
--c·,i Q li~*ii?!li:f:lt:: 9 o "C--C· 2 o ~ffflilift L,t.: t ~ , 
~O)~ffijt:S?ii, ~- ? 7 'Y ?~;/J>1:_ t_:,,j:-\, ,.:_ C i)fH 
i L, \. \. i t.:, f,/ 7 7-. O)filqjt t jjlf~i!ifift t: J: t ti 7 7-. 0) 
ftft{t t ;/J> b 3f<.fht.:: n 7 7-. O).!jtfil«qjf ~ l'J O)ft:.fi~' 
i)>0. 6 mg/ C m3 mTt·,,t.:: C i)>Ht L, \, '· J: t_) 
Ht l., < Ii O. 2 mg/ c ms J,_:J,""f"(•,,i. 
r o o 1 6 l *~BJIO)if:1.:;r..1;,1:, ricfflt1t~~~O)::i::1v 

%M -c•~ft~t::, 
s i 02 64~74%, 
A I 203 5~14%, 
B203 5~12%, 
MgO 0~6%, 
CaO O~l 0%, 
SrO 0~6%, 
BaO O~l. 5%, 
y 2 03 0 . 0 5 ~ 3 % ' 
;IJ•b,j:-1'), ilv.tJ IJ~i&&Ht~, Pb O, P2 0 5 , As 

2 03t-;J;if S b2 03 0)\. 'i'hb~ft~t::1!;-lf l.,,j:-\. ,.:: t 

!(3) 001-348247(P2001-348247A) 

;/J>Hi l.,\. '· 
[ 0 0 1 7 ] tX I:: , * ~BJJO) if 7 7-. O)ffi)£ I:-?\. \ "( , ::i:: 

Jv%a-.!ltt::% t ~!cl -CfiltBJJ-t Q. s i 02 l.i;r--y t- '7 
-?7-;t-"7-"(·,,t_), it.:, da-1)\~<-tiWJ:W:, i 
t.:1.ilia-~<-tiWJ:f:i)•1,t), ~"(·,,i. 7 5%@ 
--c·1;,1:, f,/77-.ffljW;/J>l!)jU::,j:-t, tt.:liTL;/J~<,j:-l'J 
-t~·t. Htl<l;J:74%!,:l"f, J:l'JHtL-<l;J:73% 
j.,:(""f"C'1:,¢,. 6 0 %*if4"(·1;,1:, d ;/J>j;:~ < ,j: ¢i, li;/J' 
fil;;""fT i, a ;/J>j;:~ < ,j:- l'J T~ t, t t.:li1t~~if~tt 
;/J>fll;;"f-t i. Ht L< 1;,1:6 2%1.:JJ:., J: tJHt l<l;J:6 
4 %!,ll, ~t:Hi L < li6 6 %tlJ::--C•,,i. 
[ 0 0 1 8 l A I 2 Oslit,/'.77-.a-~JE1t~1t, lia-J:. 

If, it.:l;,1:Ea-j;:~<-tiWJ:W:;IJ>1:,t), ~"(·,ii. 1 
6 %@"C'l;,I:, TL iJ~ < ,j:- tJ T~· ¢i , if B H F ti;IJ•fll;;"f 
Ti, it.: liiffflt1i#fll;;""f 1" Q • Hi l < Ii 1 4 %m 
""f, J: l'J Hi L < Ii 1 3 %tJr--c·,, i. 1 %*if4--C•lj:jjlj' 
iii!WJ:f:iJ,,J,~ < ,j:- tJ-t~t i. J: l'J Hit,< Ii 3 %1:ll:, 
~t::Hi l < t:l: 5 %tJJ:."(•,ii. 
[0019] B20 31i, da-1J,~<-ti, ifBHFttt 

fcii<-ti, if7,:;r..fflJWa-~~t:-ti, TLz-fll;;"f~-tt 
i, it.:l;J:az-1J"'~<1"¢WJ:f:tlfl, &'.4Jl--C•1>i. 2 
0%@--C•li, li;IJ>fil;;"fT¢, E#1J,~ < ,j:- l'J-t~·i, 
t t..::l;J:ifjtttiJ,fil;;"f T ¢ • !ff i L, < l;,I: 1 6 % l,:("f, J: l'J 
Mi L < l;,I: 1 2 %J;.J."f, ~t:Hi L, < l;,I: 9 %mr"(·1:, 
Q. 1 %*if4"C•l;J:filcWJ:f:;1J,,J\~ < ,:c l'JT~ i. J: l'J H 
i L< l;,I: 3 %.l-ll, ~l:Hi l < Ii 5 %l,ll"C'1:,¢. 
[ 0 0 2 0] Mg Oli~"(•l;,l:,j:-~1;/J>, tf7 7-.fflMz~ 

».,t:-t ¢i, i t..::l.iE tj;:~ < 1" ¢ t.:fht: 1 0 %i "("-f!;-if 
L"CtJ:~,. 1 0%@"(•1i, TLiJ~<,:Cl'JT~Q, if 
B H FttiJ,fll;;""f-t Q, t t.:l;,J:fflfflttt;IJ•fil;;""fT 1a> t-:3-fh;/J• 
,ii. Hi l<l;J:8%1.:Jr, J: tJHi l<li6%t.J.r--c· 
1:,¢. Mg O a-1!i'fl'T ¢ti, fO)-f!;-fl':i:li 1 %!,ll--C· 
1:it.: t ;IJ•Ht L~ ,. 
[0021] CaOl;J:&'.4.fi"C·li,j:-\.1;/Jt, if'-77-.fflMz-~ 

~t:-t !>, E z-j;:~ < T ¢, it.:l;,l:if '7 7-.a-~JE1t.~1t 
l:i t.:fhl: 1 2 % t -r•-f!;-lf L, -Ct J: \ '· 1 2 %@"(•!iT L 
n~< ,:c l'JT~¢, it.:l;,l:a#j;:~ < ~ tJT~¢t-:3-ftL 
;1)•1,l;,. Hi L<li 1 O%mr, J: tJHi L<l;.1:8%!,:l 
r, ~l:H i L, < Ii 6 %1:Jr--c·,i i. C a O a-1!i'fi'T t 
ti, ~0)-f!j-°fl:.fili 1 %!,ll-r·,i i.:. t iJ•H t U ,. 
[ 0 0 2 2 l S r o li~"C•li,:C \. ,iJ,, ti :17-.ffl!Wt ~ 

».il:1"¢, it..::l;,l:f,/77-.z~JE1t~-tt¢t..::fhl: 1 0%t 
"(•-f!j-lf l "C t J: \ '. 1 0 %@"('Ii TL ;/J>fcij < ,j:- l'J T ~ 
i, d;/J>j;:ts <,j:-l'JT~¢, tt.::liaiJ,j;:~ <,j:-l'J't~ 
¢t-:3~ttiJ,,,¢. Ht l<l;J:6%!,:(""f, J: l'JHi l<l;,t 
4 %!,:(""f"(",,t. s r o a-1!i'fl'T tti, ~0)1!;-lf:i:l;,I: 
1 %J:ll: --c· 1i l;, .:. t iJ•H t L \.,. 
[ 0 0 2 3 l B a O li~"C•li,j:- \. ,iJ,, if 7 7-.0)'lf:ffi a­

j(pffi!J-t-!> t.:tht:, it..::liTL a-fil;;""f~1t1a>t.:thl: 1. 5 
%i-C•-f!;-lfl-CtJ:\.,. 1. 5%@-C·l;tdi)•j;:~<,j:-l'J 
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-ttq, • iU: L, < Ii 1 %!-:lrt·ct> J.i • d t J: IJ ,J, ~ < L, 
t..:lr ,ifr€il.i Ba O t~Jf~t:*lf L,;z1, ,..: t iilff i L, 

[0024]Mg0, CaO, SrO"J:~BaOO)* 
lf:itC':>*m-MgO+CaO+SrO+Ba01.i5~15 
%-Z•it)J.>..: t iiif i L,\, '• 1 5 %lH-Z'li d it..:l.ioo'i:;k 
l(:ZIJ-tWt"-fn#ct>t.ifiL,<U13%~r, 
J:1JifiL,<l.il 1%l-:ff1:·ct>i. 5%*~-r•l.i, tf7 
.7..C':>ffiMttn{ffl;""f-t t, i t..:l.iE 77{1J,~ < :Z IJ'tl' I" 
-fh.;f;{it)J.>. ifil<l.i6%J:JJ:., J:IJifiL,<l.i7% 
l-:l.l: -r· ct> J.i • 
[0025] Y20al.it/'7.7..i~Mtnt:l, it..:Et 

:;kl< T J.>~:m:tlf I..,, ~-r·ct> 1->. 5 %i!l-r·UT L77{ 
~<:z IJ-tl'J.>, iiiitB H Ff:l:n{ffl;r'ti, it.::l.iiiiitH 
;l;>ffl;""f-t i. if i L, < l.i 3 %.l,.:J.""f, J: tJ if i l < l.i 2 % 
P.J:ft•ct>J.i. o. o 5 %*~-r•l.iWii~:m:n,,J,~ < ;z tJ 
-t~i. ifil(l.iO. 1%.1:JJ:., J:IJifil<l.iO. 
5 %!-::-lJ:. -r· it> 1-> • 
r o o 2 6 J *~IIAC1)t/:i.7..li~Jftf{Jt:J:.~c.1oc?tn•~:>j:-

1.in{, *~11A0FI ~tffl:>j:-:b:z1r ,i!lffl-r•fl!!01oc?tt*lf 
L--r i J: 1r ,. ~cflhO)JocirO)*lf.ll:0*it1i 1 5 %.1,:lr 

-C-1:> J.i ..: t n>if i L,1,,. J: tJ if i L, < Ii 1 0 %l-J.rt·ct> 
i. 
[ o o 2 7 l ~t:, WI!fcfl!!O)Joc-,:rt::"?lr't'm.r(J.>. -tf:i 

.7..C':>ffiMtt, ffl"~ttit.::l.iJocWtttal1:*"t1->t.::3t:>t:, F 
e 20 3 , S03 , F, CI, Sn02, As 20 3 , Sb 2 

03~a'*ITT1:'5%ii::'*lfl.,"( l> J::P. :Z", A S2 0 
3, S b2 03 it..:l;;!:P b Ol.i~ffi~O)t.,:3f:>O)/ff.!IW 
a-r·ct> tJ, ..:O)lffl.,~7'J>~lj:1r,i'tLL*lft,:>j:-1,,..: tn• 
ifi t.,1,,. it.::, P2 Oslit/'7.7..C1),(t~~iiiif_j_fitffl;r 
~-ttJ.>"-fnn,ct> tJ, *lfl:z1r,..: tn{ifi u,. 
[0028]Et:;kl(Tl.>t..:3t:>~,Zn0,Ti 

02- Zr0 2, V20 5 , Cr 20a, MnO, CoO, N 
i 0, Cu 0, Ga20 3 , Ge 0 2, Nb 2 0 5 , Mo 
0 3, Ce0 2 , Pr 2 0 3 , Nd 2 0 3 , Pm20 3 , Sm2 

0 3 , E u 2 03 , Gd 2 Oa, Tb 2 03, D y 2 0 3 , H o 2 

0 3 , Er 2 0 3 , Tm 2 0 3 , Yb 2 0 3, Hf0 2 , Ta 2 

0 5"J::tfW03;l;•f:>:ZJ.>ffi;,~,llli'h.o lftJ:J..l:.t*lf 
L, -r L J: Ir'· .:nt:>C1.>*lf.i1:0)*ttli 1 O %.l,:lTt'·ct> 1-> 
:::tn>tffi L,1,,. 1 0%lHt•l;i:dn>:;kl <:ztJ-t~•Q" 
.fnn"1:>J.i. J:: tJifi t,<li5%J:.J.r, ~t:ta:i t,<li 
2 %~r-r·1:,Q. Wiicffn•t:i,111;1:nJ.i Utl-ll t*lf-t 
oti, WI~c*lf.il:C1.>*tt1i o. 1 %J:.J.J:.t·ct> i::: t n" 
ta:11..,1r,. J:tJifil<U1%l-llt·1:>o. :z", ctt 
J: 1J1J,~ < t.,t..:1r ,~1i.:nt:iC1.>1r 'i'n t>*lf 1.,;z1r ,::: 

!(4) 001-348247(P2001 348247A) 

tn•Mi t,P. 
[00291*~11,ijO)t/'7.7..l.i, 7o-l-$, 5"'71/~ 
o-$, 7°v.7..~t·~~t:JocW-r·1 on', *~n{ 
n:>j:-7 o- l-$-C'!ocWT o ::: t ·liif i I.., Ir'. *~ll,ijC1) 
t/'7.7..l.i, t..: t -tlf~O)J:: -3 :>j:-1.f$t1JHtrc·~ Q. iilim 
OOfl ~ni ~Joc-,tO)W:~t 13fflil.1oct :>j:-Q J: , t:i1-l* 
L,, :::nti~MtJ=it:iltt~l:f~Al, 1 5 O 0~16 O 
0 °Cl::;/J~ L, "( ?~MiT t • .: C1)ffiffli-tf 7 .7.. a- 7 □- l-$ 
1: J:: tJ mJi:: O)~JJ1:1ocw 1.., , tt-?fitlWlffi-t Q • .: -3 1.., -r 
{fhh.t..:-tf 7 .7..~WlULf 1.7..7°v10)-\:Jva-W!ocT Q 
1 M0-tf '7.7..H~l:00fl~nt. 
[0030] 
[~g&~J ~Joc-,:rO)m(~i;~C1)S i 0 2n•f:> Zn O i "(' 

O)lffll:~1v%~jf-"(•jf--t§fflffiloct :>j:-t J:: -3 I:~* L,, 
1=111it1t~tm1r,-r 1 6 o o·c-r-mMlt..:. mMt:ct>t..:--:> 
tl.i, Et1/i.7..1-'7 t .Jfllr ,-rflt-¥ l-tf '7 .7.. t:ltiJJf{t L­
t..:. iX\. ,-c-ffiMtJ:'i .7.. tvttlili L,, ~~t:1ocWf~?fi I.., 

[0031l~hh.t..:-tf'7.7..0)d(.ui:g/c 
m3 ), a (•ut: Xl0· 7/°C), E (•ur: GP 
a),ft~1i*(MNm/kg),M(•ut:°C), 
T4 (•ur: °C) , TL (•ur: °C) , iiiitBH Ftt, iiiitfflt 
ttt~t::jf-1°. 
[ 0 0 3 2 l d I.ii Jv~ ;,< f .7..$t::~"?' < M~.tt.lratt: 

J: IJ , a l;ljf-~~tt ( TM A ) t: J:: tJ , E l;idi!lf ~ 
~$1:J:: tJ, Ml;i:J IS R3 1031:*-llJi::~h.i::lr' 
.g 1.f$t:J:: tJ, T 4 J;i@J!l!ifi!iJ.lttt:J:: tJ, .ftl~nllll.lJi:: 
1..,t..:. 
[ 0 0 3 3 J TLl.i, "tf:i.7..a-ffi"~l..,"(fft.::t/'7.7..f\La-
1 1 o o·ct: 1 111cyrm~~ 1.., 1:-tf '7 .7..f\Lp;JfflH::MAa-tJr 
ili ~-\t, ~t:l!l4' C':>ii!!J.t-r• 1 7 ~ml~!I t., -rmcMA 
;l;>illf~T t Ut~"'-t::: t t:J:: tJ31<3t:>t..:. 
[ 0 0 3 4] iiiff B H Ff:l:l;i, iiJfl,ffl L,t..:t/'7.7.. a- 7 •:,{ti 

::,-~.::.r)AJJ®illt 7 •yfflt7J<ffi?ll0mcil*illi:f:rt::2 5 
°Ci'.:'2 O?tmlifatt.,t..:f.i, tf:i.7..HO)~iffitO'tt 
::: t t:J:--:> t'JWfdtiL,t..:. E~ L, -r 1, ,:>j:-1, 'l> O)a-Ot t., 

[ o o 3 5 l if#Ml.i, iiJf!fflL,t.::t/:i.7..a-WJ~cjj97J<ffi 
illi:f:rt: 9 o -c-r· 2 O ~Fffliiil L,t.::f.i, ff '7.7..HO)~iffi 
tD-t t::: c t:J::--:> -rJWfdti t.,t.,:. B~~HIO)~{tC1.> 
:Z\.\l>O)a-Q):; L,t.::. 
[ O O 3 6 J ~Jl ~ 1 11.i~»&WlL WtJl 2 , 1 31.ifJHt~ 

tJ 7 .7.. t· ~ 1J ftQ!WlJt• 1:> t • 
[0037] 
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!(5) 001-348247 (P2001-348247A) 

Wll 1 1912 Wll 3 ~14 1915 "9116 -(Jlj 7 

SiO. 67.0 69.0 71.0 66.0 '/0.0 66.0 70.0 

.t\l.O. 1 l.5 12.!::i 11.5 13.5 1.1.5 13.5 12.0 

B.OQ 11.0 7.0 8.5 12.0 9.0 12.0 8.5 

Me-0 3.2 3.5 2.'/ 2.5 2.5 2.5 1.0 

CaO 3.2 3.5 2:1 2.5 2.5 2.5 6.0 

SrO 3.2 3.5 2:1 2.5 2.5 1.5 2.0 

Bao 0 0 0 0 0 1.0 0 

Y.O. l.O 1.0 1.0 1.0 2.0 1.0 0.5 

Zr00 0 0 0 0 0 0 0 

ZnO 0 0 0 0 0 0 0 

d 2.455 2.4\:.l9 2.44:.! 2.442 2.492 2.468 2.426 

a 29.3 31.!::i 27.4 29.2 29.3 30.8 29.9 

E 74.7 77.6 72.2 75.1 '/2.3 72.1 73.4 

E/d 30.3 31.l 29.6 30.8 29.0 29.2 30.3 

:;B~ 662 688 680 666 666 666 684 

T4 1296 1348 1368 1299 1347 1297 -

TL 1280 1310 1290 1310 1350 1280 -

ititBHFf!E 0 0 0 0 0 0 0 

itit~tt 0 0 0 0 0 0 0 

[0038] 
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!(6) 001-348247 (P2001 348247A) 

{§JJ 8 {94 9 9111 0 

SiO. 70.0 70.0 72.0 

Al.O~ 11..0 11.0 9.5 

B.OQ 8.0 8.0 7.0 

Mg-0 6.0 4.0 2.0 

CaO 2.0 6.0 9.0 

SrO 2.0 0 0 

Bao 0 0 0 

Y.O. 1..0 1.0 0.5 

ZrO, 0 0 a 

ZnO 0 0 a 
d 2.446 2.422 2.396 

°' 28.5 29.4 31.9 

E 77.5 76.2 74.4 

E/d 31.7 31.b 31.1 

:;Ht;\: 675 680 687 

T, - - -

TL - -
iiit B 1-i F t!f: () 0 0 

iiitjji!J: u 0 0 

[0039] 
[ ~Bjjv')~~] 7 f'vfJ IJ ~iUi{t~~~i!fJ:.-8-lf 'ttf, 
~1~iL~~1/~$,~W~-~~~~~~~t,~ 
B H Ftl:, ~ftt.'H:fltti, 4Hlf-< .A 7'v1, 7 ;t l-

(72)~BJ:l:fJ i:p~ ~~ 

~JIIM'tffi~rfft$*JIIIR~iRlllf115():j:it!! 
11!lffi-=f-~:it ~ti: Jt;J 

0111 1 fM 1 ?. i?ll 1 3 

70.5 65.2 68.3 

10.5 1.1.9 10.7 

7.5 7.3 7.9 

2.5 8.1 5.8 

5.5 3.0 2.0 

2.5 1.3 0.7 

0 2.0 3.8 

1.0 0.6 0 

0 0.3 0.6 

0 0 0.4 

2.468 2.490 2.610 

32.2 35.7 35.9 

74.8 '/6.1 74.3 

30.3 30,6 29.6 

680 686 671 

- - -

- - -

0 - -

0 - -

°? .A 1 ~t:H~ f.f 7 .AH~m~t-~ i. .:: 17Jf./ 7 .A 
H~ m~ ,i.:. t t:J:: l'J, ~•-r-< .A7'v117Jft1t, 
~:1Ul:[fiJJ:.~t'.'~hQ. 
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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% SnO2, 0-0.1% As2O3 , and 0-1.0% 

Sb2O3 , and the Fe content of the glass, converted to Fe2O3 , 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% SnO2, O 0.1% As 2O3 , and 0-1.0% Sb2O3 , wherein the Fe 

content of the glass, converted into Fe2O3, is 0.005 0.03% by 

weight. 

2. The alkali-free glass subst.rate according to Claim 1, 

wherein the transmittance of said glass substrate is 50% or 

·more for a wavelength of 300nm, and 89% or more for 

wavelengths of 400-800nm. 

JP2004-189535A 

0149



3. The alkali-free glass substrate according to Claim 1 

or Claim 2, comprising, by weight, 55-70% SiO2, 12-20% Al2O3 , 

5-15% B2O3, 0-5% MgO, 0-12% Cao, 0-10% SrO, 0-10% Bao, 0-5% ZnO, 

0-5% ZrO2 , and 0-0.5% Cl. 

[Detailed Description of the Invention] 

[0001) 

[Industrial Field of Application) 

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 

semi-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 preferably have high 

transmittance from the ultraviolet range through to the 

visible 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. 

[0008] 

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 lower 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. 

[0009] 

[Patent Document l] 

Japanese Unexamined Patent Publication No. H7 202208 

[Patent Document 2) 

Japanese Unexamined Patent Publication No. 2001-261366 

(0010] 

[Problem to be Solved by the Invention] 

Fe2O., exists within the glass as Fe3
• and Fe2

+. Fe 3
• 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-cost, mass-produced 

glass generally contains large amounts of Fe2O3 , 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. 

[OOll] 

In order to eradicate Fe2O3 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 

Fe20 3 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 Sn02 .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% Sn02, 0-

0.1% As20 3 , 0-1.0% Sb20 3 , and has an Fe content of 0.005-0.03% 

by weight, converted to Fe203 • 

[0015) 

[Operation] 

Generally speaking, the ultraviolet rays used when 

forming a TFT on a glass substrate chiefly have wavelengths of 

6 JP2004-189535A 

0154



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 400-800nm. 

Transmittance of less than 89% can adversely affect display 

.performance. 

[0017] 

The As 2O3 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 SnO2 is added. 

This causes the Fe valence to change from 3 (Fe 3
•) to 2 (Fe2

•), 

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 SnO2 to the glass is believed to cause 
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the following reaction to take place: Sn2
+ + 2Fe 3

+ ➔ Sn4 ◄· + 

2Fe2
+. The valence of the Fe changes, so that the amount of 

Fe2
+ 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 Sn02 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 visible range 

decreases. An amount greater than 0.3%, on the other hand, is 

also undesirable, since this is liable to cause Sn02 crystals 

to be deposited in the glass. A preferable range of Sn0 2 

content ·1s 0.05-0.3%. Although several other substances 

besides Sn, such as Ce and Ti, also cause Fe valence to change 

in a similar way, these should not be used, as they have their 

absorption peaks in the ultraviolet range. 

[0019] 

AS203 , which is widely used as a fining agent, also has 

its absorption peak in the ultraviolet range. It also acts to 

inhibit the valence change to Fe 2
+ brought about by the Sn02 • 

For this reason, the amount of As 20 3 contained in the glass is 

limited to no more than 0.1%. An amount of As 20 3 greater than 

0.1% is not desirable, as this reduces transmittance for the 

ultraviolet range. The As 2o 3 content should preferably be no 

more than 0.5%. Reducing the amount of As 203 used as a fining 

agent in an alkali-free glass makes it more difficult to 

obtain bubble free glass. However, since the Sn02 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 Sb2O3 and Cl. Like As2O3 , however, Sb2O3 has 

its absorption peak in the ultraviolet range, so that the Sb2O3 

content should be limited to no more than 1.0%. 

[0020] 

If the amount of Fe2
+ in the glass increases too much as 

the result of adding SnO2 there is a risk that transmittance 

for the high-wavelength end of the visible range might be 

reduced, since Fe2
+ 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 Fe2O3 • It is not desirable that the 

amount of Fe2O3 is over 0.03%, as this lowers transmittance at 

the high-wavelength end of the visible range. Attempting to 

reduce the Fe2O3 content any lower than 0.005%, however, is not 

advisable, as this makes costs unacceptably high. A preferable 

range of Fe2O3 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 (Na2O, K2O, Li2O), 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 tot~l weight: 55-70% SiO2 , 12-20% Al 2O3 , 5 

15% B2O3 , 0-5% MgO, 0-12% CaO, 0-10% SrO, 0-10% BaO, 0-5%ZnO, 

0~5% ZrO2, and 0-0.5% Cl. 

[0023] 

An explanation follows of the reasons for the ranges 

given for the composition of the glass above. 

[0024] 

SiO2 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 SiO2 content of 55-70%. A preferable range is 

57-67%. A higher SiO2 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 203 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 can be 

obtained with an Al 20 3 content of 12-20%. A preferable range 

is 13-18%. A higher Al20 3 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 Al20 3 content of less 

than the suggested range tends to reduce the strain point of 

the glass. 

[0026] 

B20 3 acts as a flux, lowering the viscosity of the glass 

and improving meltability. These effects can be obtained with 

a B20:i content of 5-15%. A preferable range is 7-14%. Greater 

amounts of B203 tend to lower the strain point of the glass and 

adversely affect acid resistance. Lower amounts of Ba203, 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 
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meltability of the glass. The meltability of the glass can be 

improved by a MgO content of 5% or less. A preferable range is 

O 3%. Larger amounts of MgO 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. 

[0028) 

Cao 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] 

ZnO improves the buffered hydrofluoric acid resistance of 

the glass. This effect can be obtained with a ZnO content of 

3% or less. A preferable range is 0-2.5%. Larger amounts of 

ZnO, 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 MgO, 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%. 

[0033] 

ZrO2 improves the acid resistance of the glass. This 

effect can be obtained with a ZrO2 content of 1% or less. A 

preferable range is 0-0.7%. With larger amounts of ZrO2 , 

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 melt 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. 

[0036] 

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. 

(003 7] 

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 Fe20.3 

Transmittance (%) 

Density (g/cm2) 

Thermal Expansion Coefficient 

Strain Point 

Liquid Phase Temperature 

Acid Resistance 

Buffered Hydrofluoric. 

[0040] 

[Table 2] 

[As for Table 

[ 0 041} 

{Table 3} 

{As for Table 

[0042} 

{Table 4} 

[As for Table 

[0043] 

[Table 5) 

1} 

1} 

l] 

[As for Table 1] 

[0044) 

Acid Resistance 

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 given in the tables. After melting for 24 

hours at 1600° Cina 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. 

[ 0 04 6] 

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% or 

more for wavelengths of 400-BOOnm. The density was low (no 

more than 2.43g/cm2
), allowing for a more lightweight substrate. 

The thermal expansion coefficient was 30-34 x 10- 7/° 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 2
·

5 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 (which 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° C and 380° C using a dilatometer. 

[0052) 

The strain point was measured using the method outlined 

in ASTM C336 71. The lower this value, the smaller the thermal 

contraction of the glass. Log~ at 102
·
5 shows the temperature 

corresponding to the high-temperature viscosity of 102
·
5 poise. 

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-SOOµm 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 

hydrofluoric acid resistance was evaluated by immersing each 

sample for 30 minutes in a buffered hydrofluoric acid solution 

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 0, 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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J... l J:: "'I c 't l 2 )! t1 ffi: ¥ c a,, l • F e 2 o 3 0) ~ 13 :i t1 o . o 3 % J:: 11 1- < ,: l )! • iii 
li -m ffl1J 0) cJ ~ m ~ $ t1 ~ r "t 1 ~ ti}) V¼ t l, < ,: L 1 • 15 • o . o o 5 % J:: 11 1.J>- ~ < l, J:: .,-
~ 't l ~ • ::J ;z ,._ t1 iii < ~ 1J 't ~ l j;, ti}) V¼ ii: L, < ~ L l • F e 2 o 3 0) V¼ ii: l, L l ic IHI t.l: • o 
. 007~0. 03%citf>l. 
[0021] 

:$ ~ 11,El C 11 L l , ~ ffl "t l 'ii '5 ;z t.l: mt J1 JI, iJ ~ 'ii '5 ;z c iV> l • -'t 0) J!. IE t.l: , 'ii '5 ::Z. Cf I:' J7 JI, 

iJ 1) ~ Ii Blt {t !11/J ( N 0- 2 0 ' K 2 0 ' L l 2 0 ) t ~ 13 't l )! . 'ii 7 A c:p 0) }1 JI, iJ ~ pt 1}- 40 
ti , 'ii '5 ;z ~ :t& ...t C ~ ~ < tL ~ ~ ;fl 0) Ill \b T F T • -3- 0) !ff tt t ~ {t < tt l t.r tJ 1) 'tJ. , J1 )I, 

iJ ~ pt 1}- ~ ~;fl 0) lJl ti & i'.ii "t l 2 ~ c El~ l, . ~ :t& 0) ffl ~ $1 ~ r < tt l Ii ti iV> l 'tJ. i, c 
it-I l • 
[0022] 
t~. :$~1lflO)'t/'5:;{~ffi0A~~~!ll.~t.1:. ~•&tt. Milx~tt. $M~. ~~tt. M 
115JUI~-'t ~J.l l, 7, ffl~Ci'.iilJ ,)@'.it;~5E 'ttlt.rJ:: LI. V¼~~!ll.pt~J~ l,,. H:IEi 
1}-.c. 8 l02 55~70%, Al 2 Os 1 2~20%, B2 03 5~1 5%, 
MjQ 0~5%. Co..O 0~1 2%. sro 0~1 0%, Bo..O 0~1 0%. :& 
n O O ~ 5 % . :& r O 2 O ~ 5 % • C I O ~ O . 6 % 0 mt J1 JI, :u ~ 'ii '5 ::Z. ti it-I lf i, 
tL l . 50 
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[0023] 
-;:; 0 J: )' C ti =, ;z Ml Pi: t llJl 5E. L, ~ J! E13 it . ~ 0) 't 11 C) 71 a,, 6 • 
[0024] 

8 l O 2 it , ti '5 A 0) ;I: v f- 7 - ? 7 t - Y - 't ~ 6 Pi: 1" 71 i!1, 1) , ti '5 :Z 0) lifit mt tt 1' ioJ .t 
-r tt ~ 1J • t1 =;; :z 0 :m ~ t .t ~ -r tt -z ti =;; :z ~ :1& 0 M i1x. .- t ,J\ < < "t 6 ~ !l 11 ~ 6 • a *.i 
• 11 5 5 ~ 7 0 % 71 ~ :tl, t;r . 1B It tt 11 iii ( , M ilx Mi 0) 1h < L I ti 7 :Z ~ :I& t ffl 6 -;:; 't 11 71 ~ 
6 • ~ * L, LI ic lffl it. 5 7 ~ 6 7 % 71 ~ l • rctl, S L O 2 0) 8 *.i. 11 i < ~ 'Z 't , ti '5 :Z 
0 iii i&Ua 11 11 iii < ~ CJ • ,w Iii! tt 11 ~ it "t i 't tt c ? 1J :z t- 1~ '7 ,< 1- 0 ~ m 7' ,y 11 t1t Hi L, "° 
"t < ~ -z ffl ioJ c a,, 6 • * E . a *.i • "' ,~ ~ < ~ i 't . t1 =, ::z 0 lifit • tt "° :m ~ "' i\ "f "t 6 ffi 
ioJ C ~ 6 • 10 
[0025] 

A 1 2 o a it . ti =;; :z 0 :m g t .t ~ < tt ~ CJ • ? 1J :z t- 1~ =, ,< 1- 0 ~ m 7' ,y 0 tit Hi t w :t 
lJli:1}-71c!1)l. 8*.i.1'1 2~20%71~:tl,t;r, lilffliml.ll11i\Lltl'5:Z~:!Rt~°Z2't11 
c-~'Z. ~*l,Lliclffl!t, 1 3~1 8%-Z.i!1)6. rctl, A I 2 Oa 08*.i.1'1<~-Z't, 
ti 7 A 0) ml /~ o/ 7 7 - ~ 7 y • ,l!E, 11 ~ it L, ~ 1

) • lil ffl ill! ll 11 .t ~ L, ' Pi:~ L, C < < ~ 6 ffi 
ioJ c ~ 6 • * ~ . a *.i • "' ,~ ~ < ~ 6 't . ti =;; :z 0 :m ~ 11 i\ "f "t 6 ffi ioJ c ~ 6 • 
[0026] 

B 2 o a it . Iii! ff!J 't L, , n= m L, • t1 =;; :z 0 ta tt 1 "f lf • ,w Iii! tt t at f! "t 6 Pi: 1l- 71 a,, 6 • a 
*.i.1'5~1 5%71i!1):tl,t;r, .tii!~!lt~°Z2't1'7'~6. ~jj:L,Lliclffl!t, 7~14% 

-z. ~ -z • rcti • B 2 o a 0 a *.i • 11 i < ~ 6 't . t1 =;; ::z 0 :m g "' i\ "f L, ~ 1J • 1a m tt "' ~ it 20 
"t i ffi ioJ c ~ -z • * ~ . a *.i • 11 1

~ ~ < ~ i 't . Iii! ff!J ~ Li -z -t 1l' c n= m tt r )W. Iii! tt 11 i\ "f 
"t-ZffiioJC~6. 
[0027] 

M:tO!t, tl'7:Z0:m~ti\"f7tt7'12iii,itcitt0Jrti\'"F<"tt-Z, tl'5:Z01ilil!tttal!: 
f!"tlJli:1"71c!1,l. a*.i•1J'5 %J.R"f71~tti;r. tl'7 ::z01Wlil!tttatf!"tl 2 't1171~ 6 
• ~ t L, LI ic lffl it , 0 ~ 3 % 71 i!1, 6 • rctl, M ~ 0 0) 8 1ii. 11 j < ~ l ~ , I.-;; :Z =t 11 ,( f-
0) ~ ffl 7' 'Y 11 iVf Hi L, \b "t ( ~ 6. t~. lim/~y7-;,-~7vl!ltt11i\"fl,, 7.r f-I.v'f 
-;; ?' I ffi. C 11 LI '7 • ti '5 :Z # :I& ~ ilii 11 ii ~ < tt -Z , .& .Mi tt ~ II 11 ti '5 :Z # :I& ~ ilii C ht " L, 
. ti '7 ::Z # :f:B. 1J' El ffl L, ,JJ < ~ l • 
[0028] 30 

Co... 0 it, ti '5 ::Z 0) :m ~ti\ "f 7 ttt' 1"2 iii Ii.tail!!: 0) Jr ti\ "f < tt-z. ti '5 :Z 0 )W.Rl!tt t ~ 
L, <al!:f!"tlJli:1l-71c!1,°Z. 8*.i:11'1 2%J.R"f-Z.~ttt;r. tl'5:Z0$Mil!ftal!:f!"tl2~ 
1'7'~6. ~tL,Lliclffl!t, 3~10%7'~6. rct], Co...O08*.i:111j(~'Z't, liit/~ 
v 7 -;, - ~ 7 v It 11!f 11 ~ it "t 'Z ffi ioJ C i!1, l • 
[0029] 
sroit. t1=;;:z0ii'Hi&itt'tfiif~mtttioJ.tttt6Jli:l}-71~6. a*.i:1111 O%J.R"F71 
a,,tt~ • .tre~mtffl62~1171~i. ~tLiL1iclfflit0~7%71a,,6. rcti. sro0a 
*.i • 1' i < ~ 6 ~ . t1 , :z 0 m 11 "° M ~ ~ ii IX 1' 1::. ~ < ~ .., ~ 1J • m Iii! ,l!f 1' ~ it "t i ffi ioJ 
ca,,-z. 
[ 0 0 3 0 ] 40 

Bo...O!t. SrO~fiilt!Ctl'5::ZO)liiHi&itt'tlifit~ffltttioJ.tttt6Jli:1l'71c!1,"l. 8*.i:I 
1'1 0%J.R"f-Z.i!1):tl,t;r, _tgc~!ltffl°Z2't1'-Z.~'Z. ~tl,Lliclfflit0~5%?-i!1)l. 
rcti • s o... o 0 a *.i • 11 i < ~ i 't . t1 '5 ::z 0 m 11 "° M ~ ~ ~ IX 11 1::. ~ < ~ .., ~ CJ • ,w RI! tt 
1' ~ l., < ~ it "t l ffi ioJ C i!1, 6 • 
[0031] 

& n O it , ti '5 :Z 0) la /~ v 7 -;, - ~ 7 v It tt \0 1i Iii! tt t ale f§ "t l Pi: 1" -Z. i!1, l • 8 1ii • 1' 3 
%JJ..(."f?-c!1)ttt;r, .t~c~!ltffl62'ttl\'-Z.~l. ~tL,Lliclffl!t, 0~2. 5%?-~l. 
rcti. &n008*.i:111i < ~1 't. tl'5;:{0)lifit~¾!ftt\b:mgt!ti\l'"t6ffiioJC~"l. 
[0032] 

rcti • M :r o . c o... o • s r o . s o... o 0 7' ,~ iJ 1J ± m :t 11 m it II it . ill e Li , a *.i -r tt i 5o 
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'2Xc, tr'5:Z.0iWIH1xlW~!H1tioJ.tttt6'2X"tJ.'cf6"tJ.'. '2tl.1,Jltl}-O)S."!J.'i 
< ~ 6 x . tr 7 :Z. 0) !f 1ff. "tJ.' .t ~ 't 6 tJi. ioJ 12 it> 'J . tr 7 :Z. ~ ffl. 0) ~ • ~~ 'JJ l!I Ii x ~ 6 ~ tf> • 

e•cl 1 %*lillil'2T6'2X"IJ.'M*l,l). 
[0033] 
&r02 tit. tr'5:z.00H1Htt~f!'t6litil'cit>6. a~•"JJ1 %J!A"fcit>tt.t.r, tr'5"J.. 
0fi\t1ti!!ttioJ.tttti-;:-x"tJ.'cf6. }¼*Ldli!lffltit, o~o. 7%cit>i. l'e'.J, &ro 
2 0a~•"!J.'f < ~ 6 x. ;rJ~:J>'0~Js7'o/'JJ:tlffil't'ZffiioJl2it>6. 
[0034] 

C I tit • tr '5 'J.. 0) 5R )I ff!J x L, 7 lb < Ji): l)- c it> 6 • a 1i • "tJ.' f < ~ 'Z x . tr '5 'J.. It Ml "tJ. i, OJ 

11l ~ ;t; j < ~ 1J . IDB! "tJ.' ~ ~ L, ~ 't < ~ 6 'JJ • ~ 13 • "tJ.' 0 . 5 % J!I.. "'F cit> tL lit . FaH! ~ < 10 
.t~c~~;r,491,tt.i. }¼*l,Llilclffltit. o~o. 4%cit>-Z. 
[0035] 
~ 12 , * ~ B.f:l 0 '1ft 7 ,~ :b (J tr '5 'J.. ~ ta. 1 It ~ t 6 15 ~ t 8lt B,EJ 't 'Z • 
[0036] 
* f' , ifq,1j ti x L, 7 a * tL 'Z F e 0) • t l Ii L, ~ "tJ.' i, • '1ft J' ,~ :b (J tr '5 :Z. 0) Jj ~ 1 ~ ~ L, 

. "tO)/i~tl=IHl,.tic0tr'5'J..!!l.}i):i!lfflx~6J::Jr.::~S't6. ~ll7. ~SL,~/j~ 

1il~iW1i!!,:.Pc1520~1 680t0,1Jff.ciWlil!'t-Z. "t0li. iWli!!tr'5'J..1'J..Dvl­
~?:;,, ~ □ - ~. ~ - /'{- 7 0 - ~?:;,, ~ □ - )l. 7 □ - I-~. 0 - ,~ J'? I-~~ 0) 15 >l 
cffl.tt12litffL,•~ti-;:-xcn7~:b(Jtr'5'J..~ffl.t~i-;:-x"JJcf6. 
[ 0 0 3 7 ] 20 
[ ~ ~ ,BIJ] 

J!l. "'F , * ~ B.f:l 1 ~ ~ 8'J I:' ~ -:f l I 7 sUlll r.:.' alt B,EJ 't 6 • 
[0038] 

R 1 ~ 4 tit . :$ ~ B,EJ 0 ~ ~ ffJ ( sit ~ N o . 1 ~ 2 O ) t . R 5 tit . ..It ~ -B'J C sit ~ N o . 2 
1. 2 2) titl.-'ftl.ff-;l,,LI 6. 
[0039] 
CR 1 l 
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fiUt (K.%) 
SI 0 2 

A I 2 0 3 

B 2 0 3 

MgO 
Cao 
SrO 
BaO 
ZnO 
Zr 0 2 

Sn 0 2 

As 2 0 3 

Sb 2 0 3 

Cl 

:i:Fe 2 0 3 

••• (%) 300nm 
400nm 
600nm 
800nm 

fJ.!f (g/cm 3
) 

.... gfill( [30-380°C] 
( X 1 o- 7 /°C) 

514 C°C) 
log 11 at 10 2. 5 (°C) 

;amall (°C) 

iHittt 
1t1< •;, 7,, - 1-:' 7 •:,Bil 

[0040] 
[ ~ 2] 

(7) 

• 1 2 

63.0 63.0 
16. 0 16. 0 
11. 0 11. 0 

- -
7.0 7.0 
1. 5 1. 5 
0.5 0.5 
- -
- -

0. 1 0. 1 
- -

0.9 0.9 
- -

0.008 0.010 
74 71 
92 91 
92 91 
92 92 

2.38 2. 38 

32 32 

675 675 

1610 1610 

1095 1095 

0 0 

0 0 
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!I -.i 
3 4 5 

63.0 63.0 63.0 
16.0 16.0 16.0 
11. 0 11. 0 10.0 
- - -

7.0 7.0 8.0 10 
1. 5 1. 5 1.0 
0.5 0.5 1.0 
- - -
- - -

0. 1 0. 1 0. 1 
- - -

0.9 0.9 0.9 
- - -

0.012 0.015 0.020 20 

69 66 60 
91 91 90 
91 91 90 
92 92 91 

2.38 2.38 2.40 

32 32 33 

675 675 676 30 
1610 1610 1595 

1095 1095 1105 

0 0 0 

0 0 0 

40 
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8Jit , •• %) 

s i 02 
A I 2 0 8 

B 2 0 3 

MgO 
CaO 
SrO 
Bao 
ZnO 

Zr 0 2 

Sn 0 2 

As 2 0 3 

Sb 2 0 3 

Cl 

:½Fe 2 0 3 

ilil* (%) 300nm 
400nm 
600nm 
800nm 

IHI (g/cm 3
) 

MIHlfl It [30-380°C] 
(x 10- 7 /°C) 

!ill (0c) 

I og n at 10 2. 6 (°C) 

i&~;ill (°C) 

ffiilt1! 
it I< •:, 7 7 - i,: 7 •:., Bti 

(0041] 
r ~al 

(8) 

• 6 7 

63.0 63.0 
16.0 16.0 
10.0 12.0 
- -

8.0 8.0 
1.0 -
1.0 -
- -
- -

0. 1 0.2 
- -

0.9 0.8 
- -

0.025 0.015 
55 72 
90 91 
91 92 
91 92 

2.40 2. 35 

33 31 

676 670 

1595 1590 

1105 1080 

0 0 

0 0 

JP 2004 189535 A 2004.7.8 

Ii m 
8 9 1 0 

63.0 63.0 64.0 
16.0 16. 0 16.0 
12.0 12. 0 11. 0 
- - -

8.0 8.0 8.0 10 - - 0.5 
- - 0. 1 
- - -
- - -

0.05 0. 15 0.2 
- - -

0.9 0. 75 -
0.05 0. 1 0.2 

0.015 0.020 0.020 20 

61 63 67 
91 91 91 
91 91 92 
92 92 92 

2.35 2.35 2. 37 

31 31 32 

668 671 670 
30 

1590 1595 1600 
1080 1080 1110 

0 0 0 
0 0 0 

40 
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Mfi CK.%) 
s i 02 

A I 2 0 3 

6203 
MgO 
Cao 
SrO 
BaO 
ZnO 
Zr O 2 

Sn 0 2 

A a 2 0 3 

Sb 2 0 3 

Cl 

*Fe203 
ilil.$ (%) 300nm 

400nm 
600nm 
800nm 

81l (g/cm 3
) 

RPHlfilf{ [30-380°C] 
{ X 1 o- 7 /°C) 

•• (°C) 

logr, at 10 2
• 

5 (°C) 

1iffl jAll (OC) 

illiHittl 
it,< ,, 7 .,. - i: 7 •:, Bit 

[0042] 
[ ~ 4] 

(9) 

• 1 1 1 2 

61. 0 62.0 
16.0 15.0 
12. 0 9.4 
- 0.5 

7.0 7.0 
1. 9 4.0 
1. 0 0.05 
0.5 0.5 
- 0.4 

0. 1 0.25 
- 0. 1 

0.5 0. 7 
- 0. 1 

0.015 0.015 
65 72 
91 91 
92 92 
92 92 

2.40 2.44 

34 33 

665 671 

1555 1660 
1105 1055 

0 0 
0 0 

JP 2004 189535 A 2004.7.8 

• m 
1 3 1 4 1 5 

63.0 62.0 62.0 
16.0 16. 0 16. 0 
12.0 11. 0 11. 0 
- - 1. 3 

7.0 8.0 8.0 10 
1. 0 0. 5 1.0 
0.3 1. 5 0.5 
- 0,5 -
- 0. 15 -

0. 15 0. 15 0. 1 
- - -

0.5 - 0. 1 
0.05 0.2 -
0.015 0.010 0.010 20 

70 74 70 
91 92 91 
92 92 92 
92 92 92 

2.35 2.40 2.39 

31 33 34 

668 669 673 
30 

1605 1565 1560 
1090 1085 1120 

0 0 0 

0 0 0 

40 
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flnt (It.%) 

S I 0 2 

A I 2 0 3 

B 2 0 3 

MgO 
CaO 
SrO 
BaO 
ZnO 
Zr O 2 

Sn 0 2 

As 2 O 3 

Sb 2 0 3 

Cl 

~Fe 2 0 3 

ilil* (%) 300nm 
400nm 
600nm 
800nm 

\Ill (g/cm 3
) 

••~••• [ao.;.3·ao°CJ 
(x10- 7 /°C) 

~s C°C> 
logn at 10 2. 5 (°C) -~-- (°C) 

itB1!: 
if I~•.:,, -:J 7- r 7 •:,ltfi 

(0043] 
r ~ 5 l 

(10) 

• 1 6 1 7 

63.0 59.5 
16.0 18.0 
9.5 10.5 
- -

9.0 8.0 
1.0 -
0.5 3.0 
0.5 0.6 
- 0.2 

0. 15 0, 15 
- -

0.25 0. 15 
0. 1 -
0.010 0.010 

72 71 
91 91 
92 92 
92 92 

2.42 2.43 

34 34 

677 680 

1585 1520 

1095 1115 

0 0 

0 0 

JP 2004 189535 A 2004.7.8 

• glj 

1 8 1 9 20 

62.0 61. 1 64.0 
17.0 17. 5 15.5 
10.0 9.5 9.0 
0.3 - 0. 7 
8.6 5.5 6.5 10 
0.5 3.5 2.0 
1. 5 0.5 -
- 1.0 1.0 
- 0.3. 0.5 

0. 15 0. 1 0. 1 
- - -
- 0.9 0.4 

0.05 0. 1 0.3 

0.01 0.016 0.015 20 

71 66 66 
91 91 91 
92 91 91 
92 92 92 

2.40 2.43 2.41 

33 31 30 

682 686 685 
30 

1585 1560 1605 
1100 1115 1045 

0 0 0 
0 0 0 

40 
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.tt • t1 
2 , 22 

Mlit CK.%) 
s i 02 62.0 58.5 
A I 2 0 a 16.0 15.0 
B 2 0 3 11. 0 10.0 
MgO 4.0 1.0 
CaO 4.0 5.0 10 
s;. o 1.0· 6.0 
BaO - 1. 4 
ZnO - -
Zr O 2 - 1. 5 
Sn O 2 - 0.05 
As 2 Oa - 1. 0 
Sb 2 0 a 2.0 0.5 
Cl - 0.06 

~Fe 2 0a 0.020 0. 030 20 

ili1$ ( %) 300nm 40 39 
400nm 90 89 
600nm 90 89 
800nm 91 90 

\!JI (g/om 3 ) 2.38 2.49 
R•Yil It [30-380°Cl 30 37 
( X 1 o- 7 /°C) 

~~ (°C) 675 670 

log TJ at 10 2 • " (°C) 1570 1460 
30 

;iffiilUI ("C) 1090 1230 --~ 0 0 
M1t•:17 7- t,::, •:.,B'li X 0 

[0044] 
~ cj:i OJ ~ "&it ~ 13: , ~ OJ J:: '5" 12 L, , rt: Ii L, ~ • 40 
[0045] 

tf'~OJ{flJil'):'.~'ZJ::'5"12::tf'7::<:mt~trull€tL,, B'.&:~v 1----Z.160 0't--Z.248'ra!)'iiltt 
L,~li, ::O-ifC:1:tRJ:t25lL, H:i L,, :fa:tt12n'~L,~. ~Ll--Z.;:?h I, OJ:fa:tt::tf'7 ;;<:OJiffijllilt 
?'e~-lvfll"t'Z2):'.12J::-,,, m-t~~3oornrn. ffi-t~V-300rnrn, f!I.J-J.V-0. 7rn 
rnOJA~--Z.~~OJ::tf'7::<:~:tRtrt:ILL,~. 
[0046] 

;:>O)J;::;r,::'L,7:ft:~L,~~"&it~r.::'-,Ll7:, ~~OJ!fit~tff{[UjL,~. ~~l"~r.::']J\9. 
[0047] 

~;tt,l,llijl,;tt.~J;::;12, ~1J1§1'J--Z.itri"Z"&it~No. 1~2013:ll1"htill~3 0 0nrnr.::11 
lt -z m ~ ~ v- 5 5 % p;. ..t ):'. iii < , it ~ 4 o o ~ s o o n rn r.: 11 lt -z m j'i ~ t 9 o % J.!.l ..I: ):'. 50 
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I tJ -, E • ~ Ii. 13: 2 . 4 3 1 / c. m 3 J.R '"F )! 11:\ < • ~ t& 0) ff :I ~t t 1g1 l ;:- )! "11 c- $' 1 • AA 
.5Hffil5t'6:30~34X1 o- 7 /'tc-~-,t£, • .m~'6:665'tJ.!l-.t)!i9illJe:.t!J>. Mi&ilii 
0) 1J\ t L l 1! 7 A ~ t& t, ffl I, :11.. l • it;: E • 1 0 2 · 5 i!{ ;{ "J: l'2 ffl ~ "t 1 ~ Ii. 13: 1 6 1 0 't J.~ 
r. >!iffl)S/J.!3:. 1 1 2 0'tJ.R'"F?~lEt!J>. >llll!tt. >'iXff-Hl:1'2t-ll:11..7llJe:.. ser2. jg 
lttt. laBHF1'2t-ll:11..7llJe:.. 
(0048] 

- 15 • .It ~ .WJ ? ~ i ~ irt N o . 2 1 fl v 2 2 13: • ii ft 3 o o n m 12 '/ff lt i m itffl. • r, 4 o % 
J.!1- '"F ): 11:\ t} ? :>e:. • 

[0049] 
m ~ • 12-:, L l , 13: • 1)- ~~Ii. at l'2, ~ ft 3 o o n m • 4 o o n rn . 6 o o n m • 8 o o n 10 
mr2'ifl~l~lrtO)J!itffl..tllll2L:>e:.. 
(0050] 

ffi Tl l'2 -:, L l 7 13: • Ii ~ 0) 'J' JI, ::\= )I. 'r A ~ l'2 J:: -, 7 lJ.l 2 L, E • 
[0051] 

M • 3ft -Ii l5t 13: • =r " =, i-- >'- - "1 - t m L 1 , • a o ~ a s o t 12 '/ff lt i 3f ~ M • m ffi l5t t lA1.l 

2LE'c0)?~1. 
(0052] 

m ~ 13: • A S T M C 3 3 6 - 7 1 0) 15 ~ l'2 ~ -J l l 7 llll 2 L, • ;:- 0) ffl t, i9i l l Ii ~ . 1! '7 A 
0) AA i& i1ii 13: 1h < < ~ 1 . I o 1 n a., t 1 0 2 · 6 13: • i9i ;S ,0 Ii. ? ~ 1 1 0 2 · 5 i!{ ;{ 

"J: 0) ,a fl 12 ffl ~ -t -z ~ Tl t m -t t 0) c- ~ 11 • 2 Ci) ;S fl r, 11:\ L, 1i ~ . m m ,1112 .fl :11.. , L 1 -z ;:- 20 
):!'2~6. 
[0053] 

>!lffl;Sllr2-:,Ll,'6:. J.~'"fO)~ffi?ff-,E. t-r. "8-~lrtt"t:11..-'t':11..3 o 0~5 o o um 
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ffffi~lttJfgljlO)~ffi!~ an-st (p pm/'C) C, 5 o-- 3 5 O'C~;:s~t-Q.IjZ~fit~lffi~ 

a so-a so (X 1 0 -s /'C) c, O)lt (~an-st / a so-a so) i;)t, 0 ~J:: 3. 6 4*fifil1'"e~ 

-Q;:. c ~HcT Ga 

::i::,;;,J;Jy3 >- (comp a c t ion) c~:i, :1Jll~f!l!O)~~;:, :t.15.::Z..HO)ffllfO~:: 

ct? -C~~T G .ti 7 .::Z.. 0)~01:~-Q" ::I ::,; 1,J;J y 3 >-ft, ffili'.Jt{t;i;i\ 6 ""Fi2.~zi < ;:. 
C:7,l'f"t:~-Qa 

C = (1 - (do / d) vs ) X 1 0 6 

C : ::i::,;r"J;Jy3::,; (ppm) 

do : :hll~'1J!f!l!iru0):t.f7.::Z..ffill'. (g/ cm3 
) 

d : 1Ja~f!l!~O)jj7.::z..ffi~ (g/ cm3 
) 

;:. ;:.t,,\ 6, :t.f 5 .::Z..O)~{t;I;:J:Qffift{t;'a"::tJ,~ < "tt1J;;f, ::i >-1,J;J >-' s >-~M1: 

~ Q;:. c i::tJ:Qo 

*~~~6~-;;l:, ffl..Ut-fL,td!a!lt ~~.~ (Tan) #:lff:i;)\6U (Ts t) {tilra::~O)ffl 

~ffi:lfJ;:s~tQ.ti7 .::Z..O)ffffill'.11:tJ~O)~ffi!~ an-st (p pm/'C) c, 5 o-- 3 5 O 'C 

0186



WO 2004/087597 PCT/JP2004/004626 

6 

,:::t3~tG!JZ-:l!:J~~~aso-sso (X 1 o- 6/'C) c, O)Jt (b.an-st /aso-sso) ~it., 

~~J'EO)MfJ:: t) lt)Jj\~ < i"tt~;f, ~~B .. Un:i9.i<i"G;: cfct lA;:, :IJIJQJll!O)lttiH;:~G 

~:J ;.tJ,'.71/ 3 ;.t~~-e~ G;: c~~lt:it.::L-t.::o 

fct:to, ~~,~ (Tan) {-firr:G\6SRR.t (Ts 1) #i!r£1:0)Uffi~t::ai.,:i-c, ff*.!3tab 

ftJjU·;Ui,~,::irrfilti"G;:c:Gt-e~~o 1/E:::,t, 2fs:~'3Jn:::t3lt~-C, b.an-st f;;t;:O)~O) 

{lfi~ ~:it~9 -Qo 

*~~O);Jj'7;z_};;t, ~<f.;,~ (Tan) #irri,P6li (T st) ftirr£1:0)Uii~,:::a~t-Q 

~WJ.!3tdtJ~O)~ft!b.an-st (p pm/'C) C, 5 0"-'3 5 O'C{:::to~tGlf~JfflM& 

(ho-as o (X 1 0 -& /'C) C, O)Jt (b. a n-s t / a 5 o-s so) ;Qi, 0 J2J.J:. 3. 6 4 *ri!il((:'d!) 

~;: c ,::J:: t>, :bDH:f:!l!O)~,::~ C Q :J ;.t l't71/ s ;,.,1,119~ tl-Qo JJ.~a~H::~;;t, {?iJ;U;f, 

~ Q~{?iJ""EJfl v~t.:: '"Fia:¥-Jffi-e>.t<~ Gtt-Q ::1;,., 1,91/ 3 ;.t;Qt 1 9 o P pm*~-c'd!> 

::J ✓ ;, ? 1/ 3 ;,tO)~)'E 

ffi.1ftll.t.f 7 ;z. ~t&:17\1;:pjz~ L-tdl, ~lf.i't.t{-tiliO)t~ l P~!Wll~{ffi L, -C:Q\ 6~~ 1 'C 

/73'-C~rm\.£1:~~9-Qo 1J6ttt.::t.f7;z,~, rfrJ'EO)~t::tJDIL-t.::~, 9 0 0'C£-c'1JD 

~L,.~U-el~~fflL,~~~~~l00'C/73'~~~£-c'~L-~A~~ 

~o ~!::, liit!f..J.A~jj:, ;z,0)!¥i513t1,1t 1 7. 8 d Pa • s cfct-QU (Jll!~Mi) £-e~tli! 

!l'.1 o ot/~1:1111~1.,,, ~u-e s 1F.JrllinL-t.::~, ~~ 1 o ot/lF.f-e~lf.i'L--c 

ffit~B~1~-Qo 1~Gn-Qliit~A, BO)WJ13t (dA, dB) :a:O~-c'~~-Qo :J ;.t;,9 

-Y 3 ;.t C ( p pm) ~;;t, ;: 0) J:: 5 ,:: L-'t1~ 6 :tt-Q Wi13t ( d A, d B) c '"F~j:\~ JfJ It ~-c~ 
l±ii" -Q;: c;Q!""{:~ Qo 

C= (1- (dA/dB) va) X 10 6 

o~c~::t. :t□-l=*JvA c«;.t?1? □ □.:r.?1 ;,.,~t.J:; ;z,O)WJL(tci~u£~L-< tct~J::-; 

I:: 7.ffi.g. L, td~ ~ JfJ t, ~, ;: :tt :a: .i\ttt.::t.f 7 ;z. c::;,., :a:U~ffic :a:¥-it.:: ittol<ff!H::.i\:tt, t.f 7 A 

~i,)tc c£Gulfit~ffllj~ Q;: cl::J:: l'.J jj7 ,AO)*t(t:a:?Jl!I~ ~11~'1:'6-Qo 7 Jv=t- /. 

:;;z.~-c'=f ~fflUJ'E L-, 1ifl3tM~~O)ffl~-tJ-;,.,:tJv c.lt~ .:f> ;: c-c'~ ctct .:f> 71:; ;z. O)ffi 

!l'.M~~JEi"Go 

jj7;z,O);f.513t:¢tl 7. 8 d Pa · s cfctGU (Jll!~M) ~;;t, ~<f.i't.t (!¥6.!3t: 1 3. o 
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d Pa· s) .t:>J::~,~ (~Jr: 1 4. 5 d Pa· s) ~Jflv~-C, -~ 1 0 0 0 /T (K), 

-$11)~~1:ft ( d P a • s) c: G -CY v::.17 A :1□ ':I r t:-C{~.':>;:, c:t/t-r:~ .':>a 

6an-st /aso-sso~J:, fff*G<~t3. 5 OW.ri!a!>.':>o 6an-st /aso-asot,,t3. 5 

0 W.r-C:a!>.':> c, J:fi3.:f.)ffi-C:*~ 6tl.':> ::I ✓/'~!;; $-13 ;,,t,,t 1 8 0 p p mJ2Art: ~ti: fJ '5 .':>o 

J:~.:f.Jlli!*366tt.':>::r;,,;'t7$-'3 ;,,t,,tl 8 op pml:J.ri!a!>tltf. .fill~~D.EltH:~<T 

.':>;:. c:tJ: Gi::, 1JD~O)~~;:~~T .':> ::r //,!l $-13 ✓t,,t+,t~;:{J;f~c!tl.':>;:. c:t:tl:oo 

Ut,,tJ::ff. T .':> c:, ;JJ 7 A ffi1W~ttntJ:¥f. G, ~il!M, ;JJ 7 A 0)0:1□~7' t: b-t 

o N'.fim ~ J:: fJ jWj7.ffil i!O)ftJlH::ffiM x '5 .':> ~ O)""'-c:ft"'t .':> ;:. c::¢t~,~,::t.;i: o ;¢t, :;$:~lY:I 0) ;JJ 

7 7' f;i, ;:. (1)r1:1~Ji!Ii;(lt,Wrt,ltc! tl-Cv~.':>o 

6an-st /aso-sso~J:, J::tl!ff*G<~t3. 4 OW.ri!a!>tJ, c!6l::Pr*G<~i3. 2 

o w.r-r:a!> tJ, d s ~=tff* G < ~i 3. o o J2Ar-r:a!> f'.J, 2. s o J2Ar-c:tf!>.':>;::. c:;jt!M':i::tzf 

*uv:\o 

*~fY:!O)jj7 7'~;;!:, 6 an-st / a 50-35ont O W.J:. 3. 6 4*filil1t:t~QJ:: '? t:, jj7 ,AO) 

~.sx;/5.t,t, ~~a'iJ~::~ir~ 7 ,sx;5J-O)Ult~~:fR9.':> ;:.c:-r:tzfiiiH~l!So~T-Q;:. c:;jt-e~oo 

~7 Jv;J:J 1) jj 7 7'~i, .:l:.c: G -Cl:.J."f O) 7 .6x:?ti!fflJ;x;dtl.':>o 

Si02, Al2 Os, B2 Os 

MgO, Cao, SrO, Bao 

J:ffl:i::J2if&Gt.:. 3 .6x:fHi, .3:.C: G-Cjj 7 7' a:m,Gx;g.':>,Gx;7.ti!a!> t), r&t:aEif&Gt.:. 4 .6x: 

73-~i, jj 7 7' a:~;¢\Tt.:.360)11!1ilJ.6x:7ti!a!>oo 

*~lY:l#G~i. n:17't:.t:>~toJ:fc 7,Gx;,tO)~~h%~~x -c~~f-rt,~, J:~ 1,15x;,t 

c:, 6 an-st / a so-3 soc, O)ri;m;:~;t, J2Ar0)~,fjnta!>o;:. c: ~Jlt,~tiut.:.o 

6an-st /aso-aso !J\ Si Oa <Al 2 Oa <B2 Oa * 
1J\ MgO<C aO<S rO * 

c! 6 l::, ~tt~~Lt't .':> c:l:.J."f O)~ffint.sx; tJ TI.:J;:. c:ntMt~c!fl-Qo 

~ MgO<CaO<SrO<BaO * 
*~~#6~i, 6 an-s 1 / a so-3 sont O J2AJ:. 3. 6 4*filil1,::t.;i:-Q;:, c: i::1Jax -C, 7-{ A 

:1 v1' Ut: M!Jfl d tt.':>~ 7 Jv;J:J 1) jj 7 A l::Jt)Jta tl.':>ft!!O)!M':•li, ~Ux ~tit B HF tt, it 

fi1ttt, 7 Jv;J:J IJttO) v1/7' H'JtJl1'~i::M9.':>ffii.f!l\tt, ffii.ffflf~, ~i2iG~:: < c!~eoli,f.t6'.\ 
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G te>~t-J'L,, i;rFt::~'t*~JJ:J(J)ffi7 JviJ 1) jj:y ;z_OJtff~~~t,'lt.=L,t.:.o 

6 8%SS i 0 2 ss 0% 

0 %SA 1 2 03 < 1 2 % 

0%<B2Oa<7% 

0%SMgO<12% 

0%SCaO:Sl5% 

0%SSrO:S4% 

0%:SBaO:Sl% 

5%:SRQS18% 

;:: ;: 1::\ %fllf2m.ox;BOJft~~ 1 O O % c L,t.:.~OJ-=E:Jv%'"c"~ t>, R Of;tM g O + 
C aO+ Sr O+B aO~~l.,-CV~-Qo 

~,::::4s=~IJ:JO)'}J7 AOJitJDixJ:::Jv'.l'"C -=E:Jv% ~~i::% c~~L, -c-mJJ:J't-Qo 

S i02 ti:*-yf'IJ-~7~-xi:~'?, ~-~'°c"~-Qo J:~L,t.:.J::::H::, S iO2 tt., 

jj7;.z.~:m.J;x;T-Q3,5x;7t (S iO2, Ai2 Oa, B2 Os) i:fl, .6.an-st /aso-aso 

:a::&te>tJ\~<9Qo :t-OJt.:.i'i.J, *~JJ:JO)jj7;z_fj:, s i 02 OJi3"~ii'JfttJ~l,,'l;:ctJiff* 

t..,t.,'lo ~{<$:(J(Jf::~-;;t ;.$:~IJ:JO)ti:.J.7-{~t s i 02 O)i3"U1Jftnt6 8 %~8 o %~r-ec!!> 

-Qo s i 02 (7)i3"~ii'Jftnts o %i!il'"c"fi'}J:.J;:i_(7)m1'Mint{lf;""fL,, *t.:.~L,~'t<tJ:Qo 

s i 02 O)i3"UJftfitff* G< fi 7 5 %~r, J::: OW-*G< fi 7 4 %~r, ~ Gf::~'f* L, 

< fi 1 s %~r. ~ G i::w-* t..., < ,i 1 2. 5 %~r'"c";;., tJ, ~,::w-* t..., < fi 1 2 %~r-e 

;;.,-Qo s i 02 OJi3"if=n!ftlftnt7 2. 5 %~r'°c";;.,-Qc, ti:Y.7-0J.ox;:m1i:t:;J:::V~UO) 

~~~::!Wf~;:{ffn-Qo ffi L,, 6 8 %*~-r:~i.l;tliit:tlll (W;llit:bO) , ~~flf;r, ~111f-~:ft 

:bO, ifiMffll'li-0.:tr, i!iiiYJv;fJ 1)'~~r, *tdii!ii1BHFtt{ttrtJtifl!,-Qo s i 02 (7)-aUJft 

fiflr* L, < f;;J: 6 9 %~-L J::: I? ff* L, < fi 7 O %~J:'"E~-Qo 

A 1 2 Os f-;:J:, ~,~1:f-;:J:fJ:t,'.1;¢fjj7;:i_OJ,:,:ffi~:fttl$fJL,, *t.:.~~~iWi<T-Qt.:.i'i.J, i3"~ 

-t-Q;:c;¢1ff*L,t,'lo {[L,, J:!2L,t.:.J:::':'5f::, Al 2 Os f-;:J:jj7;:i_~:m1£9-Q 3.ox;,:,i:p, 

S i 02 J;:_ct.r-t"( .6.an-s t / a so-aso~:k:~<9-Qo -tOJt;::.i'i.J, *~~O)jj7;:i_tiA 1 2 

Os OJi3"if=n!ftlft;ot{ret.,'l;:ctJtW-*L,t,'lo ~{.$:(J(Jf::fi, *~IJ:JO)'}J7;:i_f;t, Al 2 Oa OJi3" 

UJfttJ10 %~1: 1 2 %*~'1:';;.,-Qo A 1 2 Oa OJi3"U~fi, ff*L,< fi 11. 5 %~ 
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r--rtl> IJ, J:: l?W*G < ~;;t 1 1. o %~r--rll> IJ, ~ Gi:::w*G< ~;;t 1 o. s %~r--rtl> 

IJ, aGt:ff*L,<,il 0. 0%&1.r--rcf!)l'.L 9. 5%~""f--rcf!)Q;:c:;¢t~,::ff*Vv~a 

r13ifliJi~K'::15IDE~ttf.tt.,~;¢t, 7tffiffllffiJJO)t.:.~~:::~iU~a-t Q;: ctJtff* L, <, 5 %~ 

J:--r~Q;:c:;¢tff*L,t.,~o Al 2 Oa ;o15 %~.J:--rcf!)Qc, :J.17A0)7tffi~ffllfliUTQ1)1:~, 

:t.3J::~~~~~Q5f.lJ*':.{ltLtv~Go A 1 2 Oa 0)13~·t1J,e-~;;t, W*G< ~;;t 6 %~1:, 

J: tiff*G< ~;;t 1 %~1:, ~ s,:.w*G< ~;;t 1. s %ru, 4f:,:::ff*G< ~;;ts %~.J:--rcf!) 

GaAl2Oa~8%~J:--r~Qc,:J.17A0)7tffi~ffll~TQ~*-~J::O~~~~Q 

1JJ*;¢i~,:::{ltLTv~Go 

Si 02 c:A l 2 Os 0)13tfll;O),e-fj-,;;t7 6 %~1:'°c'tl)Q;:c:;¢tff*L,<, J::l?ff*L, 

< ~;;t 7 7 %~J:, ~t:ff* L-< ~;;t 7 9 %~J:'°c'~Qa ;:0)-e,fj-;ol 7 6 %~J:'°c'tl)Q c~~ 

~ aiiii'iJ Q~)JJH::: filtL Tv ~ Q a 

B2 Oa ~;;J:ltffl: (W!l) ~,J,~< l,, ifu1BHF'li~~< L,, :J.17AO)mmtt~aiii< L,, 

~L,,::: < < L,, *tdfe~Nffi~~,J,~ < "t Q,5x;7t'1:'tl> I?, ~-~--r~Qo @ L,, J:ffa Gt.:.J:: 

'? ,=., :J.17 A~~~Q 3 pjc;7}i:p, Aan-s t / ll so-aso~:iflt>::k~ <TQa -i:O)f:::..i'i), * 
~~O)jj7A~iB2 Oa 0)131fjlJ,e-;¢1<Jt1,,~;:c:;¢iff*L,t.,~o B2 Os ~;;t{~~!lwitftU 

t!O)~ {~~it'"r ~ G 0)1:\ B 2 O a 0)13UJ-e-tJ!<Jt t., ~ ;: c ~;;J:ffl~~/,O)M~::;!j ~ T 1b 

ff*L,t.,:i;:c:'"c'~Ga A~a~n::,;;t, *~~O):J.17A,iB2 Os 0)13tffJ-@i-tJ!Q %ltfi7 %* 

~'°c'~Qo ""f!Sl{rnH;;t~,::13.m~~Mt.,:\;¢1, 2 %~J:'°c'~Q;:c:ntff*L,t,:\o B2 Oa 0)13 

UJ-e-:¢i2%~J:'°c'~Gc, lt'.m (ffiOO iJ'!J::l'.J1J,~<, iffi:tBHF'li~J::tt:J.17AO)m1W 

tt,::t1ttt:t.31?, ~~ffi~~1J,~ < T G3l.lJ*;¢tfflttt~ l'J, ;¢\-:JJ:: I? ~Gi: < < f.too 

B 2 0 3 OYeitrta-e-, ;;t, ff* L, < ~;;t 3 % ~J:, J:: IJ ff* L, < ~;;t 4 % ~J:, ~ 6 ,::ff* L, < 

~i 4. 5 %~1:'"rtl> IJ, :11:tW* L, < ~;;t 5 %~J:'°c'~Go B 2 0 a 0)13n1J-@i-;¢t, 4. 5 % 

~J:'°c'~Gc, ,5x;~1i, ~Ji!lO){Ifi'JtaJ::~tBHF'lif::~i:.{ltL.'Qo *t.:., HO)~ 

:l;{t,::: 1b~4"t Go 

Si 02 c:B2 Oa 0)13tfi10),e-f!-S i 02 +B2 Oa ~i7 5 %~J:'°c'~Q;:c:;¢iff 

*L-<, J:: l'Jff*L,< ,a: 7 7 %.BI-J:, ~ ;i::ff*L,< ~;;t 7 8 %~J:, :it~ff*L-< ';;t7 9 % 

.BI-J:--rcf!)Qo ;:0)131fi10)-@i-fj-7,1! 7 5 %J».J:'"c'tl).'Q C, Jt'.m (ffill} ~J::~~fJii 

llt.t~~Qo 
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Al 2 Oa 0Ji3'1f:ii~B2 Oa 0Ji3'1f:IU::J::·:>'t~L,t.:.A l 2 Os /B2 03 ~;;t, 2. 

o J2ff1:'3!>¢;:. ciJttff* L, <, J:: tJ W* L, < ~;;t 1. 7 J2l.""F, ~; ~::tff * L, < f;;t 1. 6 J2l.""F, 

~t:tlfa::L,<~:tl. 5.12J.""Fl"3!>¢a Al 2 Oa /B2 Oa:¢12. 0W.""Fl"3!>¢C, imtBH 

Ftt~:-/ltl"fv'.1¢a a::t.:., Al 2 Oa /B2 Oa ~:to. 8.12}.J:'1:'3;¢;:.ct,,~*L,<, 0. 

812l.J:'"!:3!>¢c, m,~~"jijj0.)¢5f)J:~U::{ltl"fv:1¢0 Al 2 Os /B2 Os f;;tJ:: tJtff*L< 

f:;l O. 9 J2l.J:, ~i:_:tff * L, < ~;;t l. Q J2l.J:l"3!>¢o 

A 1 2 Os c:B2 Os OJ"2i1fliOJftlt~S i Oa 0Ji3'1f:lt~;::J::-:,"(~L,t=. (Al 2 Os 

+B2 Os) /Si 02 ~;;t, 0. 3 212l.""F'1:'3;¢;:.cnttff*L<, J::tJtff*L-<f:t0. 3 

112l.""F, ~t:W* L, < f;;t o. 3 o J2l.""F, :li~tzra:: L, <~;;to. 2 9 .l2J.""Fl"3!>¢a ;:O){iiiiJt o. 
3 2 ffl--r:~'iifffltttntflt""FT ¢S-ttliJ1if.>¢o 

MgOf~,~~~-;ttJ:t,'.lt)t, lt1fi (ffi!ft) =a:1J\d< L,, jj7.7-0)~f!¥tt=a:jl1fj<T¢t.:.0.), 

i3'U¢;:.c:¢tt!f;::L,1,,:10 MgOtJSl 2%Jli!'"r~;;tjJ7.::Z,t,)t71ffiL,~'t"<tJ:Q, ~L,~'t" 

< i"J:¢, im1BHFttiJtflt""FT¢, a::td'iffii1fflt'litJ!{Jl;""fT¢a tJ:.:a, jf 7 .::Z.0):$:tffi:tJIJf!ill 1,k; 

~61i.I1::, itB H F•ti.:aJ::rtffiitffltiiOJ!iiJJ:c It~ '5QF.KiJ~ b, Mg O0)"2j~Jftf-;t 1 0 %.12}.""F 

~iv.)¢;: ciJWa:: L,l,,'.10 *t=., Mg O~UJftil! 1 0 %.12}.""Fl"cf.>¢ c, jf 7 .::Z,O)~mtt 

(;: titl "(I,, '.IQ O ""Fl3JMmn:t~~=~IDi::d MI,, ~ii!, J:ftl L, t.:J:: '? t:, jJ ?' A :a::~1/Rd 1t Q ~J 

JJx:71 (MgO, Cao, SrO, BaO) i:p, .6.an-st /aso-sso:a:::li~tJ\d<T¢;:.c 

iJ'l 5, :2fi=§M~O)tJ5' 7.ft, Mg O0)i3'UJft:a::*~ < T¢;:. ciJtti:_f;:: L,1,,:io Jt~a~:H::~;;t, 

:zfs:~a,ijO)jf 7.::z. ~;;t, Mg O0)J3'U.Jft;¢t 2 %.12}.J:.~iv.>Q;: ciJ!ff;:: L, <, J:: tJ tzra:: L, < ~;;t. 

a % J21.J:-e iv.> tJ • d ; i:w a:: L, < ~:t 4 % J21.J:-e 3!> ti , d ; i::w a:: L < ~t 5 % J21.J:-e ® i, , 

6 % J2l.J: --r: 3!> Q ;:. c tJi~ ~;::ff a:: L, 1,, :io 

Ca o~~,~~~;;ttJ:t,:it-Jt, ltffl (W!ft) :a::,J\d < TQf.:0.), jj 5' 7.0J~mtt.=a:jl1fj < T ¢ 

t.:.r/J, a::td;;tQL,~:: < <T¢t.:.~~;: 1 5 %*"f~1fl,"f~J::v:io Ca O0)"2i1fWIJ-8-tJt 1 

5 %ffl"'c'~;;t, ltmfi:tm (WJ:lfi:1:J□) a::td~ffi~fi:JJ□:¢~¢S-ttl:¢i3!> IJ, a::t=., t.J~ x 

-:,"(1,k;~L,-\OT<tJ:Q.:t:;-t"tliJtcf.>¢a CaO~;;t, t!f£L,<f:tl 2%.12}.""F, J::tlt!f£L,<~;;t 

1 o %12l.""F, d 5 ~;:tzr;:: L-< f;;t 8 %J2l.""F, ~l::tzr;:: L, < ~;;t 7 %.12J.""Fl"cl!> tJ, :li~tzra:: L, < 

~;;t 6 %12l.""F1:iv.>Go C a O ~M Q;llft, -t~1fiU'i 0. 5 %.12}.J:'"!:3!>¢;:. ct.Jit!f £ 

L,t,:io J:: tJ tira:: L, < ~-;t 1 %J2l.J:, d; i;:Jf£ L, < ~;;t 2 %J.;J.J:l"i1!> tJ, ~~;::ff£ L, < ~;;t 2. 
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5 %.12).J::1:'tf!>,go C a OOJ"a1fftl-€;tJS 2. 5 %.12).J:: 7 %.12).r'"'eif>,g c, tf 7.7-0Jffi,Wtt~ 

j@jl/.:r:r:::>, ~~!A]J::~itQ? x. --r*~::fltrtt,,:i,go 

Mg O OJ"aflil~ Mg O c C a 00J"a1f itOJ-€riltl::J:-::> t~ L, t ... M g O / (Mg O + C 

a o) ti, o. 2 fil'"'etf!>,g;: ciJtff*L,<, J: 1'.Jff*L, <~;to. 2 5 .lJJ.J::, *I::ff*L, 

<~to. 4.lJJ.J::"'C'cl>Qo MgO/ (MgO+C aO) t,,tO. 2.12).J::'"'etf!>,gc, Jtffl: (mOO 

.t3J:~~~iJt'MfJ:~1:'il> 'J, ~ an-• t / a so-as o ~jl,j,{~ ,gO)f;:ff* L, <, 'tJ"f.'-:J 

-\7 :--~ ~:11::kT Q OJ i:: t> ff* L, 1,, :io 

s r O~-;t, ~,~-etttJ:v:iiJtjJ 7 .7-0J:frffi-a:1lllffi!JL,, *t ... QL~:: < < T,gp_x;:fr""c'il> t>, 

.lJJ.r~::~~,g:EJl!liH::J: l'.J"a1ft,g;: cntff* L,t,,:io 

J::i2Lt.-..J:5~:: .. #:i.7--a:ffiil!~it,gil!1f!J.5x7.t (Mg 0, C aO, Sr 0, B aO) i:p, 

Mg O~i~an-s t / a 60-350:a:,J,~ <TQ;: c:."/J"f.G, *~l?}JO)jj7 A~i .. Mg OOJ"afl~J 

-€r-a::k~<TQ;: c:.t,,tff* L,t,,:io L,t,,'.I L,tJ:t,,-ti;, Mg O~tb<"afl~itQ c, tJ7.7-t,,tJt 

~tt-J~L~T<tJ:Go *~l?JJ:ffG~i, #7.7-l::S r 0~Mt~ttfl~itGc, tJ7.7-

-a:~~itG;: ctJ: L,~::, Mg OOJ"afl°:m:-a:iWi < TG;: ct,,t-e~ G;: c-a:~v:it.:Gt.-:o @ 

L,, S r O~i, 4 %Jffl1:'~i#:i .7-0JJtffl <mil) iJ1':kt¥ < tJ: t>T~Go S r O~iff* L, < 

~13 %.lJJ.r, J: t>!it*L< ~12. 5 %.lJJ.r"t:'if>,go {.!;!L,, jJ7.7-~~~itG;:ctJ:L,f;:, 

Mg OOJ"afl°il,a:jij~-Qt.-:~I::~i, 0. 1 %.l2J.J::13"1ft G;: ci.lW:* L, <, J: l'.J tlr * L, < 
~:i: o. 5 %.lJJ.J::1:'tf!> tJ, ~ G f;:9:f* L, < ~i 1 %.lJJ.J:.-etf!> l'.J, ~ G ~::W* L < ~:i: 1. 5 %.lJJ. 

J:."t:'3!> l'.J, 2 %.lJJ.J::1:'il>G;: ctJt~i::W* L, v:io 

B a O~it0~-e~-;ttJ:t,,:it,,s, #:i .7-0J7i'ffi-a:fmflirJL,, *t._QL,i:: < < TGt.-:bDt: 1 % * 

1:"'a1fl.., tt>J: <, !if* L, < ~i O. 5 %.lJJ.r"t:'il>Ga Ba Oi.J'i 1 %ffl"'r~iJtm: (mOO "/J1' 

:k~<tJ:l'.JT~Ga Jtm: (~00 ~J:".J;J,~< L,t:::v:ii}.g.~;:tB aO-a:"aflLtJ:t,:i;:cnt!if 

* L,t,,:io Ba O~:i:, 1~'T~Jtft~~'"'e'1J~~::ffifE~tl.tv:iGt.:.~, B a O-a:-a;;fif L,tJ: 

t,,~;: c~iffl~.f'\.O)~~~~;t tt>ff * L,t,,:i;: c:.1:'il>Ga 

S r O c B a OOJ13"1fll:OJ-€rfft S r O+ B a O~:i: 6 %.lJJ.r'"'eil>G;: ci.J1'ff* L, <, J: l'.J 

ff* L, < ~i4 %.lJJ.r""c'il>Ga z:OJ.g.ITT:ll;t,,t 6 %Jffi1:'~iJtffl (!&ill) t,,1:;kt¥ < tJ: ti T~G.to 

.:e-M1'tf!>Go Jt1i-a:J:t>1J,~<L,t.:.v~~- *tdiS iO2 +B2 Oa iJ1'79%.lJJ.rOJi} 

-€;, S rO+B aOfi91-*L<~t4%.lJJ.r, J:1'.Jff*L,<~i3%.l2.l.r'"'eil>Go tJ:.to, J:t> 
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~L,l:: < < L,t-:1t:i~tJ;;t, s r o+ Ba o~to. 5 %~J:.-e~-Q ;::cnttff*L,<, J:: 

".J tff* L, < ~';;l: 1 %~J:.-e~ l:J, ~ S l::tff* L, < f';;l: 2 %~J:.'"c'c1!>-Qo 

:;ifs:~~(l)jJ7 .A~';;l:, Mg O, Ca 0, S r O.toJ::ttB a O(l)13'UJ-@i(l)~m-, '"tt.d:rs 

Mg O+ Ca O+ S r O+ Ba O (RO) il•, 5 %~J:.1 8 %~r1:'?1!>-Qa ROnt 1 8 % 

ffl'"c'?J!>Q c, .ttm (~Ir) nt*~ < tJ: l:J9~Q.t::>-ttln't?J!> l:J, *t.:., ~~J~IG¢t*~ < tJ: 

~9~Q,13~tLnt?J!>Qo RO~';;l:, 16. 5%~r'"c'3!,Q;::cnttff*L,v:io ROtJil 6. 5% 

~ r"t" ?J!>tL~:f, .ltffi:s J:: ~H~tMtJ:{ig c tJ: Q o 

*t.:., Mg O + C a O + S r O + B a O (RO) ~';;l: 5 %*rifey'"c'~';;l:, jj '5 A (l)m,Wf;Et.,t{.!!; 

r'"tQ-13-ttLnt~Qo RO~tJ::tHff*L,<ft5. 5%~J:., ~StJf*L,<~t6%~J:., 

*l::tff * L, < ~';;l: 7 %~J:.1:'?J!>Qo 

*~~(l):J.1 '5 .A~t~Jt139t:.J:.ta~n:i stJ:QiJt, -t(l),ftg(l)~,,.:a:*~~(l) EI 139:a:-ffltJ:b 

tJ: lt :iffilffi--C--a;f.f v-r lE> J:: lt :io ilf.rai3-t(l){tl!,(l) Jjx;,t(l)13";f.f -(l)~ffl" ~';;}: 1 0 =E:Jl,, % ~ r'"c' ?1!> Q ;:: 

c:iJ'ttif * L, <, J:: l:J 9r* L, < ~';;}: 5 %W.r1:'©Qo 

MiE-t(l)M,t c L, -C;j.:(l) J:: ? tJ: lE> (l)iJtt¥;~j S tl.Q o "ttJ::b 'S, S O s , F , C 1. S 

n o 2 ~:a:, ~M'li, nf~, ~~'Ii :a:-~J:. ~ it Qt.:.~ t::, riDffilffl'"c'ft'Ei;f.f L, -c ie J:: 

· SOs 0--2=E:JJ.,,%, tff*L,<~t0-l=E:JI,,% 

F 0---61::JJ,,%, tff*L,<~t0--31::JJ,,% 

CI 0--6=E:JJ.,,%, tff*L,<~t0---4=E:Jv% 

s nO2 o--4=E:Jv%, tff*L,< ~';;l:0--1 =E:JJ.,,% 

tJ:-13, ;::ttS:a:-13";f.f~itQ~~- i3';f.ffl(l)~ffl"tJ'tl 0=E:Jv%*1:'- tff*L,<~a:5=E:Jv% 

*-e, J::JJtff*L,<~ta=cJv%*-e, !Wi:~::tff*L,<ft2=c;v%*1:, l!l::tff*L,<~t1 P 

p m- 2 =E:JII % (l)ffilffl"t" ?1!> Q o 

*f-:, f/iJ*(l)J!!EBl::J:: l:J Fe 2 Oa , Zr 02 , T i 02 , Y 2 Oa ~:a:riDffilffl'"c'Jiffi 

E:13';f.f L, L ~ J:: l,, :'.lo 

Fe2 Os 0-l=E:Jv%, tff*L,<~t0--0. l=E:JJ.,,% 

Z r o 2 o ...... 2 =E:Jv%, ~r* L, < ~';;l: o -1 =EJv% 

Ti 02 o-4=cJv%, tff*L,<fto-2=c;11% 
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y 2 0 a 0 -4 ,:Jv%, ff* L, < f;;t 0 ,.,_, 2 ,::}v% 

Ce 02 o- 2 ,::Jv%, ff* L,< vi0-1,:JI,,% 

tJ::s,...t~"C"©~O)~~~~~~,t,Q~,~~~O)~~(SOa+F+Cl+SnO 

2 +Fe2 Oa +z rO2 +Ti 02 +Y2 Oa +CeO2) ntl 5,:Jv%*1::', ff*L, 

< v:t 1 o ,:Jv%*1::, J:: tiff*L, < v:t 5 ,::Jv%*1::, ~~:ff*L, < i:t 3 ,::Jv%*'1?, J!f: 

tw~ L, < vi 1 p pm ....... 3 ,::}v% O)ffijlffl"t:''5-oo 

t.;r:,:J3, ffl:.!l.:J3J::tJ1J tt-1' :7 Jv~~ltt-o c:, As 2 0 a , S b 2 0 a , Pb 0, Zn 0 

sJ::tJP2 Os vi~Jltagf:~~L,t.;r:t,:i;:c:;o'!ff*L,t,lo 97.J:tr!S, ;:nG5~Jt(7)~~:fl 

vi..'ftl-ttl 0. 1 %£.CF1?'5-?=>;: c:;¢'!ff* L,t,lo ;:n; 5 ~~(7)~~:flvi, *~1::' 0. 1 % 

J;).""f""(:'5,0 ;:_ c;¢tJ:: ti tff * l,t,lo 

{Ill,, z n Ov:-:Jt,l'"'("y';i, ~1::7 o- r~i:J::-o.lit~~f.r?~vi~-l~l~H:~~L,t.;r:t,:i 

;: cntff * t., t, :int, ,.'f©~© .6¼~, t.:. c xJi.-:tr;r;, ~ □-iiH:: J::-?=> .lit~~f-r 5 ~*v: vi 

0 . 1 % ~ffl.:l 'Cir:m'§'1s~ V-r it J:: t,. lo ~v::, Q L, v: < < L, t.:. t, :i~ f;::Ji, 2 % a::'1:(7) 

ffilffl--Ci3"1:f°9-:>;: c:¢1:tff* L,t,lo Zn O©'Ei1f:lt:IJ'! 2 %ffl'1:vilt11! (!;fft) t)'I*'e! < tJ: ti 

't ~ -o .:S-t"tl:IJ'! ilt>-o o 

*t.:., As 2 Oa, S b2 03, !M:l::S b2 Oa i:-:JltY-Cvi, J::tiffltil•ti~fi!iJ...t~itt.:. 

t,.l:li*~:ti0. 1 %~m.:t tfi~~L,ttJ::t.-:io 

T i 02 vi7 □- r-f.lH:J::-o.lit~~f-r5~vi~,ta~n:~;flf t.,t.;r:t,l c::::. cntff* t.,t,lnt, 

..'f(J)~O)Jit~~- t.:.c;Ui7'? ✓ ~ o-$i:J::,QfflG~~f-r5:li*v:vi o. 1 %~ffl.:t ti® 

1r*;fifL,tt>J::t,:io ~i:, QL,f:< < L,f.:_t,,:if.1*1:Ji, 2 %a;:-c:©fffilffl'"'c'T i 02 ~~ 

ffT-:>;: cn'Iff* L,1,,lo T i 02 (7)~~:lb~'! 2 %ii'1:vi.l:tffl <mfft) t)'I*'e! < tJ. ti"t~-?=> 

s ..'f nij'! '5-?=> 0 

*~IY:JO)jj77'0)J:t11! (!;}3t) ~i2. 4 6 g/cm 3 J».""f"t:''5-:>C::::.c:IJ'!fif*L,l,,lo jj7 

7.(7).ftffl:¢'! 2. 4 6 g /Cm 3 J;J:F'1?at>-?=> CT,( A :1v1' (7)~:fl{tf:c? tff:lm-€i-'1:at>-:>o 

jj7 7-0)ltfflvi, J:: rJfif*L,< vi 2. 4 3 g/ C ID8 J».r, ~ Gi;:ff* L,< vi 2. 4 0 g 

/cm3 W.r, ~~;:tff*L,<vi2. 3 9 g/cm3 W.r, &itfifa;:L,<v:t2. 3 8 g/c 

m 3 W. "f--r: '5-o o 

*~IY:I (7) jj 7 7- (7) 5 0 ....... 3 5 0 CC i:.:s ~t-olll~-51~1!( a so- a so vi, 3 . 4 X 1 0 -
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6 /°CW:f1:cl;-?>;: cnW* L, <' J:: tH1f* L-<tt 3. 2 X 1 o-s /ttrF, *~;:ff* L, 

<~13. ox 1 o-6/°C.!:.(F, !ii:tff*L-<~12. 9X 1 o-6 /°CJ2J.r-Ccl5-?>o Oso-ss 

oiJ13. 4X 1 o- 6 /°C.12),r'"c'cl;.gc, iJHl\itti::{lti.--rv~-Qo *t.::, (]50-350~12. 

4 X 1 0 - 6 /'C .12),J:. -C cl; .g ;: c ntff * L, < , 2 . 4 X 1 0 - 6 /°C .12),J:.-C cl; .g c, :}J 7 :J..~ 

~J:J;:s i o,. ~s i N,. ~dL-t.::~i::, :JJ7:J..~mc;:tt;OJmcOJW51x-Y-r✓ 

~n1Jil.ff-C:cl;-?>o ;:OJfi,R.(i)'.IIE,~1, a so-aso~1J:: l'Jff* Lt< •12. 6 X 1 0- 6 /'C.12),J:., 

~ 6 i::W* L-< ~12. 7 X 1 o-a /'C.12),J:.'1:'35-?>o 

:::i )'/~~ 1/ 3 )'~{If;~-?>, A~l'J9tJ11 9 o P P~1i1!1c9.gt.::ot>i::~1, 6 an-• 1 

(p pm/°C) .10.12),J:1 2. O*lf,li-C:cJ;.g;:cniff*L,v~a 

2fs:~!Y]OJ:}J77-.0J~t.(~16 5 O'CJ2J.J:'1:cl;.g;:ciJiff*L-<, J::l'Jff*L,<~16 6 O'C 

J;.tl:.-c:cl; l'J, ~ 6 t:ff* L, < ~16 7 0 °C.12J,.l:'1:'cl; l'J, ~ 6 i:.ff* L, < ~16 8 0 °C.12),.l:-C:35 

l'J, 6 9 O't.12),J:.-C:il;-Q;:c;¢i*i:.ff*L,v'.lo 

;zjs:§e~OJ:JJ:17-.0J~~ntl O 2 d Pa· s ctJ:-QUT2 ~1, 184 O°CJ2J.r'1:cl;.g;:: 

ciJiff *Lt<, J:: l'J tff *Lt< ~:t 1 s 2 o tJ2J.r"t:'cl5 l'J, ~ ; i:.w* Lt< ~i 1 a o o tJ2J.r 

'1:35 l'J, ~i;:ff * L, < ~11 7 8 0 °C.12J,r, jj::tffa:'. L, < fi 1 7 6 0 °CJ2J.r'1:'5-?>o T 2 

;¢1 1 8 4 0 'C.12), r'"e 35 .g c, :J17 7-. ~~fg,f9 9 .l: -Ctif * L, It '.la 

;zjs:}'fi!Y]0Jjj77-,0J~Jl'.n11 0 4 dP a· s ctJ:-?>UT4 ~i, 138 O°CJ2J.r"t:'cl;.g;: 

ciJiff* L,v~a 1 3 8 0 °CJ2J.r'1:'5Q c, :JJ7 7-.'£:-~~9.'Q_l:.""Eff* L,v~a J:: l'Jff* L, < 

~;;t 1 s 6 o tJ2J.r, ~i:.w* L-< fi 1 s 5 o tJ2J.r, !ii:tff* Lt< fi 1 s 4 o tJ2J.r-c:35 

*~~OJ:JJ:; 7-.0J~ffiU~:.:J3~t.g~Jl'.n L f11 o a. s ct Pa• s ~.l:'1:35-?>;: cniff 

*Ltlt~o 7JL n·q Q 3
• 

5 dPa. s.12),.l:'1:cl;-QC, :}j77-.~~:m9.gJ:'1:tff*L,v'.lo 7 □ 

- 1--~-c:OJ;tf 7 7-.0J~:mc v'.15 ,~. :J3J::rJ;tf 7 7-.0J~ft~{If;~--e~-Q;: ciJ'.I; 11 L 

f;;t 1 0 a. 8 d p a . s .12),.l:-CcJ;.g;: cnt*i:.ff * L, t,.~o 1J L ~1~ 6 i::ff * L-< ~i 1 0 4 

d P a · s .12),.l:'1:'cl; l'J, !ii:tff * L, < ~11 0 4· 
1 d P a · s .12),J:.""Ec:f!>.go 

~i;: 7 Cl- J--~'1:~~9.'Qtf!-@i-i::~1, 6 an-st / a so-a sof.li 3. 6 4*#Jd-C:cl;:, "(lt,, 

~:mtt~~lttt-?>cnL nil Q 3· 8 dPa • s.12J,J:-ec:l!)-?>;:ct,,iff*L,v'.lo L,t.::t,,1-::,"[, 

~i::~t"~i?iJ 1-5 OJi:p-e~i. ~.f9iJ 4 OJtJ:; 7-.iJi~fflMiOJim""t:lil.ff""Ecl!>-?>a 
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L, t.::.tJ1-::> t, 2Js:~~O) t.J 7 A <1)9:fili;;t~nf!H~:t!U-;t, ""F~ffl.6x;~~L,, Ii a n-s t /as o­

a so tJt, 0W-J:.3. 5W-r'"'Ed!>?t, ~fflffiUlJ:!Ht-Qlf!i!illnL tJt, 1 0 3
· 

8 dP a. s 

W-J:."°ecf!>Q t. c~Hci"Qm€7 Jv.:b 1) t.J7 A '1:d!>Qo 

68%:'5:SiO2'5:.72. 5% 

8 % S:A I 2 0 a S: 1 0. 5 % 

4. 5%:'5:B2Os<7% 

3%~MgOS:10% 

2. 5%:S:C aO5:.7 % 

0%S:SrO'5:.4% 

0%5:.BaOS:1% 

5. 5%5:.RO'5:.18% 

*~~O)t.J7A~, r.llliJi0. lt)v/1)-y t-Jv'"'Ed!>-Qffil!ll<~i:Jl~;:g 0'C""e2 0~ 

rai~M L,t.::.c 'c!, ..:C-0)1fiii~;:si!l!, ~@, ? 7 'Y ?~iJ'!~ t::fctv':1;:: ctJitff* LA•':la *t.::., 
t.J :7 A O)~jffifi!f c ma~~~;:~ Q t.J 7 A O)Jf:l;f8t; c i}\ 6 ;/(30 t.::.t.J 7 A O)ljifu:*iruffllli 

tJO)Jr:i;imtP:I: (6.Wttcl) iJ!O. 6mg/cm2 W-r'"'Ed!)Qi::CtJiff*L,l,,~o (/:iWH 

Cl ) ti~tHff*L,<fi0. 4mg/cm2 W-r, ~~;:ff*L,<ti0. 2mg/cm2 W­

r, :li:t:itff*L,<~i0. 1 5mg/cm2 W-r'"'Ed!>Qo 

*t.:, :;$:~OOO)t.J:7 A~, ~iiB7.t~~~Q'/J'f 4 0 %"°ed!>Q 7-y{t;7 ;..,::i::.:::17 .b7l<~ 

~c~~~un1 s o %---e~Q 7 'Y DJJ<rgmtc ~~lt---e s : 1 i;:11a-€f- L, t.::.~ <W-r, 1~ 

-y77-r7-yffii (BHF) ~cv~?o) i:f:ii;:2 5'C'1:2 o,tra,~flL,t.::.c:'c!, -tO)*iru 

tJtsli L,i;;tt,:) t. c:tJiff * L, lt~o W-r, t.O)J~ 'Y 7 7- r 7-yffiti£i~ffl t,:)t.:H~ifiitB HF 

¥-1:ffiiffic 1,,:)1,,:), n1rn2~ffiiiJiBli L,i;;tt,:)~~fflB H F•litJiJltff'"'Ed!>Q c v:) ?o *f.::., t.J 7 

,AO)*iffiffic:oo~~rin:~Qt.J7 AO)~tt1t;ctJ~ S;Jt3bt.::.t.1:1 ,AO)lji-fiLiffiffilli tJ O)Jr 

-~1>:11: (6.WaHF) tJi0. 6mg/cm2 W-r'1:d!>Qi::C:t.1iff*L,t,:)o (l:iWaHF) ~i 

~tJff*L,<fi, 0. 5mg/cm2 ~r'""Ed!>tJ, ~;i;:tff*L,<~i0. 4mg/cm2 

W-r'"'E cf!> Qo 

2Js:~OO 0) t.J 7 A ~Bi" Q :tit!~i~f;:~~ trf, ~~:tii!~M '""E'c! Q o t.::. c ft 

~;r, §fflUc:fct-Q~? iz:iffi.?itb ~h-QJJR~~imJ-€;-L,, ;::t1,~rg1JU35i:Jl'"'E 1 6 o o t--
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1 6 5 0 'CI;:1.Ja~L, tfflilrtQo J,:11J ;,,ij~fflm~JO)~D~~fJ:c~;:J::-::,-Cjj7.7.0) 

:l!alH~7ci:rr:>o ~~:r-1' .7.1'v-1~0):r --r .7.1'v-1£ffi:~7 * 1' ~.7.:7 JflHc: L, -C{iffl 

9Qij-@j'~~t ~~0)1'v.7.~, ?7'9;,, ~ □-$, 7P-1'$fJ:c0)7J~l;:J:: t)r]r~O)U 

1;:J;t~L,, ~~~- iffJ!flJ, if~fJ:c0)1.JDI7ci:fit,:i, ~O)-!t-1 A, ~0)£tic:9Qo 

qjf-::, -C, *~~ OJ jj 7 .7. 0)-!t-1 .Xlil~~t;:~-WifflR ~ tltE:l:""C' ii, Q o ©. L,, *~~O) 

:tJ 7 Af;;t_ :k~O)jj 7 A£ffi:l;:.:Sl,~-C%=t:~Jfi""C'ci,Qo 9fct:bti, :J / /'~:7 "1/ 3 /, 9fJ: 

oiS1J 7.7.0J~J&ffiO)~J,g.ntfA.1-1:ci>-::,t.::c: L, -c~, iltiO)-!t-1 ;(nt:k~ < tJ:-?> c:, u 
:i:,f.$:c: L, -COJ~gO):!il (~OJM"fl) ~i::k~ < tJ:-?>a. fftl;Ui, :r-1' .7.1'v-1 Jfl£ti 

OJ-!t-1 ;(7cr 2 0 -1 ;,,:r ( 5 0 . 8 t ;,,:f ;i, - 1' Jv) tJJ~7!P G 2 5 -1 ;,,:f ( 6 3 . 5 t ;,,:f 

j.-1' Jv) ;t-t1fl~;:9Q c:, HOJM1fli%!ROJ~~ ~"t"t1J:~t:-c~< tJ: ti, £ti:i:{4i:c: L, -c 
OJ~GOJ:11~::k~< tJ:-?>o *~~O)jj7.7.~i, J:~L,t.::J:: 5 t:, :1JDJMJJ1l!OJ~~;:~~'t 

-?> ::1 ;,, 1, :7 1/ a ;,,ntM ~ tl -Cv :i-Q OJ 1:, £ffi::i:~ c: L, -C OJ~~~OJ:it ~~ ~ tt, ~ OJ 

~;~1Hi*~O)£;ftBicUctJ:Q. 

:2{s:~~O):Jj7 _7.0)'!t--( ;(ti, 3 0 t::,,:f j.-1' JJ,,ft.l~J:""C'ci,Q ~ c::¢l9f* L, <, J:: tJ 9T 

*L,< ~i4 ot;,,:f j.-1'Jvft.!~J:-e~ ti, ~ G ~;:ff*L,< ~is o t;,,:f j.-1'Jv1fl~J: 

1:~ tJ, ~ Gi:ff* L,< fi, 1 ;i,-1'Jvft.l~J:""C'~ tJ, ff*L,< ~i 1. 5 ;t.-1'Jv1fJ~J: 

1:~tJ, 2.:i,-1'Jvft.Jill1':~Qt.C:nt!M=t:trf*L,t,~o jj7_7.0)Ji!.7).i:?v'.\-C~i, 0. 3 

-1. o mmffi!1ln~1:a;Qo 

(~o&{?lJ) 

~{?lj 1 ,..,, 5, ltifflWiJ 

~ 1 0) S i O 2 ,..,, B a OOJffilH;:,=Jv%*~""C'~ L,t.::Mc:t~QJ:: 5 l:)]'{?fSl-7c£:iml-@j' L,, S 

~-?>?~£7c£:ffll.,~"(, 1 6 0 0'C"" 1 6 5 0'C""C'ffl1WL,t.::o ~O)IJfREJ~.7.~-7:ft.fflt.,~-Ctt 

WL,1J7.7.0JieyJ!{~7ci:l~b t.::o ~1;:~iil{jj7.7. 7ci:mtL,1:H L,;J&:{1ct:.st~ L,, jj7 .7.Mn~; 

-rm~tt,Q~~}~{-J"m:O)rl!ll1: 1 m'if6~ffi L,tdf, ~IIB 1 'C/ :fr""C'~~ L, -C~{ftl 1 

"' 5 , .:to J:: rtltifflWilOJ jJ 7 .7. :ft1f t.::a 

[lll~l~~OJOO!~J 

1f Gtlt.=~1,jfg{?1J 1-- 5 .:toJ:rJltil&{?lJOJjj'7 .7. 7ci:nl~OJP:Jttl:1JaIL,t.::~, ~~R.i: (Ta 

n) Mili:*-C-:hD~ L,, ~U--r 1 Pifrfi~ffiL,tdf, ~i/iili®t 1 'C/:frt~~L,t.=-!t::,,1'Jv 
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~- 7R~~lrr (TMA) ~Jfit,:n:, 5 0--3 5 o'Ci;::a~t,QlJZ-~~~o:so-as 

o~ J I S R 3 1 0 2 ~;:ffijE~t1,"'(t,~,Q7J~ift:'ffllljEL,t.::o 

[.ti 7 7-. OJffffillrttliitOJft:~J 

J:fclt:J: l'J 1f 6tlt,:JJ~j(§~J 1-- 5 :eJ:V!ti!BWiJO)jj 7 7,. ~~ 4-e ),:f-'ft.J, ~JJ- 2 ~ IJ t;: 

iffflDILt.::o 1JaILt.::jj77,.lit!fSl.~~~R,( (Tan) ;Ql6U (Ts 1) *"'c'0)1il~0)71.J:ff 

1: 1 6 ~F1:1iWJ::UM t., t.::~, n-~ ;,,~i:£ir t.,, ~~ L, t.::.o ~ L, t.::ffit?fSI.~ t, ~:b 

~,QYJJ;:\=-~-r7-.~ (J IS Z 8 8 O 7ffi4W) "'c'WJl~ffltljEL,f.::o i:OJ=¥1ffi1:IHJ~ 

L,ffl1J:xe:~f-rt,~, 0. 0 0 0 1 g /Cm 3 O)ffi*"'c'O):pjffl'!i~~~L,t.::o iil~OJU"'eOJW 

JlffllJ:xe:~*;Ql 61J□~9J1fll!lfillli]:;M9 ,Q ffi 1l O)~{~O)flli ~~[ill~ L, "'( ffiW JlrttJ;fj ~fF ~ 

L,, ~~#.( (Tan) {1uriJl6~~ (T st) {-fill:*"'eO)r!i!tffi~t::a~t,QffWllrttJ~0)1;;j 

~Lian-st (p pm/'C) ~)l(~t.::o 

*~fi:o 
[ :I ✓ /'~ '.? y 3 ),O)iJ!IJ:xe:] 

J:fcli;:J:: l'J 1f 6ht.::~1ftll -- 5 .t3J:Vlt~1ftlO)jj7 7,. ~f-J 5 ~ 1J ~- ~c7;}. 0. 7 ~ IJ 

i:iffm:bDILt.::o 1i□ILt.::jj77,.~ 9 0 O'C*"'c':b□~t.,, ~.lm.ll"'c' l :$tF1:1ifflLt.::~, 11$ 

ml.B 1 0 0 'C/,:t""C:'*tlm.*-Cl$L, "'(~A~1ft.::o ~!;:, ~A~jj7 7-.0J;r~J3tnt 1 

7. 8 d P a · s ctJ:-Qr~ (JJl!H) *-C~~ 1 O O 'C/~"t:'1.J□~ L,, ~U"t:' 8 

~~ffil.,~~-~N!BlOO'C/~"t:'~~l.,~B~ffl~offl6h~~A, BOJ 

~.!3t (dA, dB) ~ffli-6i~-e~:xe:L,t.::o i:O)J:::H;:L,"'(1f6ht.::Wll (dA, dB) c 

Tii3J:t~Jflt,~"'(::i;,, l~tl 1/ 3 ;,,c (p pm) ~~1£ Lt.::o 

C = ( 1 - ( d A/ d B) va ) X 1 0 6 

jj7 7-.0J~lliJt l 7. 8 d Pa • s ctJ-QUtt, ~~R.t (Tan) (~Jl: 1 3. 0 d 

Pa • s) :eJ:D1g,~ (Ts 1) (~ll: 1 4. 5 d Pa • s) ~Jflt,~"'(, ffiiJdl~ 1 0 0 0 

/T (K),.iJdl~~.!3t(dPa·s) cl.,"'(7v=?7,.7Co/~l.,"'(ffl~o i:i:'1:',~ 

~#.( (Tan) SJ:~~ (Ts 1) ~;:}:. ~ J I s R 3 1 0 3 t:ffljE~tl,"'(t,~,Q]j~t:J:: l'J 

ffllj~ l., f,::o 

[T2 , T 4 , n L ] 
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..l:ftH:.:ct 1?~6tlt.::~1if§-fftll "-' 5Sctt!Jt~{9iJO);}J7 7-)MJl~·t1 0 2• 
0 d Pa· s ctJ. 

QUT 2 (¥-©: : 'C) .sctDlis!lnt 1 0 4 d P a · s cf.t.GUT 4 ($-©: : 'C) ~§J 

~Jl:~~ ffl I,,'.\ --CfflJJ,r L, f.::o 

*t.::, 1EJ~llif-~;:ct? t1i6tttdill:-~ll:lib•c~~·HEh ififfiUt:.s~tQ 

~ll: n L (${ft: d Pa · s) ~*~t.::o miffiU~;::::>l,,'.\-C~';t, ~~O);}J7 Aff~"t"tl-e 

Mt.t.GU"'c' 1 1 ~rM,:JJ□~i8mG. i'iiaMtnttJrtH G -c1t'.\G:JJ:17-0)i:J:t~itun~1,,'.\;JJ 

5 7-(1):JJ:17-t~ct:s~nttJrtH G -c1,,'.\f.t.t.,'.\;JJ7 7-(l)i:J:t"'c':i\i:itt~~tff1,,'.\;JJ7 7-0):JJ7 ,._ 

Uc (l)J¥~fla ~mifBU c L, t.::o 

[inj;fH C Hi: (ti WHc 1 ) J 

..l:!cH:J: tHi Gtlt.::~1if§{9iJl --5 sctt!Jt!fi5e{fa(J);}J7 7-~M O. l ,::Jv/1) ':I r-JvO) 

:f_gllJJ<i8~i:flt: g o 'C"'c' 2 o ~rlil,~M~-tt-c. ~iJfO)rrr~i::s~:tG:JJ7 AO)Jiftft;~* 

~-c, i:tlc:JJ 7 ;<O)~i'fflJlc7J':I Gjj7 7-(!)$fft~iiiiff~ tJ O)J{it~1>:li (Li WHc 1 (m 

g/ C m2 
) ) ~>.K~f.::o 

[inj;fBHFii: (Li WaHF ' Brim) ] 

J:ftH:.:ct JJ 1i Gtlt.::~nf§{ftl 1 "-' 5 .sctrJJt~JO)jj 7 A~/'\ v 7 7- t: 7 v It (B H 

F) c•:1;s5.t$~~•ll~t 4 o %"'c'cl!>-Q 7 vft;7:.,..,::::.17 k7l<i8~cfi!i1~7RtS!Jl:7'.Jt 5 

o %"'c'd!>o 7 vlll1<mmtc:a:~tt-e g : u:.:rm,g. Gt.::~ i:flt: 2 5 t"'c' 2 o 5.tr"',~rJt~ 
-tt-c, ~ilO)iru'~~::s~t-Q117 7-0)Jf::it~ft;:a:~~-c. i:tlc.117 7-(J)~ffiifflcn' 6115 

7'(!)$,{rr~iinfff~t)0)•:11~1.>il (b.WaHF (mg/cm 2
)) ~>.J<~t.::o *f.::, ~iJfti 

(l);}J7 ;<~ffiii:.:.s~to S~(J)~fflt:a: Elffif;:ct tJeGt.::o i: i: "'c':JJ:1 ;<~ffiii;:s~i,)t~~ 

6tltJ:iJ':l?f,::::fJ,g., ffiF.tB HF1iiJ1iJf-C3;-Q (9: 0) c L,t.::a 

~tl.GO)if:a*~~ U;:jRL,f.::o i:_ i:"'c'Jti! (Wll:) ( g / C m3 
) ~-;t. ffffill:lib•:a: 

fl:Jix:'9-Q=FJ1i-C1itdt~,~ (Tan) 7J':I G;B1.?f;~i:tt.::"!j-:.,..'j'JI,,O)ffi1lt.P 6~ L,f.::~f!i"'c'd!> 

~jjfg{9ij 6 ,...., 1 4 

~jjfg{9ij 1 cfi!iJti!H:.:, ~ 1 ~;:~""t:-tiiiJ;JU;:tJ.-QJ:? t:}Jj{~~WM!tL,, ~~:Ip-e~mL,t,:JtiM 

jj 7 7- ~:f:Ji~i;:.sx;~ L, -C, "t"O)~?fi L,U{9i16 _, 1 4 0) ;JJ 7 7- ~1f-Q o 116tlo :fl 7 7-

~;:::::> t, ~-C, 0: 30-350• Jtffi: (ffili:) , li (Ts t) , ~?ft~ (Tan) , T 2 .SJ:r.FT 4 
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~~30Go 6an-st i:-::>t,~"'(f;;):, :trjj7;J..Jix,,t (S i02' Al2 Os' B2 Os' Mg 

0, CaO, S r00)6.sx;,-}) O)L\~::m,Q~413ta, (i=l-6 (..tffa6.5t,t)) ~ 

@~f!Htt-,::J:: I?*~- ~ a , X, + b (X, ~i:§ j:J 5 A.OX::fr(J)-l::J!.1.t$, b f;t~lt) 'IJ~ 6 

ITT~i;,:J::t)>ftl!PGo O:so-aso, .ltffi (~00, 3:g,f.( (Tst), T2 :t:sJ::rJT4 ~;::-::>l,'~"'(t> 

D. an- s t C fiiJ#JH;:,, :§ ;tJ 7 A .5Mt(l.)~4Jr,:: J:: tJ tt;)l: ~;:, J:: tJ ~~ ,Q o ::I / /'\ 'l' 1/ 3 ✓ i:-::> 

t,,~··n;;t D. c C (:i::.,, I'\:? 1/ 3 :;,,) ~iOC,~@191& l.,., @19&3:ti::~-:J~ittff.'.~::J:: O~~,Qo ~ 

6fl,Q~*~~ 1 ~::/J'-t~ 

0200



~, (1/4) 

~f§I.11 ~nl01J2 ttm'J ~01J3 ~bi[,f§IJ4 

mo!% mol% mol% mo!% mol% 

Si02 70. 5 71. 1 70. 0 71. 6 72. 1 

Al2 Os 10. 1 9. 5 11. 0 9. 0 8. 5 

B2 Os 6. 7 6. 2 7. 0 5. 6 5. I 

MgO 4. 5 6. 0 2. 5 7. 5 9.0 

CaO 6. 0 5. I 7. 5 4. 2 3. 2 

SrO 2. 2 2. 1 2. 0 . 2. 1 2. 1 

BaO 0. 0 0. 0 0. 0 0. 0 0. 0 

RO 12. 7 13. 2 12. 0 13. 8 14. 3 

Si02 +Al2 Os 80. 6 80. 6 81. 0 80. 6 80. 6 

Si02 + B2 Os 77. 2 77. 3 77.0 77. 2 77. 2 

Al 2 Os +B2 Os 16. 8 15. 7 18. 0 14. 6 13. 6 

Al2 Os/B2 Os L 51 1. 53 1. 57 1. 61 1. 67 

MgQ/ (Mgo+caO} 0. 43 0. 54 0. 25 0. 64 0. 74 

Sro+BaO 2. 2 2. 1 2. 0 2. 1 2. 1 

Total 100. 0 100. 0 100. 0 100. 0 100. 0 

~f§IJ5 ~01J6 ~f§I.17 

mol% mol% mol% 

72. 7 72. 1 70. 0 

7. 8 9. 5 10. 5 

4. 6 5. 1 6. 9 

10. 5 8. 0 3. 8 

2. 3 3. 2 6. 7 

2. 1 2. 1 2. 1 

0. 0 0. 0 0. 0 

14. 9 13. 3 12. 6 

80. 5 81. 6 80. 5 

77. 3 77. 2 76. 9 

12. 4 14. 6 17. 4 

l. 70 I. 86 I. 52 

0. 83 0. 71 0. 36 

2. 1 2. 1 2. 1 

100. 0 100. 0 100. 0 

•j!Js 
mol% 

70. 5 

9. 8 

6. 8 

3. 0 

7. 8 

2. 1 

0. 0 

12. 9 

80. 3 

77. 3 

16. 6 

1. 44 

0. 28 

2. 1 

100. 0 

~i!J9 

mol% 

70. 8 

9. 7 

6. 6 

0.0 

10. 8 

2. 1 

0. 0 

12. 9 

80. 5 

77. 4 

16. 3 

1. 47 

0. 00 

2. I 

100. 0 

~ 

~ 
0 
t,J 
0 

! 
00 

ti! 
\0 
--.I 

"'!;j 
n 
i-1 

~ 
t,J 
0 
0 

~ 
0 ... 
°' t,J 

°' 

0201



~1 (2/4) 

~1Ji§f;IJ 1 ~1Ji§i!J 2 !t~i§IJ ~oi§f;IJ 3 ~D'ffiill 4 

I::. a n - & t (ppm/"C) 10. 1 9. 7 12. 0 9. 1 8. 6 

l'.lso-3so 3. 15 3. 19 3. 30 3. 24 3. 21 
( X 10- 8 

/ "C) 

l::.an-s t/aso-sso 3. 21 3. 04 3. 64 2. 81 2. 68 

::i::nH1y3::,, 178 165 190 149 137 
(ppm ) 

.l:tffl ({!Jj{ : g/cm3 
)· 2. 424 2. 424 2. 424 2. 436 2. 435 

~,:a ("C) 698 · 699 699 683 683 

~;ta <t> 750 751 751 747 748 

T2 ("C) 1746 1750 1742 1773 1773 

T4 ("C) 1332 1334 1332 1329 1327 

t::. w H c 1 (mg / cm2 
) 0. 03 0. 03 0. 06 0. 05 0. 05 

l::.WeHF(mg/cm2
) 0. 45 0. 46 0. 46 0. 50 0. 52 

JfBHF 1! (S~) 0 0 o.· 0 0 

11 L (dPa • s ) 104. 0 104. 3 104. 2 104. I 103. 8 

~ffWlUJt (°C) 1331 1287 1300 1315 1355 

~ni§f;IJ 5 ~!'t§i§lj 6 ~!'ffif;IJ 7 

8. 2 7. 3 11. 3 

3. 20 3. 10 3. 31 

2. 56 2. 36 3. 40 

122 98 185 

2. 435 2. 431 2. 439 

682 689 683 

746 756 748 

1774 1781 1768 

1325 1343 1331 

0. 05 - -
0. 55 - -
0 - -

103. 6 - -
. 1345 - -

~M§i§IJ 8 

11. 3 

3. 44 

3. 27 

185 

2. 443 

682 

744 

1778 

1335 

-
-
-
-
-

~1Ji§f;IJ 9 

11. 3 

3. 67 

3. 09 

186 

2. 458 

687 

744 

1792 

1350 

-
-
-
-
-

t.:> 
I-' 

~ 
0 
N 
Q 

f 
o 
QC 

ti! 
'D 
-..J 

~ 
("'.l 
-i 
ij 
N g 
t 
Q 
~ 

°' N 

°' 
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-~1 (3/4) 

~~01J10 ~liiJIJll ~kmiJIJ12 

mol% mol% mol% 

Si02 70. 7 72. 1 72. 9 

Al 2 Os 9. 6 10. 8 9. 0 

B2 Os 6. 8 6. 9 6. 3 

MgO I. 5 2. 2 7. 7 

CaO 9. 3 4. 0 2. 0 -

SrO 2. 1 4. 0 2. I 

BaO 0. 0 0. 0 0. 0 

RO 12. 9 10. 2 11. 8 

Si02 +Al2 Os 80. 3 82. 9 81. 9 

Si02 +B2 Os 77. 5 79. 0 79. 2 

Al 2 Os +B2 Oa 16. 4 17. 7 15. 3 

Al 2 Os /B2 Os 1. 41 1. 57 1. 43 

MgO/ (MgOtCaO) 0. 14 0. 35 0. 79 

SrO+BaO 2. 1 4. 0 2. 1 

Total 100. 0 100. 0 100. 0 

~~01J13 

mol% 

73. 9 

8. 0 

6. 3 

5. 7 

4. 0 

2. I 

0. 0 

11. 8 

81. 9 

80. 2 

14. 3 

1. 27 

0. 59 

2. 1 

100. 0 

~111! 01114 

mol% 

70. 5 

10. 1 

6. 5 

4. 2 

5. 6 

3. I 

0. 0 

12. 9 

80. 6 

77. 0 

16. 6 

1. 55 

0. 43 

3. 1 

100. 0 

l'-1 
1" 

~ 
0 
N 
Q 

! 
QC 
~ 
UI 
\Q 
~ 

"'1::1 n 
-3 

~ 
N g 
""' cS 
f 
"' N 

"' 
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~ §\i = ,, Jlr!t, 
r.\ TT w I~ 0\\- ~ ~ \' 
~ Hf I ~ ~ a 
• '4 I s ~ 

~ ~ :H3 
LJ "fi \JI ~ \'-~}Ji 
~ h- fi 94 
"r ~ (\" .. 
,' ~ c::s. ~ 
w fi ,1 ~ 
\! (\-" ow ~ 
~ ~ ~ I 
'il ., c-' n 
~ 'il rt ]lDl, 
}l ~ c::s. ./\ 
'--\. )-1 s '°t 
,'-t,.;~ 
~ ' .. fi 
:H3 ~ iffi f\-" 
1:H3~~ I .. \ n ~ TT 
~r.\112!' 
~Sf\-"~ 

; I s I 
~ ~ rt Ills 
' ~ ~ a >. H \JI ~ 
~m6>-J TT 
~ $ I Hf 71 8 ' G 

TTi'-t~ '°t • □ u 
~ rt \! 
r-1 Ills >-J ~ 

~1 (4/4) 

~M§{§IJlO ~M§0!1 ll 

8 a n - s t (ppm/°C) 11. 5 10. 4 

a 5 0 - a 5 0 ( X 10- 6 I °C) 3. 56 3. 11 

8an-st/<¥so-sso 3. 22 3. 33 

::r ✓I°<? Y 3 ✓ (ppm ) 187 180 

.ttffi: (effl'. : g/cm 3 
) 2. 449 2. 431 

m~ Ct> 683 689 

~;f;F.i{ (°C) 742 756 

T2 (°C) 1786 1806 

T4 (°C) 1341 1391 

6. WH c, (mg /cm2 
) - -

6. We HF (mg /cm2 
) - -

itBHF 'Ii (sj§ij) - -
11 L {dPa • s ) - -
~ffl~l.l (°C) - -

(\" s a "r 

~M§0!112 ~U1!"91Jl3 

8. 4 8. 5 

3. 31 3. 44 

2. 88 2. 73 

130 131 

2.439 2.443 

683 682 

747 741 

1806 1829 

1351 1365 

- -
- -
- -
- -
- -

~nli91J14 

10. 8 

3. 67 

3. 21 

182 

2.458 

687 

748 

1765 

1341 

-
-
-
-
-

t,,!) 
0.:, 

~ 
0 
N 
0 
0 
4'o, 

~ 
00 
~ 
Ul 
\C 
~ 

~ 
l"'l 
~ 

ij 
N 

! 
0 
4'o, 
Q'\ 
N 
Q'\ 
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L,t.:n<t-:>'t", 2js:~M,~O):JJ::,;z.tt T-f ;z.:tv-1.JlJH, ~~;:, ~O)~ffij~;:p-S i T 

F Tntm,5x;~tl,Q 7 !J:Y--< 7'-:-:r l-- IJ !7 A~L C D7-1' ;z. -:J'v-1 ffl~ffi:O)J:: ':5 tJ., .l±~~i'l6 

ilm. --r_;:JJo~:11 ~ tl,Q i;: it 7,]'li,:i;b ; 9, iffj 1t :i~ffijffllfti,~~ ~ tl,Q T -f ;z. :tv-1 ffl ~fl[ c L­

't"tif ~ L, V 'lo 

~t.:, :1 :::,t J'\!J 1/ =1 )';ijt!ffJ-~'6-:> t.:. c L, tit, ;ff :1 ;z.£ffi:O)"!t--( ;("t,t;k~ < 7'J:-?> ii c, 
~:ti'.3.!f2fs:c t., 't"0)1ml&ffi0):l\:nt::k~ < tcr:QO)--r_;, *§GimO):ff :1 ;z.--r_;0):::1/1~!71/3 :::,,O){ff; 

~~;:J::Q~::~H~t ~0)7-f ;z. :tv-1 fflff~;::to1t:i't"%i;:~L,1t:io 

*~IY:IOJtf 7 ;z.~;t, T-f ;z. :tv-1 }l:j;Jj::, ;z.~ffi:c L-ttifiltJ.#R4'7'J:~tt~~L, tv'lQo 

T'/J.bt), i!f!tm (~!ft) O)~;ti;:~A:r-< ;z.:tv-1~0JT-f ;z.:tv-1~~:111:ft;--r_;~, 

~tdJt.llis.li-~~O)~;t~;: :tO)l'J~$~ .. tJfQ;:: c;ot--r_;~ Q., ~ 6 ~;:, I T O~0).r. 'YT 

)':7"f;:}l:jl,'l6tl,Q~i::M-tQffiit~tti:-01t1., ~t.:., S i Ox {:>S i Nx O).T.,y7)':7" 

~;:Jfl v'l t>tlQ/'~,:,, 7 y- 1-t 7,:,, ffl'ti:::M-t Qffiit~'l1:,:ffit1.QT-f ;z. :tv-1 ~:tli~fi.gt--r_;~ 

Q., 1JO.:t 't", QL,~;:< 1t:it]::,;z.nt1i6tl. ~$~_tJfQ;::ct,1~~Q" 
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1. ~~}fa (Tan) #ili:tJ~6£¢.t (Ts t) #ili:*"T:OJUffi~t::lon·GffffitltHB~OJ 

1JffiaAan-s t (p pm/'C) C, 5 0"-'3 5 0'C~::lo~tGlll:it§JB,~iUl!so-350 (X 1 

o-s /'C) c, OJlt (Aan-s t / a so-sso) tJ!, 0 .121-J: 3. 6 4*fr.ey"T:it>G i:c=a::~c 
9G~7 Jvf.1 1) '}:]7 Ao 

2. :±c L, --C.121-""f OJ#it.6t~~J:: IJ fJ:G1!\€7 Jvf.1 1) '}:J 7.'Ao 

68%SSiO2S80% 

0%SA12 Os <12% 

0%<B2Oa<7% 

0%SMgOSl 2% 

o%sc aos 1 5% 

0%SS rOS4% 

0%SB aos 1 % 

5%~ROS18% 

;:: ;::c:, %~tl~.6t~*OJ~iff-:a:: 1 0 0 % c L-t.:.:tlftOJtJv%'1:'ii.> tl, R O~iM g 0 

+Cao+ s r o+ Ba o:a::~L,"(t,:\~D 

3 . ::E c L, --C .121-""f OJ#it.6t~* J:: tl tJ:-?, ;:: c :a::o c 9 G ffl~ OJf!lffl 1 i:icltOJ1!\€ 7 Jv f.1 

IJtJ7Ao 

6 8 %SS i 02 8 0 % 

0%SA12 Oa <12% 

0%<B2O3<7% 

0%SMgOS12% 

0%SCaOS15% 

0%SSrOS4% 

0%SBaOS1% 

5%SRQS18% 
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Office Action Summary 

Application No. 

11/478,493 

Examiner 

Matthew E. Hoban 

Applicant(s) 

ELLISON, ADAM J.G. 

Art Unit 

1793 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 04 August 2008. 

2a)IZ! This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1-20 is/are pending in the application. 

4a) Of the above claim(s) 18-20 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)0 Claim(s) 1-17 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 8/4/2008. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20081124 
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Application/Control Number: 11/478,493 

Art Unit: 1793 

DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

Page 2 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was 
made. 

2. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

3. This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 
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under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

4. Claims 1-17 rejected under 35 U.S.C. 103(a) as being unpatentable over 

Chacon in 6831029 in view of Narita in 6,468,933. 

The instant claims are directed to an alkali free glass with the following compositional 

characteristics: 

Based on mole percent on an oxide basis the glass is comprised of: 

SIO2: 64.0-71.0 
A1203: 9.0-12.0 
B203: 7.0-12.0 
MgO: 1.0-3.0 
Cao: 6.0-11.5 

SrO: 0-2.0 
Bao: 0-0.1 

Furthermore, the ratio between divalent oxides and aluminum is between 1 and 1.25. 
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Several claims are also directed towards fining agents added to the composition. There 

are three different fining characteristics: 

a) <.05 mol% antimony oxide 

b) <.01 mol% tin oxide 

c) <.05% arsenic oxide 

One or more of these characteristics apply depending on the instant claim. 

The glass also has distinct properties, where it has a density less than or equal to 2.41 

grams/cc and can also have one or more of the following properties: 

(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (GTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 x 10-7/°C <GTE< 34 x 10-7/°C. 

The claims are structured such that Claim 1 and 9 each include limitations regarding the 

composition, the ratio between RO and alumina, and the fining agents included in the 
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composition. For the sake of brevity and transparency, these three different sets of 

limitations will be addressed individually below 

Regarding Claims 1, 6 and 9 (COMPOSITION): These claims include language 

directed towards the major oxide components of the glass. 

Chacon et al teach a similar glass for use as a substrate in flat panel display devices, 

where her composition has overlapping ranges with the composition of the instant 

claims 1, 6, and 9. These ranges can be found in column 3, line 38-41 their patent. 

Chacon et al. fail to teach any specific examples that are read directly on the instant 

claims; however, overlapping ranges have been held to establish prima facie 

obviousness. The ranges of Chacon further are sufficiently close to the instant claims. 

See MPEP 2144.05. 

Accordingly, it would have been obvious to one of ordinary skill in the art at the 

time the invention was made to have selected from the overlapping portion of the 

ranges disclosed by the reference because overlapping ranges have been held to 

establish prima facie obviousness. See MPEP 2144.05. 

Claim 6 of the instant claims serves to further adjust the SrO level in the glass to below 

1 mol%; however, Dumbaugh's range of SrO is inclusive of O mol% and he teaches that 
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Regarding Claims 1, 9, 10 (RO/AL2O3 ratio): These claims include language 

regarding the ratio of the sum of divalent metal oxides to aluminum oxide. These claims 

specify that the ratio between these two must be between 1 and 1.25. 

It is clearly stated at Column 5, lines 18-25 that the ratio between RO and alumina in the 

glass composition is between .9 and 1.2 in this composition. This range reads on the 

instantly claimed range/ 

Regarding Claims 1-5, 9, 13-17 (FINING AGENTS): These claims include language 

regarding the fining agent added to the glass composition (or have dependant claims 

associated to them regarding this aspect) 

The composition of Dumbaugh teaches the use of conventional fining agents such as 

arsenic oxide, antimony, and tin (See Column 5, lines 35-45). These fining agents can 

be added in an amount of up to 1 mol%. The problem arises with Dumbaugh's 

examples, which only show fining where antimony and arsenic are included with tin as 
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cofining agents. So, although Dumbaugh does teach that tin is a possible fining agent, 

he doesn't teach its inclusion in a sufficient amount in his examples to make the claims 

obvious. 

However, Narita does disclose the use of tin oxide as a replacement fining agent for 

arsenic oxide. In the background of his invention (Section (2) Prior Art in Column 1) 

Narita explains that alkali free glasses, such as the one that is the subject of his 

teachings, as well as those of Dumbaugh, are typically used as a glass substrate for a 

liquid crystal display. An important aspect of these glasses is the creation of a glass 

without bubbles. This is done by adding fining agents, which generate a fining gas in 

the melt. This melting process is usually at a high temperature, due to the lack of alkali­

oxides, so the selection of a fining agent is dependant on this fact. Previously, arsenic 

oxide was used as a fining agent, but as is commonly known and also taught by Narita, 

arsenic oxide is very toxic and causes pollution. To solve this issue, Narita uses a Tin 

Oxide and Chloride instead of arsenic oxide (See Column 1, Lines 54-58). As can be 

seen in his examples as well as in Tables 2-5, tin oxide and chloride are added in an 

amount of .05-2 wt% and .005-1 wt% respectively. These figures in the context of 

Narita's specific examples generally translate to .025-1 mol% and .005-1 mol%, 

respectively. For example, composition 9 in Table 5 contains .9 wt% or .42 mol% tin 

oxide. As stated, Narita's compositions are substantially arsenic free, meaning they 

have less than .02 mol% Arsenic is present (See Column 3, Lines 56-60). Narita is 

silent as to the amount of antimony in the composition, but because tin oxide and 
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chloride are the only fining agents, one of ordinary skill in the art would find it obvious 

that the amount of antimony would also be less than .05 mol%. 

The fining agent of Narita, Tin Oxide and Chloride, could be directly incorporated into 

the composition of Dumbaugh. Dumbaugh states that a possible fining agent in his 

composition is arsenic oxide, where Narita teaches his fining agents as a replacement 

for arsenic oxide. When combining these two references, only tin oxide and chloride 

would be used for fining in the same wt% as the teachings of Narita, whose teachings 

teach an amount of tin oxide greater than .01 mole percent, with no antimony oxide or 

arsenic oxide. This combination of fining agents makes obvious all fining characteristics 

found in claims 1-5 and 13-17. 

The combination of these teachings would produce less toxic gas during 

manufacturing, which would have been obvious motivation for one of ordinary skill in the 

art at the time the invention was made. Furthermore, these two fining agents (arsenic 

and tin oxide) according to Narita perform entirely the same function, meaning that they 

are generally interchangeable and create no unexpected results. 

Regarding Claims 7 and 11: These claims are directed towards the density of the 

glass, which must be less than 2.41 glee 
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Column 4, Lines 15-25). The glasses of Chacon in view of Narita would also have a 

similar density, since the change in fining agents would not dramatically impact the final 

density of the glass. 

Regarding Claims 8 and 12: These claims are directed towards properties of the 

glass, where only one property must be present selected among a liquidus viscosity 

greater than 100,000 poise, a strain point greater than 650 C, and a linear coefficient of 

thermal expansion of between 28-34e-7 

Chacon teaches a glass having all of these properties as can be seen in Column 4, 

Lines 15-45. The glass must have a strain point greater than 660C, a GTE of between 

28 and 33E-7 and a liquidus viscosity of greater than about 200,000 poises. 

Response to Arguments 

1. Applicant's arguments with respect to claim 1 have been considered but are moot 

in view of the new ground(s) of rejection. The arguments were directly towards 

Dumbaugh, which is no longer relied upon to reject the claims. No mention was made 

of Narita, which still is relied upon in this rejection. Applicant speaks at length about the 

'884 reference of Nishizawa, which was filed in an IDS. Although not relied upon in this 

rejection, the glass composition of Nishizawa seems applicable, albeit being a 
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comparitive example. It should be noted that Nishizawa suggestively states the use of 

Tin Oxide as a fining agent. 

Conclusion 

2. Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION 15 MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Matthew E. Hoban whose telephone number is (571) 

270-3585. The examiner can normally be reached on Monday - Friday from 7:30 AM to 

5 PM EST. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jerry Lorengo can be reached on (571) 272-1233. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/J.A. LORENGO/ 
Supervisory Patent Examiner, Art Unit 1793 

meh 
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Alexandria, VA 22313-14 50 

RESPONSE TO FINAL REJECTION 

This is in response to the final Office Action dated November 28. 2008. In that 

Office Action, the Examiner rejected applicant's Claims 1-17 as allegedly unpatentable 

under 35 U.S.C. 103(a) over Chacon et al .• U.S. Patent No. 6,831.029 (Chacon). in view 

ofNarita et al., U.S. Patent No. 6,468,933 (Narita). 

In particular, the Examiner noted that various of the claims of the present 

application have ranges that overlap with those disclosed in the Chacon patent and cited 

Section 2144.05 of the MPEP for the proposition that overlapping ranges can establish a 

prima facie case of obviousness. The Examiner cited Narita for its disclosure of the use 

of a combination of tin oxide and chloride in place of arsenic oxide as a fining agent for 

liquid cryst.al display glasses. The Examiner acknowledged that "Chacon et al. fail to 

teach any specific examples that are read directly on the instant claims ... " ( 11/28/08 
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Office Action at page 5.) Although not explicitly stated in the Office Action, the same 

is true of Narita, i.e., applicant's claims do not read on Narita.1 

Under the heading "Rebuttal of Prima Facie Case of Obviousness," Section 

2144.05 of the MPEP states in relevant part: 

Applicants can rebut a prima facie case of obviousness based on 
overlapping ranges by showing the criticality of the claimed range. "The 
law is replete with cases in which the difference between the claimed 
invention and the prior art is some range or other variable within the 
claims .... In. such a situation, the applicant must show that the particular 
range is critical, generally by showing that the claimed range achieves 
unexpected results relative to the prior art range." In re Woodruff, 919 
F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990) .... 

Applicant respectfully submits that this is such a case. Submitted herewith is the 

Declaration of Adam J. Ellison Under 37 C.F.R. §1.132 (the Ellison Declaration), which 

discusses the criticality of applicant's MgO and RO/Al2O3 limitations with regard to tin 

fining and, in particular, the unexpected and abrupt increase in the number of blisters 

that arises when the RO/Ah0:3 ratio drops below 1.00, even by a small amount. 

As explained in his declaration, Dr. Ellison is one of the inventors of the Chacon 

patent and the work of the present application was performed to improve the glasses of 

that patent. In particulart Dr. Ellison was seeking glasses that could be fmed using tin 

oxide and still had the strain point, CTE, and density properties desired by 

manufacturers of liquid crystal displays and a liquidus viscosity greater than or equal to 

100,000 poises so that the glass could be manufactured by, for example, the fusion 

process. 

1 On pages 3-4 of the Office Action, the Examiner summarized various of the 
limitations of applicant's claims. The claims, of course, speak for themselves. 
However, applicant would like to note that there are a number of errors jn the summary. 
For example, independent Claim 9's ranges are not the same as those of independent 
Claim 1 and the summaries use "<" symbols where applicant's claims use "::;;" symbols 
or the equivalent in words. Also, applicant's Claim 1 specifies that the concentration of 
tin oxide is greater than or equal to 0.01 mole percent, not less than 0.01 mole percent 
In addition, at various places, the Office Action refers to the Dumbaugh patent, which 
applicant has assumed shou1d be references to the Chacon patent. 
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In the course of his wor~ Dr. Ellison found that in order to use tin fining it was 

critical that the glass have both a MgO content greater than or equal to 1.0 mole percent 

and a RO/Ah03 ratio greater than or equal to 1.00. The importance of this combination 

of compositional properties was not recognized when the work underlying the Chacon 

patent was performed and none of the 32 examples of that patent have both these 

properties. In particular, only two of the 32 examples of the Chacon patent use more 

than 1.0 molo/o MgO (Examples 8 and 21) and those examples have a RO/AhO3 ratio 

below 1.00 and do not use tin fining. 

The importance of having the glass' MgO content greater than or equal to 1.0 

mole percent is discussed at, for example, paragraphs [0085] • [0088] of applicant's 

published application. The effect of the RO/Alz03 ratio on inclusions (blisters) during 

tin fining is illustrated in applicant's Figure 3, a copy of which is reproduced below. 
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I ..... blilitlil'sllb ~ RO/Al203 I 

As can be seen in this figure, as the RO/Ah(h ratio rises through 1.00 (see the 

triangular data points), the nwnber of blisters/pound drops precipitously (see the circular 

data points). However, an examination of Figure 3 reveals that it only has a few data 

points close to the 1. 00 value for the RO/ A}z03 ratio. The Ellison Declaration provides 

adclitional data that demonstrates the sensitivity oftin fining to the 1.00 value of the 

ROI AhCn ratio. 
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In particular. the experiments reported in the Ellison Declaration show that a 

RO/A)iO3 ratio of 1.00 is the cutoff for successful tin fining. Specifically, those 

experiments show that a RO/ Al2O3 ratio of 1.00 or above leads to successful tin fining 

(assuming MgO :2: 1.0), while a RO/AlzO3 ratio below 1.00 does not work, in that the 

number of blisters per pound in the glass rises to commercially unacceptable levels. 

The experiments reported in Dr. Ellison's Declaration were performed using the 

techniques and equipment, i.e., the laboratory scale melter, described in paragraph 

[0107] of applicant's published application. The glass' base composition was that of 

Example 24. The fining agent was tin oxide and neither arsenic nor antimony were 

used. The experiments preceded those of Figure 3 and had originally been designed to 

test the effects of varying the: relative amounts of the alkaline earth oxides in the glass, 

while holding the sum of those oxides constant. However) through a batching error, the 

same am01.mt of SrO was used in all of the experiments, which meant that for some of 

the compositions, the RO/ AhQ3 dropped below 1.00. 

The folloVving is a copy of Exhibit A to the Ellison Declaration, where the 

horizontal axis shows the day of the experiment, the left hand vertical axis and the 

triangular data points show RO/ A12O3 ratios, and the right hand vertical ax.is and the 

diamond data points show blister levels. 
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The sensitivity of the blister level to the RO/ AhO3 ratio is immediately evident 

from this graph, as is the criticality of the 1.00 value. When the RO/Al2O3 dropped 

below 1.00, even by just a hundredth, the blister level immediately jumped up) e.g., to 

levels of2 blisters/pound and above. As known in the art, such blister levels are 

commercially unacceptable for the production of large substrates for liquid crystal 

displays. 

As quoted above, the MPEP acknowledges that "[a]pplicants can rebut a prima 

facle case of obviousness based on overlapping ranges by showing the criticality of the 

claimed range." Applicant respectfully submits that the data of Figure 3 and Exhibit A 

satisfy this standard in that they demonstrate that commercial practice of tin fining for 

glasses having a MgO content greater than or equal to 1.0 mole percent, requires a 

RO/ AhO3 ratio greater than or equal to 1.00. Neither the Chacon patent nor the Narita 

patent contains any disclosure of this critical requirement for the successful practice of 

tin fining. Accordingly, applicant believes that the Examiner's rejection under Section 

103 has been overcome and should be withdrawn. 

In view of the foregoing, applicant believes that this application is in condition 

for allowance. Accordingly, reconsideration and the issuance of a Notice of Allowance 

are respectfully requested.' 

Date: .;?/~t2M9 

Respectfully submitted, 

~~~ 
Maurice M. Klee. Ph.D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 BWT Street 
Fairfield, CT 06824 
(203) 255-1400 

2 Submitted herewith is a petition wider 37 CFR § 1.136 requesting a one month 
extension in which to file this response. With the extension, this paper is due on March 
30, 2009. No further extension of time is believed to be necessary, but if such an 
extension is required, applicant requests that this be considered a petition therefor. The 
Director is hereby authorized to charge any fees which may be required for such an 
extension to Deposit Account No. 11-1158. 
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£305) A.tty Dk:t: ADP-231 US (SPOS-073) MAIL STOP AF~ PATENT 
Response Under 
37 Cf'R §1.116 
Expedited Procedure 

. Examining Group 1793 

JN'IHE 'UNITED STATES PATENT AND TRADEI\1ARK omCB 

Applioant 
AppLNo. 
Piled 
For 
examiner 
Group 

Adam J. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMIN'O Sil.,ICA'IE GLASSES 
M.Hoban 
1793 

DECLARATION OF ADAM L BI I ISON lJNDE.R. 37 C.F.R § 1.132 

l, Adw.n J. Ellison. declare as follows: 

l. l am a. Senior Research Associate in the Glass Research Department at 

Comin.g hi.coXporated (Corning), My education and experience in the .field of glass 

. tecilnology is as follows, I rt,ccived a ba~elor's degtee in geology chemistry from 

Occidental College in 1983 and Mm.ten: and Ph.D. c;le.ifCes from Brown University in 

geological sciences in 1985 and 1988, .respectively. I did post-doctoral research at 

Princeton University from 1988-1991 and worked in the Materials Science and · 

~mic:al Techuology Divi.$ion of the Argonne NatiQD,a! Laboratory f:rom 1994-1996. 

In 1996, I joined the Glass Resel!lrch Department at Coming, where I have been since 

that dare. My work ha$ involved glasses. of various types, includ.ir,.g glasses for liquid 

crystal displays (LCD$), which I have worked on since first joining Coming. 

2. I am 'the inventor of the above-identified application. I understand that in 

an Office Aetion dated Nov(mlb<;;x- 28, 2008, the pe.ndi:ng c.lairxl.$ of tb.e applicadon were 

rejected for alleged obvionsness based OJl Chacoll et al., U.S. Patent N~. 6,831,029 

(Chacon), in vlew of Nari.ta et al .• U.S. Patent No. 6,468,933 (Narita). I am one of the 

inventon of the Chacon patent and the work ~ the present application was performed to 

impwv~ the gla.$$e$ of that patent. In p.articulat, I was seeking glasses that could 'be 

PAGE 8/12 * RCVD AT 3/30/2009 2:05:02 PM [Eastern Daylight TimeJ * SVR:USPTO-EFXRF,5/24 * DNIS:2738300 * CSID:2032541101 * DURATION (mm-ss):02,12 

0236



03/30/2009 14:05 2032541101 MAURICE KLEE #0382 P.009 /012 

MAR.26.2009 5:31PM GLASS ~ESEARCH NO. 132 

-2-

fined using tin oxide and still had the strain point, Cl'E, a.no density properties tJ.esired 

by manufacturers of liquid crystal displays and a liquidus viscosity g:mat.er than or equal 

to 100,000 poise& so that the gl~s could be manufactured by, for example. the fusion 

process. 

3. In the counse of my work, I found that in order to use tin fin.i.Q,g it was 

critical that the glass have both a MgO content greater than or cq~ to 1.0 mole pe.roem. 

and~ R.O/ A!zO3 ratio greater than or equal to 1.00, where AI:z(),s is the mole percent of 

Ah0:3 and RO is the sum of the mole percents of MgO, CaO, SrO, and BaO in the glass. 

The importance of this combination of compositional ;properties was not recognized 

when the work tllldcrlying the Chacon patent was performed and llOne of the 32 

examples of that patent have both these properties. 

4. The importance of having the MgO co11tent gre.iiwr than or equal_ to 1.0 

mole ~cent is discussed at, for example., paragraphs [0085] • (0088] of my published 

application. FIG. 3 of my application shows the eff'el;t of the RO/ AhOJ ratio on 

inclusions (blister$) dw:ing tiD fining. That figure only has a few data points close to the 

1.00 value fordtls ta.tio. I make tbis declaration to provide additional data that 

demonstrates the sensitivity of tin fl.Ding to tb.e 1.00 value of the RO/AG.Oi ratio. 

,. In particulal", I make this declara.tion to report on expcrtments conducted 

at Corning under ;my diJ:e(;;tiou and s~ion which dem0nmar.e that a RO/Alz03 ratio 

of 1.00 is the cutoff for succe$s.ful tin fwing.. These experiments show that a RO/Al:(); 

ratio of 1.00 or above leads to S'llCCe$Sful tin fimllg (assuming MgO ~ 1.0), while a 

RO/ AhO3 ratio below 1.00 does not work, in that tile numbex' of blisters per pound in 

the glass rises to conlI)].eicially unaecept:ilile level.$. 

6. Toe experiments were pe:rformed before those of FIG. 3 of my 

application. using the tecbniques .and. eqUipment. i.e., the laboratory scale msitrer, 

described in _paragraph (0107] of the application. The glass' base CQmposition was tbat 

of Exainple 24. The tin oxide. concenttatiou was 0.07 mole percent (0.14 wt%). Neither 

arsenic nor antimony were used. The experiments were oonducted over a 31 day period 

and had originally been ds.$.igned to te.,t the effects of varying the relative amounts of 
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the alkaline earth oxioo.s ill the glass, while holding the sum of those o:tide$ constant. 

However, through a batching erro;r, the same aw.OUDt of SrO was used in all of the 

experiments. which meant that :o:r some of the eompositions, tbe RO/ Ah~ dropped 

below LOO. 

7. Attached as Exhibit A j, a graph of the da'ia obtamed nvm these 

experiments, where the hom:o~tal axis shows the day of the expetimer:rr., the, teft hand 

vertical axis and th~ triangular da.ta points show RO/A!,iO3 .ratios, lll:ld th~ right hand 

vemc.tl ax.is and the diamond data points :.;how blister levels. 

S. The sensitivity of the blister level to the RO/ A1zOs ratio is immediately 

P. 4 

evidecnt from mis graph,. as is the c.ritieality of the 1.00 value. When~ RO/AlzQ3 

dropped below 1.00, even by just a hundredth, the blister level intlnedlately Jumped up, 

e.g .• to levels of2 blisterstpound and above. As known in the art. such blister le'Vels are 

oommercially unacceptable for the prodllction of la.:rge substrates for liquid crystal 

displays. 

9. In summary, the Q.ata of Exhibit A demoD$trate:s that commercial practice 

of tin finios; for glasses havjng a MgO content greater than or equal to 1.0 mole percent. 

requites a RO/Al20., ratio greater than Of equal to l.00. Neither the Chacon patent nor 

the Natita patent contains any disclosure of this critical requirement for the successful 

primtice oft:in fitting. 

10. X furtb.¢r declare That all statement.s made b.entln of my own knowledge 

are troe and that all ~temems made cm infar:mation and bellef are believed to be true; 

and fw:t:ber that these statements were made with the knowledge that wilJ.ful false 

statemems and the like so made ate punishable by fine or imprisoI!IllCilt, or both. onder 

~c:ction 1001 of Title 18 of the United State$ Code, and that such willful false statements 

may jeopardize the validity of the applic.ati<in or any patent isS'Wllg thereon . 

... 

(Date)/ 
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Total (37 CFR ~ 1.16(i)) • 19 Minus ** 20 = 0 X $ = OR X $52= 0 
0 Independent z * 3 Minus ***3 = 0 X $ = OR X $220= 0 w 137 CFR 1.16/h\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

I-
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** = X $ = OR X $ = 

0 (37 CFR 1.16(hll 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /ADRIENE D. SELLMAN/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information Is required by 37 CFR 1.16. The information Is required to obtain or retain a benefit by the public which Is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Applicant 
AppLNo. 
Filed 
For 
Examiner 
Group 

Adam J. Ellison 
ll/478,493 
June 28, 2006 
FINING OF BOROALUMJNO Sil.,!CATE GLASSES 
M.Hoban 
1793 

DECLARATION OF ADAM r. EU,JSON UNDER 37 C-F.R § 1.132 

I, A<;4un 1. Ellison. declare as follows: 

l. I am a Senior Research Associate in the Glass Re.search Department at 

Coming J.o.colporated (Conting). My education and experience in the field of glass 

. tecllnology is as follows, I received a bacilelor's degl.'CC in geology chemistry from 

Occidental College in 1983 and Mas~ an,i;l Ph.D. tJe,Sfees ftvm Brown University in 

geologic.al sciences in 1985 and 1988, .respectively. I did post-doctoral research at 

Princeton Univwity from 1988-1991 and worked in the Materials Science and · 

Chernieal Technology Div'i.sion of the Acgonne NatiQD.31 Laboratory from 1994-1996. 

In 1996, I joined the Glass Research Department at Coming, where I have been since 

that &r.e. My work has involved glasse$ of various types, including glasses for liquid 

crystal displays (LCD$), which I have worked on since first joining Coming. 

2. I am Che inventor of the above-identified application. I understand that in 

an Office Action dated Novombcr' 28, 2008, the pendillg clain:Li of the applicadon were 

reject.ed for alleged obviousness based on Chacon et al., U.S. Pa.tent N~. 6,831,(129 

(Chacon), in view of Narita et al., U.S. Patent No. 6,468,933 (Narita). I am one of the 

inventol'$ of the Chacon patent and the work ¢" the present application w~ performed to 

improv~ the gl8$SC$ of that patent. In particular, I was seeking glasses that could be 
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fmed using tin oxide and still had the strain point, CTE, and density prc;>perties IJesired 

by manufacturers of liquid crystal displays and a liquidus viscosity great.er than or equal 

to 100,000 poises so that the gl~s could be manufactured by, for example. the fusion 

process. 

3. In the course of my work, I found that in order to use tin fi~ it was 

critical that the glass have both a MgO content greater than or cq~ to 1.0 mole pe.rcent 

and a RO/Afz03 ratio greater than or equal to LOO, where AI:z()3 is the mole pen:ent of 

Ah0:3 and RO is the sum of the mole percents of MgO. CaO. SrO, and Bao in the glass. 

The importance of this combination of compositional properties was not recognized 

when the work ondcrlying the Chacon patent was performed and none of the 32 

examples of that patent have both these properties. 

4. The importance of having the MgO content greater than or equal_ to J.O 

mole peJ;"cent is discussed at, for example, pa.tagrapbs [0085] - (0088] of my published 

application. FlG. 3 Qf my application shows the effect of the RO/ Al2~ ratio on 

inclusions (blisters) dw:ing tin fining. Toat figure only has a few ,;lata points close to the 

1.00 value for this ratio. I make this declaration to provide additional data that 

demonstnites the sensitivity of tin fl.Iling to tbe 1.00 value of the RO/A½O~ tatio. 

S. In part1cula.r, l make this d.eclantion to report on apcrtments conducted 

at Coming under my d.irectiou and supervision which demonstra.t.e that a RO/A.l:z<)3 ratio 

of 1.00 is the cutoff for succes$'.ful tiu. fining. These experiments show that a RO/Alz~ 

ratio of 1.00 or above leads to succe$Sful tin fining (assuming MgO ~ 1.0), while a 

RO/ AhO3 ratio below 1.00 does not work, in that tile number of blisters per pound in 

the glass rises to comniercially unacceptable level.$. 

6. The experiments were performed before those of FIO. 3 Qf my 

application. using the tec.bniques _and. eqUipment. i.e., the laboratory scale m&ter, 

described in paragraph (0107] of the application. The glass• base composition was tbat 

ofEM.inple 24. The tin oxide concentration was 0.07 mole percent (0.14 wt%). Neither 

arsenic nor antimony were used Toe experiments were oonducted over a 31 day period 

:and had originally been designed to test the effects of varying the relative amounts of 
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the alkaline earth oxides io the glass, while hoklin,g the sum of those ox.ides constant. 

However, through a batching eno;r, the same am.ount of SrO was used in all of the 

expemnents. which meant that fo:r some of the oompositions, the RO/ AhO,i dropped 

below LOO. 

7. Attached as Exhibit A ii a graph of the data obtained fivm these 

experiments, where the ho~o~tal axis shows the day of the experiment, the teft hand 

vertical axis and the triangular data points show RO/.A40s .ratios, aild lb.e right hand 

venic.i.1 axis and the diamond data. points show blister levels. 

S. The sensitivity of the blister level to the RO/ A1zOJ ratio is immediately 

P. 4 

evident from this graph. as is the criticality of the 1.00 value. Wben the RO/Alz03 

dropped below 1.00, even by just a hundredth, the blister level in'nnediately jumped up. 

e.g., to levels of2 blisterstpound and above. As known in the art, such blister levels are 

commercially unacceptable for the prodllction of large substrates for liquid crystal 

displays. 

9. I1t SllllllnM)', the Q.ata of Exhibit A demonstrates that commercial practice 

of tin finini for glasses havlng a MgO content greater than or eqnal to 1.0 mole percent, 

requites a RO/Al20) ratio greater than or equal to l.00. Neither the Chacon patent nor 

the Narita pa.tent contains any disclos1,1re oft.his critical reqlrirement for the successful 

pr~tice of tin fitting. 

10. X further declare That all statements made henun of my own knowledge 

are troe and that all statements made on information and belief are believed to be true; 

and fw:tber that these statements were made with the knowledge that willful false 

statementS and the like so made ate punishable 'by fme or imprisonment. or wth. under 

s~tion 1001 of Title 18 of the United States Code, and that such willful false statements 

may jeopardize the validity of the applicati<>n or any patent isS'Uing thereon . 

... 

(Date)/ 
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Advisory Action 
Before the Filing of an Appeal Brief 

Application No. 

11/478,493 

Examiner 

Matthew E. Hoban 

Applicant(s) 

ELLISON, ADAM J.G. 

Art Unit 

1793 

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­

THE REPLY FILED 30 March 2009 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 

1. D The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. To avoid abandonment of this 
application, applicant must timely file one of the following replies: (1) an amendment, affidavit, or other evidence, which places the 
application in condition for allowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request 
for Continued Examination (RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the following time 
periods: 

a) [gl The period for reply expires 1._months from the mailing date of the final rejection. 
b) D The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In 

no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 
Examiner Note: If box 1 is checked, check either box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO 
MONTHS OF THE FINAL REJECTION. See MPEP 706.07(f). 

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee 
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee 
under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as 
set forth in (b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, 
may reduce any earned patent term adjustment. See 37 CFR 1.704(b). 
NOTICE OF APPEAL 
2. D The Notice of Appeal was filed on __ . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of 

filing the Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a 
Notice of Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a). 

AMENDMENTS 
3. D The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because 

(a) D They raise new issues that would require further consideration and/or search (see NOTE below); 
(b)D They raise the issue of new matter (see NOTE below); 
( c) D They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
(d) D They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: __ . (See 37 CFR 1.116 and 41.33(a)). 

4. D The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 

5. D Applicant's reply has overcome the following rejection(s): __ . 

6. D Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling the 
non-allowable claim(s). 

7. D For purposes of appeal, the proposed amendment(s): a) D will not be entered, orb) D will be entered and an explanation of 
how the new or amended claims would be rejected is provided below or appended. 
The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: __ . 
Claim(s) objected to: __ . 
Claim(s) rejected: __ . 
Claim(s) withdrawn from consideration: __ . 

AFFIDAVIT OR OTHER EVIDENCE 

8. ~ The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered 
because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and 
was not earlier presented. See 37 CFR 1.116(e). 

9. D The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be 
entered because the affidavit or other evidence failed to overcome §1! rejections under appeal and/or appellant fails to provide a 
showing a good and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1 ). 

10. D The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 

11. ~ The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 
See Continuation Sheet. 

12. D Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s). __ 

13. D Other: __ . 

/J.A. LORENGO/ 
Supervisory Patent Examiner, Art Unit 1793 

U.S. Patent and Trademark Office 
PTOL-303 (Rev. 08-06) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20090403 
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Continuation Sheet (PTO-303) Application No. 11/478,493 

Continuation of 11. does NOT place the application in condition for allowance because: Applicant's arguments based on the declaration 
submitted shall not be considered at this time as this declaration has not been entered into the record as it was not timely filed. The 
reduction of blisters in the sample is discussed in the remarks as being an unexpected result. In the combination of references used, this 
may be an unexpected result when only tin is used as a refining agent; however, the teachings of Narita specifically state at column 3 that 
the inclusion of Chloride in the sample is to reduce the number of blisters in the final glass. Narita states that when the amount of chloride 
is too low it is difficult to expel the gas from the glass. The difficulty to expel such gases results in blisters as these gaseous inclusions 
would remain on the surface. Therefore, the combination of references fully realize that these blisters can occur when chloride is not 
included and thus the removal of such inclusions when chloride is added and the subsequently produced glass without blisters does not 
qualify as an unexpected result in as far as the claims are currently presented. Therefore, the critically of the claimed range is not 
established in view of the references presented based on the obvious combination of art currently applied to reject the claims. 

2 
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RECEIVED 

KLEJtENTRAL FAX CENTER #0458 P.001 /014 

.. -

APR 2 8 2009 
PTO/SB/30 (03-011) 

.Appl'O'-led tor use thn;lugh 04f30r'2009. 0MB 0651.()031 
U.S. Palenl and T~ ()fflcs; U.S. DEPARTMENT OF COMMERCE 

---!&are of" .. B control n•....nar. 

r Request Anr,lication Number 11/478,493 ' for 
June :ZS, 2006 

Continued Examination (RCE) Fllinn Date 

Ellison Transmittal First Named Inventor 

Address to: Art Unit 1793 
MailStopRCE 
Comm~ner fur Patents Examiner Name M. Hoban 
P.O. Box 1450 

~ncltia, VA 22313-1450 Attorney Docket Number ADPT:za1 ui;; (SP05--073) ~ 

This is a Request for Continued Examination (RCE} under 37 Cf"R 1.114 of the above-identified application. 
Request fot Conttnued ExamlnaUon (Ree) practice under 'Sf CFR 1.114 does not apply to any Ulilily or plant appliaatiOl'I filed prior to JUne 8, 
1995, or to any deslan aPDllcatlon. sea lnstnJcllon Sheet for RCEs (not to be sutmffl.ed to tha USPTO) on PaQe 2. 

1. I Submission n:>nuil'Atf under 37 CFR 1.1141 Nate: If u,e RCE is prope,. any pnMOUSly filed unerrtel'ed amendments and 
amendments enelOS8d with tt1e RCE wiD be entered In the oroer In whlrll they were filed unle$$ applicant instruct, otherwise. If 
applicant docn; flQt wish 10 haw any preYb.a$Jy filed urumtered amendml!lnt(s) entered, epplil:ant must request non-enby of i.ud'l 
amendment($). 

a. □ Previously subm~- 11 a 6tlal Office adion is outstanding. any amendmal'lttl ffled after the final Oflic:a action may be 
COnt;ldered as a $!.lbmlssion awn if this box is oot c;!'W;k.ed. 

I. □ COtlGider lhe arguments In the Appeal Brief or Reply' 8rlaf previously filed on 

Ii. □ Oller 

b. @ Endosed 

I. 0 Amendment/Reply ii. □ lnfonnatien Disclosure Statement (IDS} 

ii. [ll Aflkl;;ivlt(s)I Oedaration(&) iY. 121 othe1 LErttar Pefflion ft>r ExtensiOn of !'!!!! 
2. [ Miscellaneou$ ) 

[lJ Su&pension of acilion Ql'I tr.a above-identifie appleation is requesltld under 37 CFR 1.103(e) for a 
a. period of 3 months. (Pencd rt suspemion 511a11 ftCll eicoood l m,;,ntl-is; Fee unaer 31' CFR 1.17(i) ,eqtlired) 

b. □ 
Other 

3. ( Fees] The RCE fee under37 CFR 1.17{e) is reqUireCI Dy31CFR 1.114 when the RCEi5 file<S. 

IZ] 
~ Dirlldor is hereby authorized to ctiatge the foDCM'ing fees, any underpayment of teas, or cred"tl: any ~nts. to 

8. Depoi;il Account No. 111158 

L [l] RCS fee required under 37 c.,:R 1.17{e) 

D. ~ ElCl8rll!lon of time fee (37 CFR 1.136 and 1, 1n 

Ill. 0 Other ~nsian of action fee under 37 CFR 1.103(0) 11nd 1.11,m 

b. □ Check In the Bl'l'IOtlnt of$ enclosed 

Q. □ Paymerlt by a-edit card (Form PT0-2038 endosed) 

WARNlNG: lnfonnution on this fonn may beCOmG public. Credit card blfonuation $bould nat be Included an this form. Provkt& credit 
card information llml ~don on PTQ-2038. 

~ :ilGNATVIU! OF,...,., ,,._,.an- ATTORNEY, OR AGENT REQIJIRED 
Signature I -- I Date I Apnl 28. 2009 

Name (Print/Type) I Meurioa M. Klee I Regil;tlation No. 130399 

CERTIFICATE OF MAIL/NG OR TRANSMJSSl()H 

1 hereby OllrtifytMI ltlis correspoodenCe is bei~ dapo$iteCI with the llnitBd Slate, l"Cllllsl S8l\'ico wnn ~ a, fl!1lt dasa mal In an ,=n~ 
addre&t.:ed to; Mall stop RC£. Ccmrrisacnet for Paterts, P. 0. BOX 1-450, ,Ale!)candria. VA 2231S--1450 .,.- ' trsnsmilled to tl'le U.S. Patent and Trademar11 
Offil:iel on th8 daliiil s:l'loWn - - -
Signstura I - . - _... LI 

----~ .M 
Name (Pl1nu1ype) I u..ur1ce M. l<lee 

T I Dale IA...,, 28 2009 
This c.dle<lliOn cf jnfOn'nalloo is required t,y 'ST CFR 1. 114. Tne lnl'cnnaioo is ni:'Ql(IA!ICI ID Olllllin or l'l!.tilln a l>anafit 11:1' 1118 pullllc which Is w file (and t,y the Ul:lf" 1 0 
to pnx:-CH) an spplicaliM. ~ 1$ gcM!m8d by 35 U.S.C. 122 and~ CFFt 1.11 snd 1.14, Thia cclectioo i$ e,Mimsted to take 12 minuttoa to QOfflpl6te. 
itwlludng ~ pmpering. :llftd submitting the ,:,:mpleted appi.tatiOn fonn tD Iha USPTO. Tune will vary (lepend.ing upon tt-.e inCIIWbll cam. Any commenrs en 
the BnlOlol'II Q1 time you require to complete this form anG/or su.ggesitcns ftlr redl,tc:lng lhi& butden, ,tvdd be sent to me Chief lnfom'l#iOn Ot!lcer. U.S. Patent -
Tradamsik Ollioe, U.S. Depatll'l'lent cl Commen:,o, P.O. Box 1450, Al~ VA 22313-1450. DO NOT SEND FeES OR COMPLETED ~$ TO TI-OS 
ADDRESS. SEND TO: Mail St6p RCE:. Cammi$Gionor for Patents, P.O. Boie 14!0, Alextll'ldrta, VA 22313--14$3. 

II yOtJ need~ in completing ths form. Ofl}l 1-800-PT0-9199 and seJea option 2. 

04/29/2009 VBUI22 00000001 111158 11478493 

. . 01 FC:1801 810.00 DA 
PAGE 1114' RCVD AT 4128120091 :31 :39 PM [Eastern Daylight Time)• SVR:USPTO-EFXRf.5111 ~ DNIS:2738300 • CSID:2032541101 • DURATION (mm-ss):02-20 

0252



04/28/2009 13:31 2032541101 MAURICE KLEE RECEIVED 
CENTRAL FAX CENTER * 0 4 5 8 P,002 /014 

APR 2 8 2009 
PTOISB/22 {01-09) 

Approved for use through 021281'2009. 0MB 0661-0031 
U.S. Patentonel T,admnsrk Offioa; U.S. DEPARMENT 0fi COMM.RC& 

\Jnoor1119 papsrwrk RcwdiQn Nit ¢f 1995, no pemona fin ~~~to a ccllection d infr;JrmoliOO\ unless It dlsplayB a wlid 0MB control number. 

PETmON FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional) 

FY2009 ADP-231 US 
(Fec;t i,lnlllllf fo the c;o,,sorldatOcf - A~ lll»S tH.R. 4811J.) 

Application Number 11/478,493 Filed June 28, 2006 

For FINING OF BOROALUMINO SILICATE GLASSES 

Art Unit 1793 Examiner M. Hoban 

This Is a request under the provisions of 'ST CFR 1.138(a) to extend the penod for filing a reply in the aboVe Identified 
application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

~ Small~mib'.E~ 

□ One month (37 CFR 1.17(aX1)) $130 $65 $ 

0 Two monthS (37 CFR 1.17(8)(2)) $490 $245 $ 490-130=360 

□ Three months (37 CFR 1.17(8)(3)) $1110 $555 • 

□ Four months (37 CFR 1.17(a)(4)) $1730 $865 $ 

□ Frve months (37 CFR 1.17(a)(5)) $2350 $1175 $ . 
D Appr,c;ant claims small entity status. See 37 CFR 1.21. 04/29/2009 VBUI22 00000001 111158 

O A cheek in the amount of the fee is enclosed. 
02 FC:1252 360.00 DA 

D Payment by ctedit card_ Fonn PTO-2038 Is attached. 

D The Director has already been authori:i.ed to charge fees in this application to a Deposit Account. 

@ _The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number 111158 . 

WARNING: ll'formalion on tllls form rtra'/ become publlG. Cnldil card lnfwmiltlOn should not be lnc!Y<led on this form. 
Provtde f,)l1ldft card lnfonnation a1'tl authorization on PT0-2038. 

lam the □ applicant/inventor. 

□ 
assignee of record of the entire Interest. See '$7 CFR 3. 71. 

Statement under 37 CFR 3. 73(b) is enclosed (Form PTO/S8/96). 

D attorney or agent of record. Registration Number 

· [{] attorney or agent under 37 CFR 1.34. 
30399 . ~~ rumber if acting 1.ll'1det 37 CFR 1.34 

-~Gll-N!,ft!I!.. ~ April 28, 2009 

Slgnatum Date 

Maurice M. Klee (203) 255-1400 

Typed or printed name Telephone Number 

NOTa: Signaturw ¢f 1111 th9 ilMlffllOl"S « -oneaa cf ma'll'l:I Clf Ule entire inlsra$t ort:lelr ~"W(s) are requittl<I. SUDIIII nuddplB fmms if mQR/1han one 
signatun:> 1$ ~-below. 

□ Total of forms are submitted. 
TN$ Q0ll8CIIOfl af informstion is l1!ICpfed DY 37_ ~ 1.136(a). The irmmalion is ~""' w ob&ain or retsina bel'lelit t,,/~ ~wNdl IS IIO Ille (and by the 
USPTO 11:1 process) an appfie;aliQn. Confidriaitr 11.1 gc,wmed by 35 U,$,C. 122 and 37 CPR 1.11 and 1.14, Tllla 00lledion 1$ .;$1in,ated 1D mks 6 ninutes to 
cornpkite, mdWlng galhem'lg, preparing. and $U~ 1118 ~ ~gn fcllm totlle USPTO, TITTi& will wry~ upott lfle ll'lldlvidllal c.1111111. Any 
c,:,mrnen1s oo the amount al twr. yOII reql.ire tD llOITqllOle tNs term lllldlor suggesdons for re:,:ll.aol) this bur<len. /,IIWXJd be 8llnl tottle Cl'llet ll'1follr1.mn OffiCef, 
U.S. PMen1 and Tred=nlltk OfflCe, U.S. oepartrnent of Commace, P.O. 8cc 1450. ~ VA ~,:,.1-450. DO NOT SEND FEES Oft COMPLETED 
FORMS TO THIS AOOReSS. SEND TO: CommlnlOQef fot Patllnts, P.O. BOX 14i0, Alexandria., VA 22313-1460. 

If you need~ 111 compleJing lhs fl:Jml, cfl/1 HlO(rPTCHl199 and SltleCt option'-
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[306] Atty Dkt: ADP-231 US (SP0S-073)' PATENT 

fltlleYilVsQ 
eeNT~L ,VA)( C,iNT!R 

APR 2 8 2009 
IN THE UNITED STATES PATENT AND TRADEMARK. OFFICE 

Applicant 
Appl. No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28) 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M.Hoban 
1793 

LETTER 

Submitted herewith. is a Request for Continued Examination (RCE). Pursuant to 

Section 706.07(h) of the MPEP, applicant is submitting herewith as the submission 

called for by 3 7 CFR 1.114 the following: (1) a copy of applicant's March 30, 2009 

Response to Final Rejection; and (2) a copy of the Declaration of Adam J. Ellison 

Under 37 C.F.R. §1.132> which was not previously entered (see the April 9> 2009 

Advisory Action). 

Pursuant to 3 7 CFR 1.103( c ), the RCE requests a 3 month suspension of action 

on this application. Applicant is requesting this suspension in order to provide 

sufficient time to address the ''chlorine" question raised. by the Examiner in the April 9th 

Advisory Action. 

Also submitted herewith. is a Petition for an Extension of Time Under 37 CFR 

l.136(a) for a period of two i;nonth.s. Because a petition for a one month extension of 

time was filed on March 30, 2009 and the required $130.00 fee was charged to Deposit 

Account No. 11-1158. applicant believes that the fee for the two month extension 

should be $360.00. i.e., the normal $490.00 fee for two months for a large entity minus 

the $130.00 which has already been paid. In any event, the Director is hereby 

authorized to charge whatever fee is required for the extension to Deposit Account No. 

11-1158. 

04/29/2009 VBUI22 00000001111158 11478493 

03 FC:1464 130.00 DA 
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Since the final Office Action for this application was mailed on November 28, 

2008t with the two-month extension, the filing of the RCE and its associated papers is 

due on April 28. 2009. No further extension of time is believed to be necessary for the 

filing of these papers~ but if such an extension of time is required, applicant requests 

that this be considered a petition therefor. The Director is hereby authorized to charge 

any fees which may be required for such an extension to Deposit Accotm.t No. 11-1158. 

Respectfully submitted, 

~eae.L-~ 
Maurice M. Klee, Ph.D. 
Reg. No. 30,399 . 
Attorney for Applicant 
1951 Bun- Street 
Fairfield. CT 06824 
(203) 255-1400 
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C!N't'RAL FAX Or!NTl!R 

APR 2 8 2009 
MAfi.. STOP AF- PA TENT 
ReSpOnse under 
37 CFR §1.116 
Expedited Procedure 
Examining Group 1793 

IN THE UNITED STATES PA1ENT A.ND TRADEMARK. OFFICE 

Applicant 
Appl No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

RESPONSE TO FINAL R&JECTION · 

This is in response to the final Office Action dated November 28, 2008. In that 

Office Action, the Examjner reject.ed applicant's Claims 1-17 as allegedly unpat.enta.ble 

under 35 U.S.C- l03(a) over Chacon et al., U.S. Patent No. 6.8-31,029 (Chacon), in view 

ofNarita et al., U.S. Patent No. 6,468,933 (Narita). 

In particular, the Examiner noted that various of the claims of the present 

application have ranges that overlap with those disclosed in the Chacon patent and cited 

Section 2144.0S of the MPEP for the proposition that overlapping ranges can establish a 

prima facie cue of obviousness. The Exmniner cited Narita for its disclosure of the use 

ofa combination of tin oxide and chloride in place of arsenic oxide as a fining agent for 

liquid crystal display glasses_ The Examiner acknowledged that "Chacon et al. fail to 

teach any specific e,camples that are read directly Ort the instant claims.--" (l 1/28/08 
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Office Action at page 5.) Although not explicitly stated in the Office Action, the same 

is true of Nari ta, i.e., applicant's claims do not read on Narlta. 1 

Under the heading "Rebuttal of Prima Facie Case of Obviousness," Section 

2144.05 of the MPEP states in relevant part: 

Applicants can rebut a primafacie case of obviousness based on 
overlapping ranges by showing the criticality of the claimed range. "The 
law is replete with cases in which the difference between the claimed 
invention and the prior art is some range or other variable within the 
claims .... In such a situation, the applicant must show that the particular 
range is critical, generally by showinB that the claimed range achieves 
unexpected results-relative to the prior art range." In re Woodni//, 919 
F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990~ .... 

Applicant respectfully submits that this is such a case. Submitted herewith is the 

Declaration of Adam J. Ellison Under 37 C.F.R. §1.132 (the Ellison Declaration), which 

discusses the criticality of applicant's Mg() and RO/Al203 funitations with regard to tin 

fining and, in particular, the unexpected and abrupt increase _in the number of blisters 

that arises when the RO/ A}i03 ratio drops below 1.00, even by a small amount. 

As explained in his declaration., Dr. Ellison is one of the inventors of the Chacon 

patent and the work of the present application was performed to improve the glasses of 

that patent. In particular. Dr. Ellison was seeking glasses that could be fined using tin 

oxide and still had the strain point, CTE, and density properties desired by 

manufacturers of liquid crystal displays and a liquidus viscosity greater than or equal to 

l 00,000 poises so that the glass could be manufactured by, for example. the fusion 

process. 

1 On pages 3-4 of the Office Action, the Examiner sw:ninarized various of the 
limitations or applicant's claims. The claims, of course, speak for themselves. 
However, applicant would like to note that there are a number of errors in the summary, 
For example, independent Claim 9's ranges are not the same as those of independent 
Clairn t and the summaries use A<" symbols where applicant's claims use "s;" symbols 
or the equivalent in words. Also, applicant's Claim l speci.fies that the concentration of 
tin oxide is greater than or equal to 0.01 mole percent, not less than 0.01 mole percent. 
In addition, at various places) the Office Action refers to the Dumbaugh patent. which 
applicant has assumed should be references to the Chacon patent. 
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In the course of his work, Dr. Ellison found that in order co use tin fining it was 

critical that the glass have both a MgO content greater than or equal to 1.0 mole percent 

and a RO/ Al;P3 ratio greater than or equal to 1.00. The impoxtance of this combination 

of compositional properties was not recognized when the work underlying the Chacon 

patent was performed and none of the 32 examples of that patent have ooth these 

properties. In particular, only two of the 32 examples of the Chacon pa.tent use more 

than 1.0 mol% Mg() (Example.CJ 8 and 21) and those examples bve a RO/ Al2~ ratio 

below 1.00 and do not use tin fining. 

The importance of having the &),ass' MgO content greater than or equal to 1.0 

mole percent is discussed at, for example. paragraphs [0085] - [0088} of applicant's 

published application. The effect of the RO/AhOJ ratio on inclusions (blisters) during 

tin fining is illusuated in applicant's Figure 3, a copy of which is reproduced below. 

As can be seen in ibis figure. as the RO/Al2O3 ratio rises througb.1.00 (see the 

triangular data points), the number of blisters/pound drops precipitously (see the circular 

data points). However, an examination of Figure 3 reveaJs that it only has a few data 

points close to the 1.00 value for the RO/ Ah(h ratio. The Ellison Declaration provides 

additional data that demonstrates the sensitivity of tin fining to the 1.00 value of the 

RO/Ah0:J ratio. 
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In pw-1:icular, the experiments reported in the Ellison Declaration show that a 

RO/ Ali()3 ratio of 1.00 is the cutoff for successful tin fining. Specifically, those 

experiments show that a RO/ Al201 ratio of 1.00 or above leads to successful tin fining 

(assuming MgO 2!: 1.0), while a RO/AbO:, taiio below 1.00 does not work. in that the 

number of blisters per pound in the glass rises to commercially unacceptable levels. 

The experiments reported in Dr. Ellison•s Declaration were performed using the 

~hniques and equipment, i.e., the laboratory scale melter. described in paragraph 

(0107] of applicant's published application. The glass' base com.position was that of 

Example 24. The fining agent was tin oxide and neither arsenic nor antimony were 

used. 'The experiments preceded those of Figure 3 and had originally been designed to 

test the effects of varying the relative amounts of tho alkaline earth oxides in the glass, 

while holding the sum of those ox.ides constant. However, through a batching enor. the 

san:ie amount of SrO was used in all of the experiments, which meant that for some of 

the compositions. tlre RO/Al2C¾ dropped below 1.00. 

The following is a copy of Exhibit A to the Ellison Declaration. where the 

horizontal axis shows the day of the experiment, the left hand vertical axis and the 

triangular dam points show RO/ Ah03 ratios, and the right hand vertical axis and the 

diamond data points show blister levels. 

1.08 ·. 

1.06 _; .. 

1.04 ' 
1~; . 

~ 1 '. . 

~ ll.98' . 

~ ~-l . 

_.,_~!\"litl'!r"'e _____ .....,.~~~--,-'-.' .o 
11 . 1$ 21 :tt; 1' 

l+R?'~:+-~! 
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The sensitivity of the blister level to the RO/ AhOl ratio is immediately evident 

from this graph, as is the criticality of the I.00 value. When the llO/AhO3 dropped 

below 1.00, even by just a hundredth, the blister level immediately jumped up. e.g., to 

levels of 2 blisters/pound and above. As known in the art, such blister levels are 

commerciaUy unacceptable for the production of large substrates for liquid crystal 

displays. 

As quoted above, the MPEP acknowledges that "(a]pplic:ants can rebut aprima 

facie case of obviousness based on overlapping ranges by showing the criticality of the 

claimed range." Applicant respectfully submits that the dal:a ofFigw-e 3 and Exhibit A 

satisfy this standard in that they demonstrate that commercial practice of tin fining for 

glasses having a MgO content greater than or equal to 1.0 mole percent, requires a 

RO/ Al20 3 ratio greater than or equal to 1.00. Neither the Chacon patent nor the Narita 

patent contains a:cy disclosure of this critical requirement for the sucx:essful pmctice of 

tin fining. Accordingly, applicant believes that the Examiner's rejection under Section 

l 03 has been overcome and should be withdrawn. 

In view of the foregoing, applicant believes that this application is in condition 

for allowance. Accordingly. reconsideration and the issuance of a Notice of Allowance 

are respectfully requested.2 

Date: ff~o/49 
ReSpeCtfully submi~ 

. ~4C-t'id~/:... ~ ~ ·~ "/47 M. Klee. Ph.D-. 
Reg. No. 30.399 
Attorney for Applicant 
19.51 Burr Street 
Fairfield, CT 06824 
(203) 255-1400 

2 Submitted herewith is a petition under 3 7 CFR § l .136 requesting a one month 
extension in which to file this response. With the extension. this paper is due on March 
30, 2009. No further extension of time is believed to be necessary, 1:;m:t if such an 
extension is required, applicant requests that th.is be considered a petition therefor. The 
Director is hereby authorized to charge any fees which mf1Y be required for such an 
extension to Deposit Account No. 11~1158. 
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[30SJ All:'j Dk.I: ADP-231 US (SPO:S-073) MAIL STOP AF. PATENT 
Resporu;e Under 

. 
37 CPR §1,116 
Expedltecl l>rocedo.re 
E.umining Group 1793 

lN 'Ilm UNITED STATES PATENT AN.D TRADEMARK OFFICli 

Applicant 
Appl.No. 
Filed 
For 
Bxaminec 
Gronp 

Adam J. Bllisou 
11/478,493 
June 28, 2006 
FJNJNO OF BOROALUMINO SD...ICATB GLASSES 
M..'Hoban 
1793 

DBCLARATION OP A.PAM l, BI J ISQN UNDB.R. 37 C.f.R. §1 132 

l, Adam J. Ellison. declare as follows: 

1. · I am a Senior Research Associate in the Glass Research Department at 

COi:ning lnc:orparated (Coming). My education and ~perienee in the field of glass 

technology ia as follows. l :reoeived .a bachelor's degree in geology chemi.stiy &o!n 

OceidenW College in 1983 and Masters and Ph.D. ~.gtee3 from Brown University in 

geological scie,,ces in 1985 and 1988, req,ectively. I did po$1-doctoral research at 

P.tinceton Umver:sity from 1988-1991 and worked in the Materials Sc:ie:dee and · 

CheJ:riicaJ Teclmology Division of the .AJ:gonu.e National Laboratory from 1994-1996. 

In 1996, I joined the Glass Re$ea:rch Department at Coming. where I have been $lllee 

that d.UB. My work ha$ involved glasw. of var.ions types, includill8, glas.see for liquid 

aystal displays {LCD$), which I have w0rked on since first joinin.g Coming. 

2. I arn the inventor of the above-idcotified application. I understand that in 

an Office Acticm dated Novmwer 28, 2008, tho pe.uding elah:;o$ Qf c:be applicatiou wexe 

rej~ for alleged ob"ilionsness based on Cbaoo~ et at, U.S. Pater11N~. 6,8:'31,029 

(Chacon), in view of Nari.ta et al., U.S. Patent No. 6,468,933 (Natita). I am one of the 

in.venter& of tile Otaco:n patent and the work Qf the present application was per.f'ormed to 

improve the gl~ of that pat.em.. In particular. I was seeking glasses that could be 
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fined using tin mud& and still had the strain point. ere, and den&ity prope::ties desired 

by uuinufacturers of liquid crystal clispla.)"$ arid~ liguidus YiBcosiry greater than ot equal 

to 100,000 poises so that the glf.SS could be manufa.ctme4 by, :fOr example, the fusion 

process. 

3. Ia the course of my work,, I found that in order to we tin~ it was 

critical that the glass have both a MgO oomerrt greater th=- QI' equal to 1.0 mole peteem 

and a RO/ .A40, xatio greater than or equal 1.0 LOO. whe.rc Ah():, is the mole pe,rcc.nt of 

AI:z()a and R.O is the s~ of the mole percents of M.gO. Ca.O, StO. and Bao il1 the g!au. 

The irupoxtauce of this conibinatio:q of ootnpOSitional propertle$ was noi .recogniu:d 

wheu the work tllldedying the Cha.eoi:i patent was performed. and D.QD.e of the 32 

examples of that pat\'lnt have both t:bese properties. 

4. The bnportaw::t!l of having the MgO oonteut greate.r than or equal to 1.0 

molepett:eatis discussed at.. for«it.ample.,~ [0085) - [0088) ofrnypublishcd 

application. Fl.O. 3 of my application shows ~ eife(;t of the RO/ Alz03 :ratio on 

inclusion& {bli.$ten) durlng tin finfng. lbat figu:ie ouly bas a few data pofn&s close to the 

1.00 value for this ratio. I make this declm:adon to ptoVide additio.nal data that 

d£monSttateS the sen.titivity of tin fining to tbe 1.00 value of the RO/ AhOJ r;atio. 

S. Jn parti.c,,llar, l maks this declaration to report on e.xperlmentS condncted 

at Coming under my db.l:,ction and supcrvisi.Ol1 which deinonsttate-tb.at a R.0/AJ.z03 l'.9lio 

of 1.00 iS the cmofffor success:ful tin finin,g,. Theso~ show that a RO/Al.A 

ratio of LOO or e.bov& leads to s~sful tin finulg (IISS'IUil.i.Dg MgO ~ 1.0), while a 

RO/Ah~ ratio below 1.00 does 0.ot wodt. in that the number of blisters _per pound in 

the ,alass rises to COJD.JDetclally unacceptable levels. 

6. The experimeim were per:for.med befor:e. those of :FIG. 3 of my 

applica.ti.olJ. U$ing the tc:dJxdques and. equipment. i.e .• the laborato:ry scale melter. 

described in paragraph [0107) of the application, The gli1$$' base COinposition was tbat 

of Example 24. The tin oxide eoneentratioD was 0,(17 mole percent (0.14 wt%). Ncltb.er 

arsenic nor a:inimony weie used The ex.perixnems were conducted o'\1'1!3:' a 31 day peciod 

~ had originally been. desi~ t.o test the effects of vacying the rela1i.ve amounts of 
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the alkaline earth oxide., in the gla3s. while holding the sum of those oxide$ constant. 

However, through a batching e:i::rcu:t the same a!Il0\1.Dt Qf SrO was used in all of the 

experi.menw, which x:r:ieant that for some of the compositions., the RO/AlA dropped 

below 1-00. 

7. Auacbed as Exhi"bit Ai$ a graph of the data obtained f.(Qm these 

experinlems. where the horizwrtal axis shows the day of the exPffllllent, the li5ft hand 

venic::al axis and the triapgular data po.mu show RO/AJ,a~ nr.tios.. alld the right hand 

vertical axis and the diamQnd data poi.ms show blister levels. 

8. The sensitivity of the blister level to the ROIA1203 ratio is U'tl.'(Df-Oiatety 

evident from this graph. as is the criticality of the J .0O value. When the RO/Al:z03 

diopped be.low 1.00. even by just a hundmith. the blme.t level wmediately jumped up, 

e.J., to levels of 2 blistenlpound and above. As known in the art, 51.lCb blister le:ve1$ m:r; 

~ally unaccept.ahle far the p.roduotion of large substtateS. for liquid c:ystal 

displays. 

9. In summary, the data at Butlbit A l.'km:lonstrates that commenilill practice 

of tin fining fur glasses having a MgO content greater than or eqna1 to l .O mole peroent. 

requires a RO/Al20, ratio greater than or equal to 1.00. Neither thl" ChaCOJJ pat.em D.Q;,; 

the Nar:i.ta pa.tent contains m:,.y disclosure oft.bi& critical Iequ:in,;me.nt far the saccessfUl. 

practice of tin flnmg. 

10. I farther decla.re that all $UltementS made hn.D of my own knowledge 

at$ trne and tba1 all statements made on :ln:fonnation and belief are believed to be~ 

and £w:t:bri;t, that these statements were m.ade with the ko.owled.ge that willftJl false 

it8temevt$ and the like so made are punishable by tine or iinprl$(>Illlle'.l2t. or both. under 

section 1001 of Title 18 of the United Stares Code, 8ml that 3llCh willful fllUe stat.emenw 
may jeopardize the validity of the application or I.JlY patent iAuio.g ~n . 

.. 

(Date)/ 
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Exhibit A 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 

Appl. No .. 

Filed 

For 

Examiner 

Group 

Adam .J. G. Ellison 

11/478,493 

June 28, 2006 

FINING OF BOROALUMINO SILICATE GLASSES 

M. Hoban 

1793 

RESPONSE TO OFFICE ACTION AND ADVISORY ACTION 

This is in further response to the Office Action dated November 28, 2008 and to 

the Advisory Action dated April 9, 2009. 

In the November 28th Office Action, the Examiner rejected applicant's Claims 

1-17 as allegedly unpatentable under 35 U.S.C. 103(a) over Chacon et al., U.S. Patent 

No. 6,831 J)29 (Chacon), in view ofNarita et al., U.S. Patent No. 6,468,933 (Narita). 

In response, applicant submitted a March 26, 2009 declaration from Dr. Adam 

Ellison which reported the results of historical experiments performed at Corning 

Incocporated (Corning), the assignee of this application, which along with Figure 3 of 

the application., demonstrate that a RO/ Al2O3 ratio of 1.00 is the cutoff for successful tin 

fining. In particular, Dr. Ellison's March 26th declaration included the following graph 

which showed that when the RO/ A[zO3 ratio drops below 1.00, even by just a 

hundredth, the blister level immediately jumps up to levels that are commercially 

unacceptable: 
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In the April 9th Advisory Action, the Examiner noted that applicant's showing 

was for glasses in which "only tin is used as a refining agent." The Examiner pointed 

out that "N arita states that when the amount of chloride is too low it is difficult to expel 

the gas from the glass," and then concluded that "removal of such inclusions when 

chloride is added ... does not qualify as an unexpected result in as far as the claims are 

currently presented." In particular, the Examiner indicated that the rejection based on 

the Chacon/Narita combination would be maintained because the "criticality of the 

claimed range is not established." 

Submitted herewith is a supplemental declaration from Dr. Ellison which 

addresses the question of whether the criticality of having a RO/ AhO3 ratio greater than 

or equal to 1.00 is limited to cases where "only tin is used as a refining agent" or 

whether the criticality also applies to cases where tin is used in combination with halide 

fining. As reported in Dr. Ellison's supplemental declaration, the criticality of the 

claimed range applies both to tin fining when used alone and to tin fining when used in 

combination with halide fining. 

As explained in the supplemental declaration, during the course of the 

development of the glasses of the present invention, Dr. Ellison performed a set of 

experiments which used tin plus halide fining (Ellison Supplemental Declaration, <[4). 

Based on prior work with halide fining performed at Corning, Dr. Ellison used bromine 

in his halide experiments, rather than chlorine, because that prior work had shown that 
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bromine was a more effective fining agent than chlorine (Ellison Supplemental 

Declaration, ~[5). 

The experiments reported in Dr. Ellison's supplemental declaration thus differ 

from the Nari ta patent in that they use bromine fining instead of chlorine fining. 

However, based on Corning's prior experience with the two halides, applicant submits 

that the experiments reported in Dr. Ellison's declaration are even a more stringent test 

of the question of whether the RO/Ah03 2: 1.00 limitation loses its criticality when tin 

finin::!, is combined with halide fining. That is, if bromine fining does not eliminate the 

criticality. lhen chlorine fining should also not eliminate it, since chlorine fining is less 

effective than bromine fining. 

The following is a copy of Exhibit C of Dr. Ellison's supplemental declaration 

which shm.vs the effects of varying the RO/Ah03 ratio for glasses employing both tin 

and halide fining. As discussed in the declaration, each of the glasses in these 

experimenls had 0.07 mole percent SnO2 and either 1.04 wt.% (Examples 1-5 and 7) or 

1.07 wt.% (Examples 6 and 8-9) bromine (Ellison Supplemental Declaration, 16.) 
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As is eviident from this graph, the RO/ Ab03 ratio plays a critical role in blister 

reduction vvhen a combination of tin and halide fining is used. Specifically, as shown in 

this figure, RO/.AJi03 ratios of 1.01 and above are associated with at least a 50% 

decrease in the total number of blisters. 

Applicant thus submits that the Examiner's statement in the Advisory Action that 

in Dr. Ellison's original declaration the "criticality of the claimed range is not 

established" for tin fining in combination with halide fining has now been addressed. 

Put simply, having a RO/ Ab03 ratio greater than or equal to 1.00 is critical for 

succt::ssful lining whether the fining is performed using tin fining alone or tin fining in 

combination with halide fining. 

Because neither Chacon nor Narita, whether taken alone or in combination, 

discloses or suggests this discovery, applicant respectfully submits that his claims are 

not obvious in view of the cited art. Accordingly, reconsideration and the issuance of 

notice of allowance for the application are respectfully requested. 

Respectfully submitted, 

Maurice M. Klee, Ph.D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 Burr Street 
Fairfield, CT 06824 
(203) 255-1400 
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Applicant 
Appl. No. 
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Group 

Adam J. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

SUPPLEMENTAL DECLARATION OF 
ADAM J. ELLISON UNDER 37 C.F.R. § 1.132 

I, Adam J. Ellison, declare as follows: 

1. I am the Adam J. Ellison who previously submitted a declaration dated 

March 26, 2009 in this application. My education and employment experience in the 

field of glass chemistry, including my work at Corning Incorporated (Corning), the 

assignee of this application, is set forth in my prior declaration. 

2. I have read the Advisory Action for this application dated April 9, 2009. 

I make this supplemental declaration in response to the Examiner's observation in the 

Advisory Action that the data of my March 26th declaration is for glasses that used tin 

fining, rather than a combination of tin and chlorine fining as in Narita et al., U.S. 

Patent No. 6,468,933. In particular, I make this declaration to address the Examiner's 

comment that the "criticality of the claimed range is not established" because chlorine 

had not been used. 

3. As indicated in paragraph [0100] of my published application (U.S. 

Patent Publication No. 2006/0293162), the glasses of the present application can be 

fined using tin fining in combination with, among other things, halide fining. As also 

stated in that paragraph, maintaining a RO/ AhO3 ratio greater than or equal to 1.0, as 

well as a MgO concentration greater than or equal to 1.0 mole percent, makes fining 

based on tin in combination with other fining agents easier to perform and more 

effective. 
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4. At Corning, halide fining is not considered as desirable as non-halide 

fining because halides produce air pollution and equipment erosion. Also, some 

customers have limits on the amount of halide that can be present in LCD glasses. 

Nevertheless, in developing the glasses of the present application, some experiments 

were performed using tin fining in combination with halide fining. As set forth below, 

like the experiments reported in my March 26th declaration, those experiments showed 

that having a RO/AhO3 ratio greater than or equal to 1.0 is critical to successful 

tin/halide fining. 

5. The experiments I performed used bromine as the halide rather than 

chlorine, as in the Narita patent. I chose bromine because prior work at Corning had 

shown that bromine is a more effective fining agent for LCD glasses than chlorine. 

Specifically, compared to chlorine, less bromine is retained in the finished glass which 

is desirable since halide fining agents function by forming or contributing to the 

formation of bubbles which rise to the top of the molten glass and thus the more of the 

halide that is released (or, conversely, the less that is retained), the better. Also, the 

temperature range over which bromine is released from LCD glasses is better for fining 

than the temperature range over which chlorine is released. 

6. A 3x3 set of experiments was performed using three MgO concentrations 

(0, 1, and 2 mole percent) and three RO/AhO3 ratios (0.93, 1.01, and 1.11). The 

compositions of the nine examples are set forth in Exhibit A. The MgO was batched as 

periclase, i.e., MgO. Bromine was supplied by using calcium bromide to provide some 

of the glass' calcium, with the rest provided by limestone (calcium carbonate). 

Specifically, the bromine concentration was 1.04 wt.% of the starting batch for 

Examples 1-5 and 7, and 1.07 wt.% for Examples 6, 8 and 9. Exhibit A does not list 

bromine concentrations because bromine is released into the atmosphere as the glass is 

formed. For each of the MgO concentrations, the RO/ AhO3 ratio was varied by 

removing 0.5 wt.% or 1.0 wt.% AhO3 and replacing it with CaO provided as calcium 

carbonate. As shown in Exhibit A, each of the examples had 0.07 mole percent SnO2• 

7. The melting procedure was as follows: 900 gram batches were loaded 
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into 650 cubic centimeter platinum crucibles in silica backers and packed into a pre­

heated SiC glowbar furnace idling at 1600°C. The 1600°C value was chosen since it is 

approximately the temperature at which batches are melted in a commercial melter. 

After three hours at 1600°C, the crucibles were removed and the glasses were annealed 

within them. The three hour value was chosen because it represents a typical minimum 

residence time in a commercial melter. The annealed boules were core-drilled, and the 

core drills were cut into 2.5 x 1.0 x L centimeter prisms with one flat and one edge 

polished, where L is the length of the core drill. The prisms were analyzed for blister 

(seed) count at depths of 1, 3, 5, and 7 centimeters from the top (the scum layer) and for 

minimum and maximum blister size. 

8. Exhibit B shows (a) the blister counts at the various depths for the nine 

examples, (b) the total number of blisters over all the depths, and (c) the minimum and 

maximum blister sizes in microns at the various depths. Because fining depends on the 

presence of large bubbles which rise quickly in the molten glass, large minimum and 

maximum blister sizes are better. 

9. An examination of the data of Exhibit B shows that the glasses having 

0 mole percent MgO had lower total numbers of blisters than those having 1 or 2 mole 

percent. This effect was a result of the procedure used in the experiments to increase 

the MgO concentration from O mole percent to 1 or 2 mole percent. As can be seen in 

Exhibit A, the MgO increase was accomplished by reducing CaO. Specifically, the 

amount of calcium carbonate in the batch used to prepare the glass was reduced. During 

melting, calcium carbonate gives off carbon dioxide. Accordingly, more carbon dioxide 

was released for the glasses having O mole percent MgO (i.e., the glasses having higher 

calcium carbonate levels) than those having 1 or 2 mole percent MgO (i.e., the glasses 

having lower calcium carbonate levels). 

10. Although calcium carbonate gives off carbon dioxide as it is melted, 

calcium carbonate is not considered a fining agent in the art because it gives off carbon 

dioxide at too early a stage in the melting process and thus at most it produces bubbles 

which may continue to exist at later stages when fining actually takes place and the 
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carbon dioxide and other bubbles are cleared from the glass. However, because this set 

of experiments used bromine fining, the enhanced overall gas content resulting from the 

carbon dioxide produced better fining, i.e., the enhanced overall gas content produced 

lower total numbers of blisters for the glasses having a higher CaO content as a result of 

having a lower MgO content. As reported in the present application, in a commercial 

setting, higher concentrations of MgO, i.e., MgO concentrations greater than or equal to 

1.0 mole percent, actually result in lower blister counts because the MgO lowers the 

viscosity of the molten glass in the finer and lower viscosities mean that bubbles can 

rise faster in the molten glass and thus enter the atmosphere from the glass. The 

changes in AhO3 content also involved changes in the amount of calcium carbonate 

used in the batch, but as shown in Exhibit B, the effect due to the RO/ AhO3 ratio was 

greater than that which would have been predicted from the changes in carbonate levels. 

11. To isolate the effect of the RO/AhO3 ratio from the MgO/CaO 

interaction, the total blister count data for a given MgO concentration was divided by 

the maximum total blister count seen for that MgO concentration. Thus, the total blister 

count values for Examples 1, 4, and 7 were divided by 49, the maximum number of 

total blisters for MgO equal to O mole percent; the values for Examples 2, 5, and 8 were 

divided by 102, the maximum number of total blisters for MgO equal to 1 mole percent; 

and the values for Examples 3, 6, and 9 were divided by 103, the maximum number of 

total blisters for MgO equal to 2 mole percent. 

12. The results of this analysis are shown in Exhibit C. As is evident from 

this graph, just as in my March 26th declaration which used only tin fining, the 

RO/ AhO3 ratio plays a critical role in blister reduction when a combination of tin and 

halide fining is used. Specifically, as shown in this figure, RO/AhO3 ratios of 1.01 and 

above were associated with at least a 50% decrease in the total number of blisters in all 

cases. 

13. I further declare that all statements made herein of my own knowledge 

are true and that all statements made on information and belief are believed to be true; 

and further that these statements were made with the knowledge that willful false 
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statements and the like so made are punishable by fine or imprisonment, or both, under 

section 1001 of Title 18 of the United States Code, and that such willful false statements 

may jeopardize the validity of the application or any patent issuing thereon. 

(Date) J 
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Compositions 

(Mol %) 1 2 3 4 5 6 7 8 9 
SiO2 69.3 69.3 69.3 69.03 69.03 69.03 68.78 68.78 68.78 
A'2O3 10.8 10.8 10.8 10.46 10.46 10.46 10.11 10.11 10.11 

B2O3 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 
MgO 0 1 2 0 1 2 0 1 2 
Cao (from CaCO3) 9.1 8.1 7.1 9.71 8.71 7.71 10.31 9.31 8.31 
Cao (from CaBr2) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
SrO 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SnO2 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 
RO/Al2O3 0.93 0.93 0.93 1.01 1.01 1.01 1.11 1.11 1.11 
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Blister Counts 

Depth 1 2 3 4 5 6 7 8 9 
1 cm 16 27 36 2 10 6 4 6 7 
3cm 18 26 8 2 7 11 3 5 8 
5cm 8 22 11 2 6 15 1 1 3 
7cm 7 27 48 5 2 16 1 0 2 
Total 49 102 103 11 25 48 9 12 20 

Maximum Blister Diameter 

Depth 1 2 3 4 5 6 7 8 9 
1 cm 526 643 497 643 146 380 351 526 439 
3cm 453 497 424 497 497 365 585 439 541 
5cm 380 468 278 409 365 322 526 322 380 
7cm 117 307 205 292 190 219 292 0 102 

Minimum Blister Diameter 

Depth 1 2 3 4 5 6 7 8 9 
1 cm 102 44 29 497 497 292 73 88 161 
3cm 15 29 44 409 117 44 497 117 132 
5cm 15 15 73 73 102 29 526 322 175 
7cm 15 15 15 58 132 15 292 0 29 
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Application/Control Number: 11/478,493 

Art Unit: 1793 

DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

Page 2 

1. A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 7/24/09 

has been entered. 

Election/Restrictions 

2. Claims 18-20 withdrawn from further consideration pursuant to 37 CFR 1.142(b) 

as being drawn to a nonelected invention, there being no allowable generic or linking 

claim. Election was made without traverse in the reply filed on 2/04/08. 

Claim Rejections - 35 USC§ 103 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was 
made. 
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Application/Control Number: 11/478,493 

Art Unit: 1793 

Page 3 

2. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

3. This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

4. Claims 1-17 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Chacon in 6831029 in view of Narita in 6,468,933. 
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Application/Control Number: 11/478,493 

Art Unit: 1793 

Regarding Claims 1, 6 and 9 (COMPOSITION): These claims include language 

directed towards the major oxide components of the glass. 

Page 4 

Chacon et al teach a similar glass for use as a substrate in flat panel display devices, 

where the composition has overlapping ranges with the composition of the instant 

claims 1, 6, and 9. These ranges can be found in column 3, line 38-41 of the patent. 

Chacon et al. fail to teach any specific examples that read directly on the instant claims; 

however, overlapping ranges have been held to establish prima facie obviousness. 

The ranges of Chacon further are sufficiently close to the instant claims. One of 

ordinary skill in the art would have needed to only chosen from the portion of said 

overlapping range to arrive at the invention as claimed. See MPEP 2144.05. 

Claim 6 of the instant claims serves to further adjust the SrO level in the glass to below 

1 mol%; however, Chacon's range of SrO is inclusive of O mol% and teaches that SrO 

content as well as Bao content should be minimized because these oxides negatively 

affect the glass density. 

Regarding Claims 1, 9, 10 (RO/AL2O3 ratio): These claims include language 

regarding the ratio of the sum of divalent metal oxides to aluminum oxide. These claims 

specify that the ratio between these two must be between 1 and 1.25. 

It is clearly stated at Column 5, lines 18-25 that the ratio between RO and alumina in 

the glass composition is between .9 and 1.2 in this composition. This range reads on 
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the instantly claimed range, and therefore creates a prima facie case of obviousness. 

One of ordinary skill in the art would have needed to only chosen from the portion of 

said overlapping range to arrive at the invention as claimed. See MPEP 2144.05. 

Regarding Claims 1-5, 9, 13-17 (FINING AGENTS): These claims include language 

regarding the fining agent added to the glass composition (or have dependant claims 

associated to them regarding this aspect) 

The composition of Chacon teaches the use of conventional fining agents such as 

arsenic oxide, antimony, and tin (See Column 5, lines 35-45). These fining agents can 

be added in an amount of up to 1 mol%. The problem arises with Chacon's examples, 

which only show fining where antimony and arsenic are included with tin as fining 

agents. So, although Chacon does teach that tin is a possible fining agent, but doesn't 

teach its inclusion in a sufficient amount in the examples to make the claims obvious. 

However, Narita does disclose the use of tin oxide as a replacement fining agent for 

arsenic oxide. In the background of the invention (Section (2) Prior Art in Column 1) 

Narita explains that alkali free glasses, such as the one that is the subject of the 

teachings, as well as those of Chacon, are typically used as a glass substrate for a 

liquid crystal display. An important aspect of these glasses is the creation of a glass 

without bubbles. This is done by adding fining agents, which generate a fining gas in 

the melt. This melting process is usually at a high temperature, due to the lack of alkali-
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oxides, so the selection of a fining agent is dependant on this fact. Previously, arsenic 

oxide was used as a fining agent, but as is commonly known and also taught by Narita, 

arsenic oxide is very toxic and causes pollution. To solve this issue, Narita uses a Tin 

Oxide and Chloride instead of arsenic oxide (See Column 1, Lines 54-58). As can be 

seen in the examples as well as in Tables 2-5, tin oxide and chloride are added in an 

amount of .05-2 wt% and .005-1 wt% respectively. These figures in the context of 

Narita's specific examples generally translate to .025-1 mol% and .005-1 mol%, 

respectively. For example, composition 9 in Table 5 contains .9 wt% or .42 mol% tin 

oxide. As stated, Narita's compositions are substantially arsenic free, meaning they 

have less than .02 mol% Arsenic is present (See Column 3, Lines 56-60). Narita is 

silent as to the amount of antimony in the composition, but because tin oxide and 

chloride are the only fining agents, one of ordinary skill in the art would find it obvious 

that the amount of antimony would also be less than .05 mol%. 

The fining agent of Narita, Tin Oxide and Chloride, could be directly incorporated into 

the composition of Chacon. Chacon states that a possible fining agent in the 

composition is arsenic oxide, where Narita teaches a range of fining agents as a 

replacement for arsenic oxide. Furthermore Chacon teaches the suitability of Cl and tin 

oxide individually but does not give enough specificity to allow one of ordinary skill in the 

art to attain a suitable level of fining. When combining these two references, only tin 

oxide and chloride would be used for fining in the same wt% as the teachings of Narita, 

whose teachings teach an amount of tin oxide greater than .01 mole percent, with no 
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antimony oxide or arsenic oxide. This combination of fining agents makes obvious all 

fining characteristics found in claims 1-5 and 13-17. 

The combination of these teachings would produce less toxic gas during 

manufacturing, which would have been obvious motivation for one of ordinary skill in the 

art at the time the invention was made. Furthermore, these two fining agents (arsenic 

and tin oxide) according to Narita perform entirely the same function, meaning that they 

are generally interchangeable and create no unexpected results. 

Regarding Claims 7 and 11: These claims are directed towards the density of the 

glass, which must be less than 2.41 glee 

The glass of Chacon is stated as having a density less than about 2.4 glee (See 

Column 4, Lines 15-25). The glasses of Chacon in view of Narita would also have a 

similar density, since the change in fining agents would not dramatically impact the final 

density of the glass. 

Regarding Claims 8 and 12: Chacon teaches a glass having all of these properties as 

can be seen in Column 4, Lines 15-45. The glass must have a strain point greater than 

660C, a GTE of between 28 and 33E-7 and a liquidus viscosity of greater than about 

200,000 poises. 
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Page 8 

Regarding Claim 1: Nishizawa teaches in Example 29 a glass composition having in 

mol%, 67% SiO2. 12% Al2O3, 7% B2O3, 3% MgO, 9% Cao, 2% SrO. This composition 

has an MO/Al2O3 value of 1.167. 

When teaching this composition, Nishizawa is silent as to the fining agents used in 

creating it. 

However, in Column 4, lines, 30-35, Nishizawa specifically states that a total amount of 

at most 5 mol% of SnO2 can be used as a fining agent. It would have been obvious to 

use tin oxide as a fining agent as Nishizawa expressly states use of these compounds. 

One would be motivated to use tin oxide, as it increases the clarity of the glass, which is 

stated by Nishizawa (See Column 4, Lines 30-35). 

Regarding Claim 2, 4-5: Nishizawa does not include these components and 

specifically states that they should not be included as they are toxic (See Column 4, 

Lines 35-40) 
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Regarding Claim 8: The glass of Nishizawa has a strain point of 680 degrees (See 

Table 4). 

Double Patenting 

2. The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

3. Claims 1-2, 4-17 are rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 1-7 and 11-12 of U.S. Patent No. 

7534734. Although the conflicting claims are not identical, they are not patentably 

distinct from each other because the claims are to the exact same range of 

compositions having a ratio between RO and Al2O3 greater than 1, and also having the 

same properties as those seen in claims 7-8 and 11-12. 
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Applicant's arguments filed 7/24/2009 have been fully considered but they are 

not persuasive. Applicant's submission of the Affidavit signed by Dr. Ellison as of 

7/24/09 is noted. This declaration is ineffective as it still fails to factually establish the 

use of Chlorine as a fining agent. The declaration makes broad statements as to 

Bromine being a better fining agent than Chlorine, where none of these statements are 

supported. The declaration speaks of prior work done at Corning on similar glass 

showing the use of both chlorine and bromine as fining agents. The inclusion of such 

tests in the declaration would concretely show the relationship between bromine and 

chlorine as fining agents without comparing them in general unsupported terms. 

Statements supported by said data would therefore be able to relate the prior art to the 

alleged unexpected results. If the statements submitted in the declaration were properly 

supported by the above mentioned data, the declaration would successfully show 

unexpected results based solely on the ratio of alkaline earth oxides to aluminum oxide 

and the magnesium oxide amount added thereto. At the current juncture, it is still 

unclear whether the 'unexpected results' are attributable to the difference in halide 

gases used and not to the ratio/MgO amount used, as it is stated that the use of Cl as a 

fining agent eliminates the fine bubbles (blisters) in the melt. 

Applicant's Affidavit submitted on 4/28/2009 is acknowledged. As was discussed 

previously, this declaration fails to acknowledge the effects of the halide fining agent in 

the glass and therefore does not establish that the results are unexpected based on the 

claimed subject matter. Furthermore, the declaration submits the criticality of MgO, but 
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this relationship was never established factually. This second problem has been 

corrected with the submission of the most recent declaration. 

Applicant's arguments hinge on the declaration submitted on 7/24/09 as is 

discussed above. As the declaration does not prove unexpected results, the arguments 

are meritless. 

. For these reasons the previously presented 103 rejection over Chacon in view 

of Narita is maintained. 

Conclusion 

1. The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. 6537937. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Matthew E. Hoban whose telephone number is (571) 

270-3585. The examiner can normally be reached on Monday - Friday from 7:30 AM to 

5 PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jerry Lorengo can be reached on (571) 272-1233. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

0295



Application/Control Number: 11/478,493 

Art Unit: 1793 

Page 12 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/C. Melissa Koslow/ 
Primary Examiner, Art Unit 1793 

/Matthew E Hoban/ 
Examiner, Art Unit 1793 

0296



Application/Control No. Applicant(s)/Patent Under 
Reexamination 

11/478,493 ELLISON, ADAM J.G. 
Notice of References Cited 

Examiner Art Unit 

Matthew E. Hoban 1793 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number 

Country Code-Number-Kind Code 
Date 

MM-YYYY Name Classification 

* A US-6,169,047 01-2001 Nishizawa et al. 501/66 

* B US-6,537,937 03-2003 Nishizawa et al. 501/66 

C US-

D US-

E US-

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference Is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PT0-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20091007 

0297



Application/Control No. 

Search Notes 11478493 

Examiner 

Matthew E Hoban 

SEARCHED 

Class Subclass 
501 +text 
501 66 

SEARCH NOTES 

Search Notes 
See East Search History 
Inventor Search Completed through PALM 
See EAST search history 
Consulted with Jerry Lorengo regarding Declaration 
Consulted with Lizz Bolden regarding Declaration 
Updated East Search 

INTERFERENCE SEARCH 

Class I Subclass 
I 

U.S. Patent and Trademark Office 

I 
I 

Applicant(s)/Patent Under 
Reexamination 

ELLISON, ADAM J.G. 

Art Unit 

1793 

Date 
3/20/2008 
10/07/09 

Date 
3/20/2008 
3/20/2008 
11/24/2008 

10/07/09 
10/07/09 
10/07/09 

Date 

Examiner 
meh 
mh 

Examiner 
meh 
meh 
mh 
mh 
mh 
mh 

I Examiner 
I 

Part of Paper No. : 20091007 

0298



EAST Search History 

EAST Search History 

EAST Search History (Prior Art) 

········································~···········································································································································•H·······················•H············································~ 

jRef # !Hits 1Search Query jDBs jDefault jPlurals jTime Stamp l :~ ~ .,, ~ ~o , , ~ 

l l l l l perator l l ! 

iL3 i21 i(''482480811 1 ius-PGPUB; ioR ioN i2009110107 I 
l l !11 499441511 I 11 5244847" lUSPAT; l l l14:19 l 
l l l1 11 534891611 I lusoCR l l l l 
l l 111 537459511 I 11 538756011 l l l l ! 
l l l I II 54591 0911 I l l l l l 
I I l11 548955811 I 11 550618011 I I I I I 
l l ll 11 550823711 ) OIi.i OR l l l l ! 
l l 1( 11 580110911 ) .UrRl\1~ 1 l l l l l 
k4 i16 i( 11 5244847"; rl\l. ius-PGPUB; ioR ioN i2009/10/07 I 
i l l11 534891611 I 11 580110911 1USPAT· l l 114·50 ! 

.~ ' ~ ~ ' ' ~ ~ ■ ~ 

l ! lI 11 588591411 ) A\J OR lusoCR ! l l l 
! ! !( 11 616904711 ) ·uR~ 1 l ! ! ! ! 
ks !7 !( 11 200200321.1?'~;\I· ius-PGPUB; !OR !oN !2009110107 I 
l ! !11 585193911 I 11 606016811 lUSPAT; ! ! !14:56 l 
l l 11 11 616904711 I 1usoCR l l l ! 
l ! !11 641712411 1 l ! ! ! l 
l l 111 6465381 11 ) OIi.i OR l l l l l 
1 1 l( 11 688169211 ).r~RA\J 1 1 1 1 I 

k6 i29 !( 11 2231811 11 ; · ius-PGPUB; ioR !oN !2009110107 I 
l l !11 296132811 l 11333869611 lUSPAT; l ! !14:58 l 
l l 11 11 368260911 I 1usoCR l l l ! 
l l 111 439445311 I 11 482480811 l l l l ! 
! l ll 11 511678811 I ! l l l ! 
l I 111 5244847" I 11 537459511 l I I I ! 
l l ll 11 550618011 1 l l l l l 
l l 111 550823711 I 11 577053511 l l l l ! 
! l ll 11 580110911 I ! l l l ! 
l I 111 5811361 11 I 11 585193911 l I I I ! 
! l ll 11 588591411 I ! l l l ! 
l I 111 606016811 I 11 609667011 l I I I ! 
l l ll 11616904711 I l l l l l 
l l 111 6250111 11 I 11 6319867" l l l l ! 
l l l1 11 646893311 ) A\J OR l l l l l 
! ! !( 11 683102911 ) URPN l 1 ! ! ! • i L7 """""" i24 """"" f ( 11 384 7627""; _______________ · """""'" i us- PG PUB;"' ioR """""""""""""""'"" f ON""""""'" f 2009/ 1 0/ 07 """""""' I 
l ! !11 397836211 I 11 418061811 lUSPAT; ! ! !15:03 l 
l l 11 11 425519811 I 1usoCR l l l ! 
l ! !11 s11678811 1 l ! ! ! l 
l l 111 511678911 ) OIi.i OR l l l l l 
1 1 1( 11 5244847").r~RA\J 1 1 1 1 I 

) ~ ~ ■ ■ ~ ~ ~ ~ ~ 

file:///CI/Documents%20and%20Settings/mhoban/My%20Do .. .493/EASTSearchHistory.11478493_Accessible Version.htm (1 of 4) 10/712009 5 :02:40 PM 

! 
! 
! 
! 
! 
! 
~ 

0299



EAST Search History 

ll8 130 !("2961328" I lUS-PGPUB; 1OR lON !2009/10/07 ! 
l l !"4394453" I "4634683" lUSPAT; l l l15:09 l 
l l lI "4634684" I lusoCR l l l l 
l l l"4666868" 1 "4666869" l l l l I 
l l ll "5116787" I l l l l I 
I I 1"5116788" I "5116789" I I I I I 
l l 11 "5326730" I l l 1 1 ! 
l I 1"5374595" I "5489558" l I I I ! 
l l ll "5508237" I l l l l l 
l l 111 5741746") PN OR l l l l ! 
l l !("6060168") URPN l l l l l 
[L9 ............. ;1·5 ......... f("20010034~93".I .. · ............. [US-PGPUB;·--;OR ................................. ioN ............. i2009/ 10/07 ............... ! 
l l !"3338696" I "3682609" lUSPAT; l l l15: 13 l 
l l 11 "5374595" I 1usoCR l l l ! 
l l 1"5459109" I "5801109" l l l l ! 
l l ll "6060168" I l l l l I 
I I 1"6319867" I "6417124" I I I I I 
l l 11 "6468933" I l l ! ! ! 

l I 1"6508083" I "6537937" l I I I ! 
l l 11 "6664203") PN OR l l l l I 
l l l("6992030") URPN l l l l l 
•rl 1·0 .......... ;21 .......... !("3496401·,, .. ; .............. · ............. lus-PGPUB; ... ;OR ................................. ioN ............... 12009; 1·0107 ............... ! 
l l !"3798491" I "3978362" lUSPAT; l l l15:21 l 
l l l1 "4060423" I lusoCR l l l l 
1 1 1"4255198" 1 1 1 1 1 I 
j l L,4302250") PN OR l l l l l 
l I 1("4394453"). URPN l I I I ! 
k11 i39 i(L7 L8 L9 L1.0) not.(L6 ius-PGPUB; ioR ioN i2009110107 I 
l l lL5 L4) lUSPAT; l l l15:23 l 
i l l iUSOCR l l l ! 

iL12 :35 l(L7 L8 L9 L10) not (L6 ius-PGPUB; :oR loN l2009110107 I 
l l ll5 L4 L3) lUSPAT; l l l15:23 l 
l l l lusoCR l l l ! 

k13 :10 !"5831029" lus-PGPUB; :oR !oN !2009110107 I 
l l l lusP,/\'J· l l l16·06 ! :~ ~ ~ ~ M. ' ~ ~ ~ ■ ~ 

l l l lusoCR l l l ! it 14 ......... !6 ............. ["6831029,, ................................... lus-PGPUB; ... !oR ................................. foN .............. f2009; 10107 ............... 1 

l 1 1 lusPAT· 1 1 l16·o6 l 
.~ ' ~ ~ ' ' ~ ~ ■ ~ 

l l l lusoCR l l l l 

; L 15 :20 ill 6468933" ; us- PGPUB; ;OR ioN i2009; 10/ 07 ! 
l l l lusPAT· l l l16·06 l 

i~ ~ ! ~usorn' ~ ~ ~ · ~ 

i L 16 :6 I" 6831029" i us- PGPUB; :oR loN 120091101 o7 I 
l l l 1usp,/\·r· l l l16·27 l 

:~ ~ ~ ~ M. ' ~ ~ ~ ■ ~ 

l l l lusoCR l l l ! 

k17 :1 !"7534734" lus-PGPUB; :oR !oN !2009110107 I 
l l l lusP,/\'J· l l l16·46 ! :~ ~ ~ ~ M. ' ~ ~ ~ ■ ~ 

l l l lusoCR l l l ! 
!~ ~ ~ ~ ~ ~ ~ ~ 

~ 

file:///CI/Documents%20and%20Settings/mhoban/My%20Do .. .493/EASTSearchHistory.11478493_Accessible Version.htm (2 of 4) 10/712009 5 :02:40 PM 0300



EAST Search History 

ll19 !1296 !501/66.ccls. lUS-PGPUB; !OR !ON !2009/10/07 I 
l l l lLJSPAT· l l l17·01 ! 

i~ ~ ! ~usorn' ~ ~ ~ · ~ 

iS37 :28 lc•2231811 11 1 ius-PGPUB; :oR loN 12008111117 I 
l l l11 296132811 I 11 333869611 lUSPAT; l l l12:23 l 
l l l1 11 368260911 I lusoCR l l l l 
! ! !11 439445311 I 11 482480811 ! ! ! ! ! 
l l ll 11511678811 I l l l l l 
I I 1

11 5244847" I 11 537459511 I I I I I 
l l II 11550618011 I l l I I ! 

! I 111 5508237" I 11 577053511 ! I I I ! 
! l ll 11 580110911 I ! l l l ! 
! I 111 5811361 11 I 11 585193911 ! I I I ! 
l l l I II 588591411 I l l l l l 
I I 111 606016811 I 11 609667011 I I I I I 
l l II 11616904711 I l l I I ! 

! I 111 6250111 11 I 11 6319867" ! I I I ! 
! l !1 11 6468933 11

) A\J OR l l ! ! ! 
l l 1( 11 683102911 ) URPN ! l l l l 
iS38 ;28 ;( 11 2231811 11 ; · lus-PGPUB; ;OR ioN i2008111117 I 
l l l11 296132811 I 11 333869611 lUSPAT; l l l12:47 ! 
l l l1 11 3682609 11 I lusoCR l l l l 
! ! !11 439445311 I 11 482480811 ! ! ! ! ! 
l l ll 11 511678811 I l l l l l 
! ! !11 5244847" I 11 537459511 ! ! ! ! ! 
! l ll 11 550618011 I ! l l l ! 
I I 1

11 5508237" I 11 577053511 I I I I I 
l l II 11580110911 I l l I I ! 

! I 111 5811361 11 I 11 585193911 ! I I I ! 
l l ll 11 588591411 I l l l l l 
I I 111 606016811 I 11 609667011 I I I I I 
l l ll 11616904711 I l l l l l 
I I 1

11 6250111 11 I 11 6319867" I I I I I 
l l ll 11 646893311 ) OIi.i OR l l l l ! 
l 1 1( 11 683102911 ) ~~~ 1 1 1 1 I 

IS4o i27 !( 11 2231811 11 ; · ius-PGPUB; ioR ioN !2008111117 I 
l l !11 296132811 I 11 333869611 lUSPAT; l ! !12:47 l 
l l ll 11 3682609 11 I 1usoCR l l l ! 
! ! !11 439445311 I 11 482480811 ! ! ! ! ! 
! l ll 11 511678811 I ! l l l ! 
! I 111 5244847" I 11 537459511 ! I I I ! 
l l l I II 550618011 I l l l l l 
I I 111 5508237" I 11 577053511 I I I I I 
l l II 11580110911 I l l I I ! 

! I 111 5811361 11 I 11 585193911 ! I I I ! 
! l ll 11 588591411 I ! l l l ! 
! I 111 606016811 I 11 609667011 ! I I I ! 
l l ll 11616904711 I l l l l l 
! ! !11 6250111 11 I 11 6319867" ! ! ! ! ! 
! l ll 11 646893311 I ! l l l ! 
l ! !11 6831029 11

) A\J OR ! ! ! ! l 
: ~ ; ~ ■ ■ ~ ; ~ ~ i 

file:///CI/Documents%20and%20Settings/mhoban/My%20Do .. .493/EASTSearchHistory.11478493_Accessible Version.htm (3 of 4) 10/712009 5 :02:40 PM 0301



EAST Search History 

j !("7365038").URA\J. ! 
1S43 145 !toxic same (tin "SnO. !US-PGPUB; 1OR !ON !2008/11/17 ! 

.~ ' ~ ' ' ~ ~ ~ 

l 1 lsub.2") and "501".clas. lUSPAT; 1 l l12:51 l 
l l l lusoCR l l l ! 

:~ ~ ~ ~ ~ ~ ~ i 

jS44 h22 itree same ("Sb.sub.2O. ius-PGPUB; ioR ioN i2008/11/17 I 
1 l lsub.3" or "Sb.sub.2 0. 1USPAT; l l l13:06 I 
l ! !sub.3" antimony) same !USOCR ! ! ! ! 

:~ ~ ~ • II ~ ~ ~ ~ ~ i l ;(Arsenic As.sub.2O. i l i i i 
:~ ~ ~ ~ ~ ~ ~ ~ 
l l :sub.3" "As.sub.2 0. l l l l ! 
! ! lsub.3") and (tin "SnO. ! ! l l ! 

• I, ' ~ I, ' ~ ~ ~ 

l l lsub.2") and "501 ".clas. l l l l I 
: ~ ....................................................... ~ ................................ ~ ........................................................................................................................................................................................ ~ ........................................................................................... ~ ................................................................................... ~ ............................................... ~ ..................................................................................................................................... i 
lS45 16 ltree same toxic same lUS-PGPUB; 1OR ION !2008/11/17 l 
! ! !("Sb.sub.20.sub.3" or !USPAT; ! ! !13:07 ! 
l l l"Sb sub 2 O sub 3" lUSOCR l l l l 

• I, ' ~ ■ ■ ■ ■ I, ' ~ ~ ~ 

! ! !antimony) same ! ! l l ! 
=~ ~ ~ • II ~ ~ ~ ~ ~ l l ;(Arsenic As.sub.2O. l l i i ! 
l l lsub 3" "As sub 2 o l l 1 1 l 

:~ ~ I, ■ ■ ■ ■ ~ ~ I, I, ~ 

l l lsub 3") and (tin "SnO l l l l l 
l l lsub:2") and "501 ".cla~. l l l l ! 
iS46 i27 itoxic same ("Sb. ius-PGPUB; ioR ioN i2008/11/17 ! 
l l lsub.2O.sub.3" or "Sb. 1USPAT; l l l13:09 I 

=~ ~ ~ II ~ ~ ~ ~ ~ l l isub.2 O.sub.3 1USOCR l i i ! 
l ! !antimony) same l ! ! ! I 

:~ ~ ~ ' 11 ~ ~ ~ ~ i i l ;(Arsenic As.sub.2O. i l i i i 
:~ ~ ~ ~ ~ ~ ~ ~ 
l l :sub.3" "As.sub.2 0. l l l l ! 
! ! lsub.3") and (tin "SnO. ! ! l l ! 
! ! !sub.2") and "501 ".clas. ! ! ! ! ! 
• fS4 7 ......... i2 ............ i" 20020042337" ...................... f us- PGPUB; .. · ioR ................................. ioN .............. i20081 1 · 1; 17 ............... 1 

l l l iusp,/\·r· l l l13·42 l 
:~ ~ ~ I, M. ' ~ ~ ~ ■ ~ 

l l l lusoCR l l l ! 

1S48 ......... ~9 ............ ,(us-20040209758-$) ....... !us-PGPUB; ... ~OR ................................. ,ON .............. 1200811·1121 ............... I 
l l ldid. or (US-6468933-$ 1USPAT l l l10:05 I 

:~ ~ ~ ~ ~ ~ ~ ~ 
l l :or US-5801109-$ or l l l l ! 
! ! !US-5885914-$ or US- ! ! ! ! ! 
! ! !7365038-$ or US- ! ! ! ! ! 
! 1 16831029-$ or us- ! 1 1 1 I 
! ! !6169047-$ or US- ! ! ! ! ! 
! ! !6306786-$ or US- ! ! ! ! ! 
l ! !6846760-$) .did. l ! ! ! l 
iS49 b iS48 and toxic ius-PGPUB; ioR ioN !2008111121 I 
l 1 1 lusp,/\·r· 1 1 110·05 l 

.~ ' ~ ~ M. ' ' ~ ~ ■ ~ 

l l l lusoCR l l l l 
J ; ~ ; ; ~ ~ i 

10/7/2009 5:02:24 PM 
C:\ Documents and Settings\ mhoban\ My Documents\ EAST\ Workspaces\ 11478493. 
wsp 

file:///CI/Documents%20and%20Settings/mhoban/My%20Do .. .493/EASTSearchHistory.11478493_Accessible Version.htm ( 4 of 4) 10/712009 5 :02:40 PM 0302



[315] Atty Dkt: ADP-231 US (SP05-073) Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Appl. No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

RESPONSE 

This is in response to the Office Action dated October 13, 2009. In that Office 

Action, the Examiner repeated his prior rejection of Claims 1-17 as allegedly 

unpatentable under 35 U.S.C. 103(a) over Chacon et al., U.S. Patent No. 6,831,029 

(Chacon), in view of Nari ta et al., U.S. Patent No. 6,468,933 (Narita). 

The Chacon/Narita rejection of the claims of this application was first made in a 

final Office Action dated November 28, 2008. In response, applicant submitted a 

March 26, 2009 declaration which reported the results of historical experiments 

performed at Coming which, along with Figure 3 of this application, demonstrate that a 

RO/ AhO3 ratio of 1.00 is the cutoff for successful tin fining. In particular, the March 

26th declaration showed that when the RO/ AhO3 ratio drops below 1.00, even by just a 

hundredth, the blister level immediately jumps up to levels that are commercially 

unacceptable. 

In an April 9, 2009 Advisory Action, the Examiner noted that applicant's 

showing was for glasses in which "only tin is used as a refining agent." The Examiner 

pointed out that "Narita states that when the amount of chloride is too low it is difficult 
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to expel the gas from the glass," and then wrote that "removal of such inclusions when 

chloride is added ... does not qualify as an unexpected result in as far as the claims are 

currently presented." In particular, the Examiner indicated that the rejection based on 

the Chacon/Narita combination would be maintained because the "criticality of the 

claimed range is not established." 

In response to these comments, applicant submitted a July 24, 2009 

supplemental declaration which addressed the question of whether the criticality of 

having an RO/AhO3 ratio greater than or equal to 1.00 is limited to cases where "only 

tin is used as a refining agent" or whether the criticality also applies to cases where tin is 

used in combination with halide fining. As reported in the supplemental declaration, the 

criticality of the claimed range applies both to tin fining when used alone and to tin 

fining when used in combination with halide fining. 

In the present Office Action, the Examiner stated the following with regard to 

applicant's July 24th supplemental declaration: 

Applicants' arguments filed 7 /24/09 have been fully considered but they 
are not persuasive. Applicant's submission of the Affidavit signed by Dr. Ellison 
as of 7 /24/09 is noted. This declaration is ineffective as it still fails to factually 
establish the use of Chlorine as a fining agent. The declaration makes broad 
statements as to Bromine being a better fining agent than Chlorine, where none 
of these statements are supported. The declaration speaks of prior work done at 
Coming on similar glass showing the use of both chlorine and bromine as fining 
agents. The inclusion of such tests in the declaration would concretely show the 
relationship between bromine and chlorine as fining agents without comparing 
them in general unsupported terms. Statements supported by said data would 
therefore be able to relate the prior art to the alleged unexpected results. If the 
statements submitted in the declaration were properly supported by the above 
mentioned data, the declaration would successfully show unexpected results 
based solely on the ratio of alkaline earth oxides to aluminum oxide and the 
magnesium oxide amount added thereto. At the current juncture, it is still 
unclear whether the 'unexpected results' are attributable to the difference in 
halide gases used and not to the ratio/MgO amount used, as it is stated that the 
use of Cl as a fining agent eliminates the fine bubbles (blisters) in the melt. 
(10/13/09 Office Action at page 10; emphasis in original) 

Submitted herewith is a further declaration from Dr. Ellison dated January 8, 

2010, which sets forth the data requested by the Examiner in the October 13th Office 
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Action. Specifically, the declaration and its Exhibit A set forth data developed at 

Coming in the 1990's which shows that bromine is a better fining agent than chlorine 

for LCD glasses. The following is a copy of the table of paragraph 6 of the declaration. 

The numbers in this table are average numbers of seeds in seeds/cubic inch found in 

crucible melts of an LCD glass which was fined using the fining agents of the first row 

of the table. 

0.5%Br 0.5%Br+SnO 0.5%Cl 1.0¾Cl 0.5%Cl+SnO 

8670 203 21,400 91,700 26,500 

As this data shows, bromine is clearly superior to chlorine as a fining agent for 

LCD glasses, whether used alone or in combination with tin. Based on this data, it is 

evident that the tin+bromine fining of the experiments described in applicant's July 24th 

declaration was a more stringent test of criticality than tin+chlorine fining, i.e., Narita 

fining, would have been. Accordingly, applicant respectfully submits that the 

Examiner's query in the October 13th Office Action as to the source of the unexpected 

results has been fully met -- the unexpected results come from applicant's invention, not 

from a "difference in halide gases used." 

In addition to the Chacon/Narita rejection, the Examiner also rejected Claims 

1-2, 4-5, and 8 under 35 U.S.C. 103(a) based on Nishizawa et al., U.S. Patent No. 

6,169,047 (Nishizawa). In particular, the Examiner relied on the mole percent values 

for Example 29 ofNishizawa's Table 9. Applicant respectfully submits that those mole 

percent values cannot be relied upon. Attached hereto as Exhibit A is a transformation 

to mole percent of the weight percent values for Example 29 given in Nishizawa's 

Table 4. As shown in this exhibit, Nishizawa's Table 9 mole % values for Example 29 

do not correspond to the Table 4 weight% values. In particular, the mole percent values 

of Exhibit A and Table 9 are substantially different for SiO2 and, importantly, for AhO3. 

As a result, the RO/ AhO3 ratio for Example 29 is 1.308, which is outside of applicant's 

claimed range. 
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More generally, as acknowledged by the Examiner in the October 13th Office 

Action, "Nishizawa is silent as to the fining agent used in creating" Example 29. 

Nishizawa does state at column 4, lines 30-34, that "[i]n the glass of the present 

invention, in addition to the above components, ZnO, SO3, F, Cl and SnO2 may be 

incorporated in a total amount of at most 5 mol %, in order to improve the melting 

property, the clarity and the forming property of the glass." Applicant respectfully 

submits that this general statement, with no specific amounts for any of the five listed 

components, would not lead a person of ordinary skill in the art to the present invention 

and certainly would not lead such a person to the RO/ AlzO3 ratios and MgO 

concentrations which applicant found are critical to successful tin fining. Applicant 

notes that Chacon also mentions SnO2 as a possible component but as acknowledged by 

the Examiner, Chacon "doesn't teach its inclusion in a sufficient amount in the examples 

to make the claims obvious." The same is also true of Nishizawa. Accordingly, as with 

Chacon, the obviousness rejection based on Nishizawa should be withdrawn. 

In addition to the foregoing, in the October 13th Office Action, the Examiner 

also made an obviousness-type double patenting rejection based on Dr. Ellison's later­

filed U.S. Patent No. 7,534,734. In making this rejection, the Examiner asserted that 

Claims 1-2 and 4-17 of this application are to "the exact same range of compositions" as 

Claims 1-7 and 11-12 of the '734 patent. Applicant respectfully disagrees. Among 

other things, each of the claims of the '734 patent requires that the glass has an Fe2O3 

content in the range of 0.010-0.033 mole percent. The claims of this application contain 

no such limitation. Moreover, the published version of this application, i.e., U.S. Patent 

Publication No. 2006/0293162, was one of the references specifically made of record by 

the examiner of the '734 patent. 

In discussing obviousness-type double patenting rejections, the MPEP 

distinguishes between domination and double patenting as follows: 

Domination and double patenting should not be confused. They 
are two separate issues. One patent or application "dominates" a second 
patent or application when the first patent or application has a broad or 
generic claim which fully encompasses or reads on an invention defined 
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in a narrower or more specific claim in another patent or application. 
Domination by itself, i.e., in the absence of statutory or nonstatutory 
double patenting grounds, cannot support a double patenting rejection. In 
re Kaplan, 789 F.2d 1574, 1577-78, 229 USPQ 678,681 (Fed. Cir. 
1986); and In re Sarrett, 327 F.2d 1005, 1014-15, 140 USPQ 474,482 
(CCPA 1964). However, the presence of domination does not preclude 
double patenting. See, e.g., In re Schneller, 397 F.2d 350, 158 USPQ 210 
(CCPA 1968). (MPEP at §804(II).) 

Applicant submits that under this guidance, the obviousness-type double 

patenting rejection of the October 13th Office Action is not well-founded and should be. 

withdrawn. 

Based on the foregoing, applicant believes that this application is now in 

condition for allowance. 1 Accordingly, reconsideration and the issuance of a Notice of 

Allowance for the application are respectfully requested. 

Date: ~/ __ 0_/ ! __ "_//) __ 

Respectfully submitted, 

Maurice M. Klee, Ph.D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 Burr Street 
Fairfield, CT 06824 
(203) 255-1400 

1 No extension of time is believed to be necessary for the filing of this Response, but if 
such an extension of time is required, applicant requests that this be considered a 
petition therefor. The Director is hereby authorized to charge any fees which may be 
required for such an extension to Deposit Account No. 11-1158. 
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Component Molecular Wt.% # of Moles Mole% 
Weight (Wt.%/MW) (# of Moles/TotaIMoles)*100 

SiO2 60.084000 61.3 1.0202 67.914 

Al2O3 101.961276 16.6 0.1628 10.837 

B2O3 69.620200 7.4 0.1063 7.076 

MgO 40.304400 1.8 0.0447 2.976 

Cao 56.077400 7.7 0.1373 9.140 

SrO 103.619400 3.2 0.0309 2.057 

Bao 153.326400 0.0 0.0000 0.000 

totalmoles = 1.5022 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Appl. No. 
Filed 
For 
Examiner 
Group 

Adam J. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

SUPPLEMENTAL DECLARATION OF 
ADAM J. ELLISON UNDER 37 C.F.R. §1.132 

I, Adam J. Ellison, declare as follows: 

1. I am the Adam J. Ellison who previously submitted declarations dated 

March 26, 2009 and July 24, 2009 in this application. My education and employment 

experience in the field of glass chemistry, including my work at Corning Incorporated 

(Corning), the assignee of this application, is set forth in my March 26, 2009 

declaration. 

2. I have read the Office Action for this application dated October 13, 2009. 

I make this supplemental declaration in response to the following comments by the 

Examiner which appear on page 10 of the Office Action: 

Applicants' arguments filed 7 /24/09 have been fully considered but they 
are not persuasive. Applicant's submission of the Affidavit signed by Dr. Ellison 
as of 7 /24/09 is noted. This declaration is ineffective as it still fails to factually 
establish the use of Chlorine as a fining agent. The declaration makes broad 
statements as to Bromine being a better fining agent than Chlorine, where none 
of these statements are supported. The declaration speaks of prior work done at 
Corning on similar glass showing the use of both chlorine and bromine as fining 
agents. The inclusion of such tests in the declaration would concretely show the 
relationship between bromine and chlorine as fining agents without comparing 
them in general unsupported terms. Statements supported by said data would 
therefore be able to relate the prior art to the alleged unexpected results. If the 
statements submitted in the declaration were properly supported by the above 
mentioned data, the declaration would successfully show unexpected results 
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based solely on the ratio of alkaline earth oxides to aluminum oxide and the 
magnesium oxide amount added thereto. At the current juncture, it is still 
unclear whether the 'unexpected results' are attributable to the difference in 
halide gases used and not to the ratio/MgO amount used, as it is stated that the 
use of Cl as a fining agent eliminates the fine bubbles (blisters) in the melt. 
(emphasis in original) 

3. In particular, I make this declaration to provide the Examiner with data 

developed by Corning which shows that bromine is a better fining agent than chlorine 

for LCD glasses. This data is from the early 1990's, which is before I joined Corning. 

Accordingly, my knowledge of the work done by Corning in this period and the 

resulting data is based on discussions I have had over the years with Corning scientists 

who were involved with LCD glasses in the 1990's, as well as on reports maintained by 

Corning regarding its work on LCD glasses. 

4. The data from the 1990's which compared bromine and chlorine fining of 

LCD glasses was developed in connection with Corning's efforts to find a replacement 

for arsenic as a fining agent for Corning's Code 1737 LCD glass, which was being sold 

at the time. Corning's Code 1737 LCD glass is the subject of Dumbaugh et al., U.S. 

Patent No. 5,374,595, which I understand was relied on by the Examiner in the April 1, 

2008 Office Action for this application. It is also the comparative example of Chacon et 

al., U.S. Patent No. 6,831,029, relied on by the Examiner in the October 13, 2009 Office 

Action. 

5. The comparison study was performed under the direction of Mr. James 

C. Hayes, who retired from Corning in 1999. The data was developed as part of a multi­

part study which also included fluorine fining and combinations of halide fining and tin 

fining. Attached hereto as Exhibit A is a copy of a table and chart which Mr. Hayes 

included in a 1993 summary report for the project. As described in the report, the 

experiments involved preparing crucible melts and counting the number of seeds (small 

bubbles) in slices (Sl 1 through Sl 5) at increasing distances from the top of the melt. In 

computing averages, the top slice (Sl 1) was omitted since it contained bubbles captured 

by a scum which formed on the top of the molten glass surface. The strikeouts in the 
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table and chart of Exhibit A change SnO2 to SnO so as to indicate that in the 

experiments that used tin oxide, the raw material was tin II oxide as opposed to tin IV 

oxide, i.e., SnO as opposed to SnO2• Because Corning used nitrates as batch 

components at this time, the redox ratio for the tin in the glass would have been similar 

to that associated with SnO2 as the raw material. The notation "vacuum fining project" 

in the top line of the table refers to subsequent work which included halide fining in 

combination with vacuum fining, and the designation "191PNY glass" indicates that the 

glass used in the tests was a laboratory version of a high strain point 1737-type glass. 

The seed counts are reported in seeds/cubic inch. 

6. As shown in the table and chart of Exhibit A, bromine and chlorine were 

each tested at the 0.5 wt.% level both by themselves and in combination with tin oxide. 

Chlorine was also tested at the 1.0 wt.% level. Arsenic at 0.8 wt.% was used as a 

standard for the experiments. The following table summarizes the bromine and chlorine 

data of Exhibit A. In particular, it summarizes the average number of seeds in 

seeds/cubic inch found in.the crucible melts. 

0.5%Br 0.5%Br+SnO 0.5%Cl · l.0%Cl 0.5%Cl+SnO 

8670 203 21,400 91,700 26,500 

7. In paragraph 5 of my July 24, 2009 declaration, I stated that when in the 

course of my research, I performed the RO/ AlzO3 experiments of that declaration "I 

chose bromine because prior work at Corning had shown that bromine is a more 

effective fining agent for LCD glasses than chlorine." At the time I made this choice of 

bromine, I was aware of the above work on halide fining which had been done at 

Corning in the 1990's. As the above experimental data from that era shows, bromine is 

clearly superior to chlorine as a fining agent for LCD glasses. Accordingly, the 

tin+bromine fining of the experiments described in my July 24, 2009 declaration was a 

more stringent test of my RO/AlzO3 -- MgO combination than tin+chlorine fining would 

have been. 
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8. I further declare that all statements made herein of my own knowledge 

are true and that all statements made on information and belief are believed to be true; 

and further that these statements were made with the knowledge that willful false 

statements and the like so made are punishable by fine or imprisonment, or both, under 

section 1001 of Title 18 of the United States Code, and that such willful false statements 

may jeopardize the validity of the application or any patent issuing thereon. 

(Date) 01jf!!3 Adam J. Ellison~ 

' 
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 13 January 2010. 

2a)IZ! This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1.2 and 4-20 is/are pending in the application. 

4a) Of the above claim(s) 18-20 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-2 and 4-17 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20100401 
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Application/Control Number: 11/478,493 

Art Unit: 1793 

DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

Page 2 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

1. Claims 1-2, 4-5, and 8 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Nishizawa in 6169047. 

Regarding Claim 1: Nishizawa teaches in Example 29 a glass composition having in 

mol%, 67% SiO2. 12% Al2O3, 7% B2O3, 3% MgO, 9% Cao, 2% SrO. This composition 

has an MO/Al2O3 value of 1.167. 

When teaching this composition, Nishizawa is silent as to the fining agents used in 

creating it. 

However, in Column 4, lines, 30-35, Nishizawa specifically states that a total amount of 

at most 5 mol% of SnO2 can be used as a fining agent. It would have been obvious to 

use tin oxide as a fining agent as Nishizawa expressly states use of these compounds. 

One would be motivated to use tin oxide, as it increases the clarity of the glass, which is 
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Page 3 

stated by Nishizawa (See Column 4, Lines 30-35). The amount of fining agent taught 

by Nishizawa represents an overlapping range with that of the instant claim. It would 

have been obvious for one of ordinary skill in the art to select from this overlapping 

range and arrive at the instantly claimed invention. See MPEP 2144.04. 

Regarding Claim 2, 4-5: Nishizawa does not include these components and 

specifically states that they should not be included as they are toxic (See Column 4, 

Lines 35-40) 

Regarding Claim 8: The glass of Nishizawa has a strain point of 680 degrees (See 

Table 4). 

Double Patenting 

2. The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 
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Effective January 1, 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

3. Claims 1-2 and 4-17 are rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 1-7 and 11-12 of U.S. Patent No. 

7534734. Although the conflicting claims are not identical, they are not patentably 

distinct from each other because the claims are to the exact same range of 

compositions having a ratio between RO and Al2O3 greater than 1, and also having the 

same properties as those seen in claims 7-8 and 11-12. 

Response to Arguments 

4. Applicant's arguments, see the Declarations filed 1/13/2010 7/24/2009, 

3/30/2009 and 4/28/2009 collectively, with respect to claims 1- have been fully 

considered and are persuasive. The art rejection over Chacon in view of Narita of 

claims 1-17 has been withdrawn. 

5. Applicant's arguments filed 1/13/2010 concerning the Obvious Double Patenting 

rejection have been fully considered but they are not persuasive. The relationship with 

the patented claims is not one of domination, as one set of claims does not fully 

encompass the other. Specifically, see the Strontium and Barium concentrations in 

either independent claim, and the additives used in fining. Furthermore The instant 

claims and those of 7534 734 are truly overlapping and thus obviate one another. 

Thereafter, the ODP rejection is maintained. Applicants arguments that it would not 
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have been obvious for one of ordinary skill in the art to chose from the limited list of 

fining agents presented by Nishizawa is not persuasive. Nishizawa gives clear direction 

in showing a suitable group of fining agents among which that which is claimed, Tin 

Oxide, is included. Nishizawa also specifically teaches a composition having the 

required ratio between RO/Al2O3. It would thereafter not be unobvious to select Tin 

Oxide out of the handful of suitable fining agents presented by Nishizawa. Finally, as 

far as the mol% used. Nishizawa teaches an amount less than 5mol%. The claims are 

to greater than .01 mol%. Selecting an amount in this overlapping range does not seem 

unobvious. Furthermore, applicant's conversion of wt% to mol% is unconvincing. 

Nishizawa teaches compositions and provides both wt and mol%, based on the 

examples, it would seem reasonable to believe that the experiments were based on 

MOL% and converted to wt%. This contention is based on the following series of 

examples 39-43, where the molar% of SiO2 B2O3 and Al2O3 are held constant while the 

RO mol% is varied. For the sake of argument, even in the situation where Nishizawa 

converted the figures incorrectly, he still teaches the usefulness of such a glass. The 

use of such a glass is explicitly taught by Nishizawa, Thereafter the ratio between RO 

and aluminum is explicitly taught, where it would be obvious to increase the fineness 

with Tin and other clarifiers. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Matthew E. Hoban whose telephone number is (571) 
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270-3585. The examiner can normally be reached on Monday - Friday from 7:30 AM to 

5 PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jerry Lorengo can be reached on (571) 272-1233. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/J.A. LORENGO/ 
Supervisory Patent Examiner, Art Unit 1793 

/Matthew E Hoban/ 
Examiner, Art Unit 1793 
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[320] Attorney Docket No.: ADP-231 US PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Serial No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

TERMINAL DISCLAIMER TO OBVIATE A 
DOUBLE PATENTING REJECTION OVER A PRIOR PATENT 

The owner, Coming Incorporated, of the entire interest in the instant application 

hereby disclaims, except as provided below, the terminal part of the statutory term of 

any patent granted on the instant application, which would extend beyond the expiration 

date of the full statutory term defined in 35 U.S.C. 154 to 156 and 173, as presently 

shortened by any terminal disclaimer, of prior Patent No. 7,534,734. The owner hereby 

agrees that any patent so granted on the instant application shall be enforceable only for 

and during such period that it and the prior patent are commonly owned. This agreement 

runs with any patent granted on the instant application and is binding upon the grantee, 

its successors or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of 

any patent granted on the instant application that would extend to the expiration date of 

the full statutory term as defined in 35 U.S.C. 154 to 156 and 173 of the prior patent, as 

presently shortened by any terminal disclaimer, in the event that it later: expires for 
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failure to pay a maintenance fee, is held unenforceable, is found invalid by a court of 

competent jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 

37 CFR 1.321, has aH claims cancelled by a reexamination certificate, is reissued, or is 

in any manner terminated prior to the expiration of its full statutory term as presently 

shortened by any terminal disclaimer. 

The undersigned is an attorney of record. 

Respectfolly submitted, 

Thomas R. Beall 
Reg. No. 40,424 
Corning Incorporated 
SP-TI-03-1 
Corning, New York 14831 
(607) 974-3921 
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PTO/SB/17 (10-08) 
Approved for use through 09/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
U d h P n er! e aperwor k R d e uctIon A f1995 ct o . d no persons are require to respon to a co ectIon o in ormatIon u n ess 11 Isp1 avs a va 1 contra num er d II . f. f . I . d. I I'd 0MB I b 

r Effective on 12/08/2004. Complete if Known " Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818). 
Application Number 11478493 

FEE TRANSMITTAL Filing Date June 28, 2006 

For FY 2009 First Named Inventor Ellison 

Examiner Name M. Hoban D Applicant claims small entity status. See 37 CFR 1 .27 
Art Unit 1793 

\..TOTAL AMOUNT OF PAYMENT I ($) 140.00 Attorney Docket No. ADP-231 US ~ 

METHOD OF PAYMENT (check all that apply) 

D Check D Credit Card □Money Order ONone D Other (please identify): 

0 Deposit Account Deposit Account Number: 111158 Deposit Account Name: Maurice M. Klee 
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply) 

[Z] Charge fee(s) indicated below D Charge fee(s) indicated below, except for the filing fee 

[Z] Charge any additional fee(s) or underpayments of fee(s) 
under37 CFR 1.16 and 1.17 

[Z] Credit any overpayments 

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card 
information and authorization on PTO-2038. 

FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES 
FILING FEES SEARCH FEES EXAMINATION FEES 

AIrnlication Ty~e ~ 
Small Entity 

Fee($) Fee($) 
Small Entity Small Entity 
~ Fee($) ~ Fees Paid (U 

Utility 330 165 540 270 220 110 
Design 220 110 100 50 140 70 
Plant 220 110 330 165 170 85 
Reissue 330 165 540 270 650 325 
Provisional 220 110 0 0 0 0 

2. EXCESS CLAIM FEES Small Entity 
Fee Descri~tion Fee($) ~ 
Each claim over 20 (including Reissues) 52 26 
Each independent claim over 3 (including Reissues) 220 110 
Multiple dependent claims 390 195 

Total Claims Extra Claims ~ Fee Paid (U Multi~le De~endent Claims 
- 20 or HP= X = ~ Fee Paid (U 

HP= highest number of total claims paid for, if greater than 20. 

lnde~. Claims Extra Claims Fee($) Fee Paid($) 
- 3 or HP = X = 

HP= highest number of independent claims paid for, if greater than 3. 

3. APPLICATION SIZE FEE 
If the specification and drawings exceed 100 sheets of paper ( excluding electronically filed sequence or computer 

listings under 37 CFR l.52(e)), the application size fee due is $270 ($135 for small entity) for each additional 50 
sheets or fraction thereof. See 35 U.S.C. 4l(a)(l)(G) and 37 CFR l.16(s). 
Total Sheets Extra Sheets Number of each additional 50 or fraction thereof ~ Fee Paid (U 
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[321] Attorney Docket No.: ADP-231 US PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Serial No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICA TE GLASSES 
M. Hoban 
1793 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

In accordance with 37 CFR § 1.56, 37 CFR § l.97(d), and 37 CFR § 1.97(e)(l), 

applicant wishes to call the Examiner's attention to the reference listed on the 

Information Disclosure Statement by Applicant (PTO Form SB08a) submitted herewith. 

No copy of the reference, which is a U.S. patent document, is submitted herewith 

pursuant to 37 CFR § l.98(a)(2)(ii). 

The undersigned certifies that this reference was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this statement. In particular, U.S. Patent 

No. 6,992,030 is an English language equivalent ofTW 12253441, which was cited in 

an April 22, 2010 Taiwanese Office Action regarding applicant's corresponding 

Taiwanese patent application. 

Submitted herewith is the fee specified in 37 CFR § l.17(p) for this submission. 

The Examiner is respectfully requested to initial a copy of PTO Fonn SB08a 

submitted herewith and return it to applicant to indicate consideration of the reference 

listed thereon in connection with the prosecution of this application. 

Date: July 15, 2010 

Respectfully submitted, 

/Maurice M. Klee/ 
Maurice M. Klee, Ph.D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 Burr Street 
Fairfield, CT 06824 
(203) 255-1400 
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[321] Attorney Docket No.: ADP-231 US MAIL STOP AF-PATENT 
Response Under 
37 CFR §1.116 
Expedited Procedure 
Examining Group 1793 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Appl. No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

AMENDMENT AFTER FINAL REJECTION 

This Amendment After Final Rejection is submitted in response to the Office 

Action dated April 15, 2010. Its contents are: 

(1) a listing of the claims of the application which includes the amendments 

to the claims being made by this Amendment -- page 2; and 

(2) applicant's Remarks -- page 6. 

No extension of time is believed to be necessary for the filing of this 

Amendment, but if an extension of time is required, applicant requests that this be 

considered a petition therefor. The Director is hereby authorized to charge any fees 

which may be required for such an extension to Deposit Account No. 11-1158. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions of the claims in this 

application: 

Listing of Claims: 

Claim 1 (currently amended): An alkali-free glass comprising in mole percent on an 

oxide basis: 

Si02: 

Alz03: 

B203: 

MgO: 

CaO: 

SrO: 

BaO: 

wherein: 

64.0-71.0 

9.0-12.0 

7.0-12.0 

1.0-3.0 

6.0-11.5 

0-2.0 

0-0.1 

(a) 1.00::::; L[RO]/[Alz03]::::; 1.25, 

where [Alz03] is the mole percent of Alz03 and L[RO] equals the sum of the mole 

percents of MgO, CaO, SrO, and BaO; [[ and]] 

(b) the glass has the compositional characteristic that on an oxide basis, the 

glass comprises at least 0.01 mole percent Sn02; and 

{£). the glass has a density that is less than or equal to 2.41 grams/cm3
• 

Claim 2 (previously presented): The glass of Claim 1 wherein the glass has the 

additional compositional characteristic that on an oxide basis, the glass comprises at 

most 0.05 mole percent Sb203. 

Claim 3 ( canceled) 
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Claim 4 (previously presented): The glass of Claim 1 wherein the glass has the 

further compositional characteristic that on an oxide basis, the glass comprises at most 

0.05 mole percent As2O3. 

Claim 5 (previously presented): The glass of Claim 2 wherein the glass has the 

further compositional characteristic that on an oxide basis, the glass comprises at most 

0.05 mole percent As2O3. 

Claim 6 (currently amended) An alkali-free glass comprising in mole percent on an 

oxide basis: 

SiO2~ 64.0-71.0 

Al2O:-t~ 9.0-12.0 

fulli~. 7.0-12.0 

MgO:~ 1.0-3.0 

CaO: 6.0-11.5 

BaO: 0-0.1 

wherein the glass has the compositional characteristics: 

.(fil The glass of Claim 1 wherein on an oxide basis, SrO is at most 1.0 mole 

percent~ 

.(hl_ on an oxide basis, the glass comprises at least 0.01 mole percent SnO2~ 

and 

1.00 < L[RO]/[Ablli] < 1.25, where [Ablli] is the mole percent of 

Al2~ and LrRO] equals the sum of the mole percents ofMgO, CaO, SrO, and BaO. 

Claim 7 (currently amended) The glass of Claim [[l]] Q wherein the glass has a 

density that is less than or equal to 2.41 grams/cm3. 
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Claim 8 ( original) The glass of Claim 1 wherein the glass has one or more of the 

following properties: 

(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 X 10-11°c ::; CTE ::; 34 X 10-11°c. 

Claim 9 (original) An alkali-free glass comprising in mole percent on an oxide basis: 

SiO2: 64.0-71.0 

AhO3: 9.0-12.0 

B2O3: 7.0-12.0 

MgO: 1.0-3.0 

CaO: 6.0-11.5 

SrO: 0-1.0 

BaO: 0-0.1 

wherein: 

r[RO]/[AhO3] 2:: 1.00, 

where [AhO3] is the mole percent of AhO3 and r[RO] equals the sum of the mole 

percents of MgO, CaO, SrO, and BaO. 

Claim 10 ( original) The glass of Claim 9 wherein: 

r[RO]/[AhO3] ::; 1.25. 

Claim 11 ( original) The glass of Claim 9 wherein the glass has a density that is less 

than or equal to 2.41 grams/cm3. 

Claim 12 ( original) The glass of Claim 9 wherein the glass has one or more of the 

following properties: 
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(a) a liquidus viscosity that is greater than or equal to 100,000 poise; 

(b) a strain point that is greater than or equal to 650°C; 

(c) a linear coefficient of thermal expansion (CTE) over the temperature 

range 0-300 °C which satisfies the relationship: 

28 X 10-11°c ::; CTE :::; 34 X 10-11°c. 

Claim 13 ( original) The glass of Claim 9 wherein the glass has at least one of the 

following compositional characteristics: 

(a) on an oxide basis, the glass comprises at most 0.05 mole percent As2O3; 

(b) on an oxide basis, the glass comprises at most 0.05 mole percent Sb2O3; 

(c) on an oxide basis, the glass comprises at least 0.01 mole percent SnO2 

Claim 14 (original) The glass of Claim 13 wherein the glass has compositional 

characteristics (a) and (b ). 

Claim 15 ( original) The glass of Claim 13 wherein the glass has compositional 

characteristics (a) and (c). 

Claim 16 ( original) The glass of Claim 13 wherein the glass has compositional 

characteristics (b) and ( c ). 

Claim 17 ( original) The glass of Claim 13 wherein the glass has compositional 

characteristics (a), (b), and (c). 

Claims 18-20 ( canceled) 
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REMARKS 

This Amendment After Final Rejection is submitted in response to the Office 

Action dated April 15, 2010. 

The claim amendments set forth above are being made to put this application 

into condition for allowance. In particular, in the April 15th Office Action, dependent 

Claims 6 and 7, as well as independent Claim 9 and its dependent Claims 10-17, were 

not rejected under § 103. By the above amendment, dependent Claim 6 has been written 

in independent form and the limitation of Claim 7 has been incorporated in Claim 1. 

Accordingly, the entry of this Amendment will remove the §103 rejection. 

The April 15th Office Action also included an obviousness-type double 

patenting rejection based on commonly-assigned U.S. Patent No. 7,534,734. Submitted 

herewith is a terminal disclaimer directed to the '734 patent. 

This terminal disclaimer is being made without prejudice and its sole purpose is 

to obviate the double patent rejection made by the Examiner. See MPEP §804.02. 

Pursuant to the holding in, for example, Quad Environmental Technologies Corp. v. 

Union Sanitary District, 946 F.2d 870, 20 USPQ2d 1392 (Fed. Cir. 1991), this terminal 

disclaimer is not to be construed in any way as an obviousness admission with regard to 

any of the claims of this application or to indicate acquiescence in, or agreement with, 

the arguments and assertions made in connection with the rejection. 

More generally, the above amendments are being made without prejudice to 

applicant's right to pursue broader claims in one or more continuation or divisional 
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applications. Also, the making of these amendments should not be taken as an 

acquiescence in, or an agreement with, any of the arguments, assertions, or rejections 

made in the Office Action. 

In view of the above, applicant believes that this application is now in condition 

for allowance. Accordingly, reconsideration, entry of this Amendment, and the timely 

issuance of a Notice of Allowance are respectfully requested. 

Date: July 15, 2010 

Respectfully submitted, 

/Maurice M. Klee/ 
Maurice M. Klee, Ph.D. 
Reg. No. 30,399 
Attorney for Applicant 
1951 Burr Street 
Fairfield, CT 06824 
(203) 255-1400 
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Initials* 
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1 
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* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /PAMELA THERA TT/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information Is required by 37 CFR 1.16. The information Is required to obtain or retain a benefit by the public which Is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Application Number Application/Control No. Applicant(s)/Patent under 
Reexamination 

11/478,493 ELLISON, ADAM J.G. 

Document Code - DISQ Internal Document - DO NOT MAIL 

TERMINAL 
~APPROVED □ DISAPPROVED DISCLAIMER 

This patent is subject 
Date Filed : 7/15/10 to a Terminal 

Disclaimer 

Approved/Disapproved by: 

j.proctor 

U.S. Patent and Trademark Office 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

22928 7590 08/10/2010 

CORNING INCORPORATED 
SP-TI-3-1 
CORNING, NY 14831 

EXAMINER 

HOBAN, MATTHEW E 

ART UNIT PAPER NUMBER 

1793 

DATE MAILED: 08/10/2010 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

11/478,493 06/28/2006 Adam J.G. Ellison ADP-231 (SP05-073) 5778 

TITLE OF INVENTION: FINING OF BOROALUMINO SILICATE GLASSES 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional NO $1510 $300 $0 $1810 11/10/2010 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOW ARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page 1 of 3 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

22928 7590 08/10/2010 

CORNING INCORPORATED 
SP-TI-3-1 
CORNING, NY 14831 

APPLICATION NO. FILING DATE 

11/478,493 06/28/2006 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Adam J.G. Ellison ADP-231 (SP05-073) 5778 

TITLE OF INVENTION: FINING OF BOROALUMINO SILICATE GLASSES 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

EXAMINER ART UNIT 

HOBAN, MATTHEWE 1793 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

501-066000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 11/10/2010 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number ______ ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file ( and by the US PTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

11/478,493 06/28/2006 

22928 7590 08/10/2010 

CORNING INCORPORATED 
SP-TI-3-1 
CORNING, NY 14831 

FIRST NAMED INVENTOR 

Adam J.G. Ellison 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

ADP-231 (SP0S-073) 5778 

EXAMINER 

HOBAN, MATTHEW E 

ART UNIT PAPER NUMBER 

1793 

DATE MAILED: 08/10/2010 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 101 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 101 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571)-272-4200. 

Page 3 of 3 
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Notice of Allowability 

Application No. 

11/478,493 
Examiner 

Matthew E. Hoban 

Applicant(s) 

ELLISON, ADAM J.G. 
Art Unit 

1793 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. IZI This communication is responsive to the Terminal Disclaimer and Amendments filed 7/15/2010. 

2. IZI The allowed claim(s) is/are 1,2 and 4-17. 

3. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. [gi Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 7/15/2010 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

/Matthew E Hoban/ 
Examiner, Art Unit 1793 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenUComment 

8. [gl Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20100730 
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Application/Control Number: 11/478,493 

Art Unit: 1793 

REASONS FOR ALLOWANCE 

1. The following is an examiner's statement of reasons for allowance: The 

claimed glass composition cannot be anticipated or obviated by the prior art of 

reference. Specifically the claimed glass with the given composition requirement 

that RO/Al2O3 is greater than unity combined with the narrow and precise 

representation of the given composition lead to the patentability of the claims. 

Applicant has shown through evidence that the ratio between the alkali earth and 

aluminum components causes dramatic changes in the glass, which would be 

unexpected in the art. 

Any comments considered necessary by applicant must be submitted no 

later than the payment of the issue fee and, to avoid processing delays, should 

preferably accompany the issue fee. Such submissions should be clearly labeled 

"Comments on Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to Matthew E. Hoban whose telephone number 

is (571) 270-3585. The examiner can normally be reached on Monday - Friday 

from 7:30 AM to 5 PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, Jerry Lorengo can be reached on (571) 272-1233. The 

fax phone number for the organization where this application or proceeding is 

assigned is 571-273-8300. 

Page 2 
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Application/Control Number: 11/478,493 

Art Unit: 1793 

Information regarding the status of an application may be obtained from 

the Patent Application Information Retrieval (PAIR) system. Status information 

for published applications may be obtained from either Private PAIR or Public 

PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair­

direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll­

free). If you would like assistance from a USPTO Customer Service 

Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000. 

/C. Melissa Koslow/ 
Primary Examiner, Art Unit 1793 

/Matthew E Hoban/ 
Examiner, Art Unit 1793 

Page 3 
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Application/Control No. 

Index of Claims 11478493 

Examiner 

Matthew E Hoban 

✓ Rejected Cancelled N 

= Allowed Restricted 

Applicant(s)/Patent Under 
Reexamination 

ELLISON, ADAM J.G. 

Art Unit 

1793 

Non-Elected 

Interference 

A Appeal 

0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final Original 03/20/2008 07/30/2010 

1 ✓ = 
2 ✓ = 
3 ✓ -
4 ✓ = 
5 ✓ = 
6 ✓ = 
7 ✓ = 
8 ✓ = 
9 ✓ = 
10 ✓ = 
11 ✓ = 
12 ✓ = 
13 ✓ = 
14 ✓ = 
15 ✓ = 
16 ✓ = 
17 ✓ = 
18 -

19 -
20 -

U.S. Patent and Trademark Office Part of Paper No. : 20100730 
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OK TO ENTER: iiv1.H.i OK TO ENTER: /iv1.H./ 

[321] Attorney Docket No.: ADP-231 US MAIL STOP AF-PATENT 
Response Under 
37 CFR §1.116 
Expedited Procedure 
Examining Group 1793 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Appl. No. 
Filed 
For 
Examiner 
Group 

Adam J. G. Ellison 
11/478,493 
June 28, 2006 
FINING OF BOROALUMINO SILICATE GLASSES 
M. Hoban 
1793 

AMENDMENT AFTER FINAL REJECTION 

This Amendment After Final Rejection is submitted in response to the Office 

Action dated April 15, 2010. Its contents are: 

(1) a listing of the claims of the application which includes the amendments 

to the claims being made by this Amendment -- page 2; and 

(2) applicant's Remarks -- page 6. 

No extension of time is believed to be necessary for the filing of this 

Amendment, but if an extension of time is required, applicant requests that this be 

considered a petition therefor. The Director is hereby authorized to charge any fees 

which may be required for such an extension to Deposit Account No. 11-1158. 
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Page 1 of 1 

UNIIBD STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371 (c) 
DATE 

CLASS 

11 /478,493 06/28/2006 252 

RULE 

APPLICANTS 
Adam J.G. Ellison, Painted Post, NY; 

** CONTINUING DATA ************************* 
This appln claims benefit of 60/694,478 06/28/2005 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
07/27/2006 

Foreign Priority claimed D Yes llNo STATE OR 
35 USC 119(a-d) conditions met D Yes ll No □ X1f~;:~~e COUNTRY 
Verified and /MATTHEW E /mh/ 

NY HOBAN/ 
Acknowledged Examiner's Signature Initials 

ADDRESS 

CORNING INCORPORATED 
SP-Tl-3-1 
CORNING, NY 14831 

TITLE 

Fining of boroalumino silicate glasses 

FILING FEE FEES: Authority has been given in Paper 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

CONFIRMATION NO. 5778 

GROUP ART UNIT ATTORNEY DOCKET 
NO. 

1793 ADP-231 (SP05-073) 

SHEETS TOTAL INDEPENDENT 
DRAWINGS CLAIMS CLAIMS 

3 20 3 

0 All Fees 

□ 1.16 Fees (Filing) 

RECEIVED No. to charge/credit DEPOSIT ACCOUNT □ 1.17 Fees (Processing Ext. of time) 

1000 No. for following: □ 1.18 Fees (Issue) 

□ Other 

□ Credit 

BIB (Rev. 05/07). 
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Receipt date: 07/15/201 O 11478493 - GAU: 1793 
PTO/SB/08a (07-09) 

Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paoerwork Reduction Act of 1995 no oersons are reauired to resoond to a collection of information unless it contains a valid 0MB control number. 

r Complete if Known ' Substitute for form 1449/PTO 

Application Number 11478493 

INFORMATION DISCLOSURE 
Filing Date June 28, 2006 
First Named Inventor Ellison 

STATEMENT BY APPLICANT Art Unit 1793 
(Use as many sheets as necessary) Examiner Name M. Hoban 

'- Sheet I I of I Attorney Docket Number ADP-231 US ~ 

U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where 

No.1 Initials* 

/M.H./ 

Examiner 
Initials* 

Examiner 
Signature 

1 

Cite 
No.1 

MM-DD-YYYY Applicant of Cited Document 

Number-Kind Code2 (HoownJ 

US- 6992030 B2 01-31-2006 Paulson 

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

FOREIGN PATENT DOCUMENTS 
Foreign Patent Document Publication Name of Patentee or 

Date Applicant of Cited Document 
MM-DD-YYYY 

Country Code3 -Number 4 -Kind Code5 (if known) 

/Matthew Hoban/ 
Date 
Considered 

Relevant Passages or Relevant 
Figures Appear 

Pages, Columns, Lines, 
Where Relevant Passages 
Or Relevant Figures Appear Ts 

07/30/2010 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of 
USPTO Patent Documents at wvwv.usplo.aov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For 
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5Kind of document by 
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language 
Translation is attached. 
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 (1-800-786-9199) and select option 2. 
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Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Attorney Docket No.: SP0S-073 

IN THE UNlTEn STATJ<:s PA TENT AND TRADElvlARK OFFICE 

Patent Number: 7851394 

Patentees: 

Serial No: 

Filed: 

For: 

Adam J. Ellison 

11/478493 

June 2R, 2006 

FINING OF BOROALUMINO 
SILICATE GLASSES 

Confirmation No.: 5778 

Group Art Unit: 1793 

Examiner: Matthew E. Hoban 

REQUE(ST l◄'OR Cl:RTIFICATE OF CORRECTION :FOR 

PTO ltflSTAKE PVRSVANT TO 35 U.S.C. § 254 AND 37 C.F.R. § 1.322 

Commissioner for Patents 
Attention: Certificate of Correction Branch 
P.O. Box 1450 
i\lexandria, VA 22313-1450 

Sir: 
This is a request for the issuance of a Certificate of Correction in the above-identified 

patent. Fonn PTO 1050 is appended. The conection(s) involve(s) page(s) 

The mistake(s) identified in the appended Form occurred through the fault of the 

Pak~nt Office, as clearly disdosed by the records of the application which matured into this 

patent 

Issuance of the Certificate of Correction is requested. 

Date: Janumy 14, 2011 

CERTIFICATE OF MAILING OR TRANSMISSIO.,E 
l herd,y certify that this paper and/or foe or diarge authorizahon 
is being tr;;nsmiited to Maii Stop Certificate of Correction 
Brnncil, Cormnissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450, onJanuarv l4 201 l, via: 

0 Exprnss Mail Post Office to Addressee service ofthe United 
States Postal Service under 37 CFR §UO (Express Mail 
Label No. '; 

D depositing with the United States Postal Service with 
suffident postage as first class mail under 37 CFR §1.8; 

D Facsimik Tnmsmiss10n under 37 CPR §1.6(d) (F.;csimi!e No. 
)· 

0 -·'the Electronic Filing System of the U.S. Patent and 
Trr:demark Offi9y under 37 CFR § l .6(a)f,l) 

Signature ;.::.,_LL,.: )\, .. ,/·:/{~ f. 
Susiin M. Kaiw ' · 

Revised: Febniaxy 2, 2009 

Respectfully submitted, 
CQRNJNG INCORPORATED 

l >ii .-,~:~::~·--r1>-t t __ {) 
Tho;i1'a-; R. B·eall 
Attorney/ Agent fbr Applicant 
Registration No.: 40,424 
Corning Incorporated 
Intellectual Property Department 
Mail Stop; SP-TI-03-1 
Coming, NY 14831 
Phone: (607) 974-3921 
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PATENT NO. 
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INVENTOR(S) 
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: December 14, 2010 
: Adam James Ellison, et al 
: 5778 

It is certified that en-or appears in the above-identified patent and that said Letters Patent is hereby 
conected as shown below: 

No. Col. Line Description 

1 21 38 Please delete "Al2O3 : 19.0-12.0" and add --A'2O3 : 9.0-12.0--

MAILING ADDRESS OF SENDER: 

Coming Incorporated 
Intellectual Property Department 
Mail Stop: SP-TI-3-1 
Coming, NY 148 31 

PATENT NO. 7851394 

No. of additional copies 1 
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Filer Authorized By: Thomas Russell Beall 
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Time Stamp: 14:07:57 
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 7,851,394 B2 

: 11/478493 
: December 14, 2010 
: Adam James Ellison et al. 

Page 1 of 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

Col. Line 
21 38 Please delete "Ab03: 19.0-12.0" and add--Ab03: 9.0-12.0--

Signed and Sealed this 
Thirty-first Day of May, 2011 

cJ7 ~-- · ·V 
~j y {,-_~ 

David J. Kappos 

Director of the United States Patent and Trademark Office 
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