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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
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
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

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
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 of liquid crystal material. In a display type known as
Normally White, the application of alignment layers on the inner surfaces of the
substrates creates a 90° spiral of the liquid crystal director. This means that the
poiarization of linearly polarized light entering one face of the liquid crystal cell will be
rotated 90° by the liquid crystal matenal. Polarization films, oriented 90° to each other,
are placed on the outer surfaces of the substrates.

Light, upon entering the first polarization film becomes linearly polarized.
Tréversing 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
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
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 pixé_ls, 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
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
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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3
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 (subétrate 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 rémove the
influence of differences between the ambient thermal conditions encountered during the
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
(CTE) is in the range of 28-34 x1077/°C (0-300°C), more preferably, 28-33 x1077/°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
during these processes. Thus, thé 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 nature of a particular glass composition (as indicated by
its strain point) and the thermal history of the glass sheet as determined by the
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-Si1 TFTs. Higher temperature processing (such as required by low
temperature p-Si TFTs) may require the addition of an annealing step to the glass

substrate to ensure thermal stability.
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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
110BHF. This test consists of immersing a sample of glass in a solution of 1 volume of
50 wt.% HF and 10 volumes 40 wt.% NH4F at 30°C for S minutes. The sample is
graded on weight loss and appearance. In addition to the 110BHF test, glass substrates
are also tested for their resistance to acid conditions. In this case, the etchant solution is
5% HCI and the glass sample is immersed in the test solution for 24 hours at 95°C.

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 éag, 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
in the cassettes used to transport the glass between process stations.

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 ﬁsed 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
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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5
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
arsenic, antimony is a less effective fining 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/cm’ of glass and
preferably less than or equal to 0.05 inclusions/cm® for sheets having a volume of at
least 500 cm®. Moreover, it is not sufficient to achieve a low level of gaseous
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
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/cm’ and a liquidus viscosity
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 of 28-34 X 1077/°C, and preferably between
about 28-33 X 1077/°C, over the temperature range of 0-300°C. Furthermore, it would
be advantageous for the glass to have a strain point greater than 650°C, and for the
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

comprising in mole percent on an oxide basis:
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Si0,:
AbLOs:
B,Os:
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 (preferably 0-1.0)
0-0.1

(@  1.00 < I[ROJ/[ALO;] < 1.25 (preferably, 1.03 < Z[RO]/[ALO;] < 1.12),

where [Al,Os;] is the mole percent of Al,O; and 2[RO] equals the sum of the mole
percents of MgO, CaO, SrO, and BaO; and

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

compositional characteristics:

()

(i1)

on an oxide basis, the glass comprises at most 0.05 mole percent
Sb203;
on an oxide basis, the glass comprises at least 0.01 mole percent

Sn02 .

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

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

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

comprising in mole percent on an oxide basis:

S10;:
Al;Os:
B,0s:
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
0-1.0
0-0.1

3[ROJ[ALOs] = 1.00 (preferably, S[RO]/[Al,05] = 1.03).

0009



10

15

20

25

30

7
Preferably, the Z[RO}/[Al,O;] 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) on an oxide basis, the glass comprises at most 0.05 mole percent As;0s3;

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

(©) on an oxide basis, the glass compriseé at least 0.01 mole percent SnO;.

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
the sheets comprises SiO,, Al,O3, B,O3; MgO, and CaO, and, on an oxide basis, has:

(i) a Z[RO]/[Al,Os] ratio greater than or equal to 1.0; and

(i) 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.€., the concentrations of As>O3 and Sb,O; are each less than or
equal to 0.05 mole percent); and

(b) a populatioﬁ 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.

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, SnO; is
preferably used in the fining.

In accordance with each of the foregoing aspects of the invention, the glass
preferably has some and most preferably all of the following properties:

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

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

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

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

range 0-300 °C which satisfies the relationship:
28x 1077/°C < CTE < 34x 1077/°C.
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It should be noted that the ranges specified above include the end points of the
range. For example, when SiO; 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 SiO; concentration. Similarly, when a concentration or other parameter
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.
The accompanying drawings are included to providc.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
geﬁerally, both the above summary and the following detailed description are merely
exemplary of the invention and are intended to provide an overview or framework for
understanding the nature and character of the invention.

V. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a liquidus phase diagram of the CaO-A1,0;-SiO, system.

Figure 2 is a liquidus phase diagram of the MgO-A1,03-SiO; system.
Figure 3 shows the effect of the X[RO}/[Al,0;] ratio on inclusions (blisters) per

pound values for a multi-day experiment.
V1. 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
meet the various property requirements of such substrates. The major components of
the glass are SiO,, Al,O;, B2Os3, and at least two alkaline earth oxides, i.e., at least MgO
and CaO.

Si0; 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
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/cm® (more preferably, less than or equal to 2.43 grams/cm’, most
preferably, less than or equal to 2.41 grams/cm®), a weight loss which is less than or
equal to 0.8 milligrams/cm? 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 rnilligrarnsfc:m2 when exposed
to a solution of 1 volume of 50 wt.% HF and 10 volumes 40 wt.% NHF at 30°C for
5 minutes.

To be formed by a downdraw process, the glasses preferably have a liquidus
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 SiO, 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
of SiO; 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 SiO, 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
69.5 mole percent. As a result of their SiO, 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.

AlOj; is another glass former of the glasses of the invention. An Al,O;
concentration greater than or equal to 9.0 mole percent provides the glass with a low
liquidus temperature and a corresponding high liquidus viscosity. The use of at least
9.0 mole percent Al,O3 also improves the glass' strain point and modulus. In order to
achieve an Z[RO]/[A1,O;] ratio greater than or equal to 1.00 (see below), the A1,03
concentration needs to be kept below 12.0 mole percent. Preferably, the Al,O;
concentration is between 9.5 and 11.5 mole percent.

B,0Os 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 B,O3

concentrations that are equal to or greater than 7.0 mole percent. Large amounts of

0012



10

15

20

25

30

10
B,0s, however, lead to reductions in strain point (approximately 10°C for each mole
percent increase in B,O3 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

or greater than 655°C, most preferably, equal to or gi'eater than 660°C),.a.Young's

modulus equal to or greater than 10.0 x 10° psi (more preferably, equal to or greater
than 10.3 x 10° psi; most preferably, equal to or greater than 10.6 x 10° psi), and a
chemical durability as described above in connection with the discussion of the SiO,
content of the glass. A high strain point is desirable to help prevent panel distortion
due to compaction/shrinkage durihg 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 B,0;
concentrations that are less than or equal to 12.0 mole percent. Preferably, the B,O;
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 Al,O; and B,Os3 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
increase in B,O3 and a corresponding decrease in Al,Oj; can be helpful in obtaining a
lower density and CTE, while an increase in Al>O; and a corresponding decrease in
B,Os can be helpful in increasing strain point, modulus, and durability, provided that
the increase in Al,O; does not reduce the Z[RO]/A[AbOﬂ ratio below 1.00. For
reference, as discussed above, glasses for use in AMLCD applications preferably have
CTE's (0-300°C) in the range of 28-34 x 107/°C.

In addition to the glass formers (SiO,, Al,O3, and B,0;), 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' X[RO]/[A1,03] ratio, where [Al,O;] is the mole percent of
Al,O3 and Z[RO] equals the sum of the mole percents of MgO, 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 operatiori> it is
believed that following aspects of glass chemistry are involved in the roles of MgO and
the Z[ROJ/[AL,O3] ratio in the glasses of the_invention. »

As is known in the art, in aluminosilicate glasses, AI** ions seek to be
surrounded by four oxygen ions (O?7). One means by which this occurs is traditionally
called a charge-balance interaction. A silicon ion (Si**) bonded to four O can be
thought of as contributing 4 x (+4) or an incremental charge of +1 towards the bonding
requirements of each O?~. If one of these oxygen ions is bonded in turn to a 4-fold
coordinated A1**, then there is an additional contribution of % x (+3) = +% towards the
bonding requirements of the O ion, for a total of +1%. The remaining +% can be
obtained by a nearby +2 cation such as an alkaline earth, e.g., 1/8 x (+2) = +'%. The
total charge contributed by positively charged ions exactly balances the negative charge
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

2.[ROJ/[Al,O3] ratio is 1 or more, it then follows that nearly all aluminum in calcium

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

Structure of mineral glasses: 1. The feldspar glasses NaAlSi;Og, KAIS130g, CaAl;Si,0s.
Geochim. Cosmochim Acta 43:61-75 (1979); P. McMillan, B. Piriou, A Navrotsky, A
Ré.man 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
and silica-sodium aluminate. Geochim Cosmochim Acta 46:2039-2047 (1982). Asis
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
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
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11:284-298 (1985). The preferred +2 cations in the invention are CaO, MgO and
SrO, in order of maximum concentration. The Ca®" ion is better at stabilizing
aluminum in 4-fold coordination than the Mg?* ion, but not as effective as the Sr** ion.
In the glasses of the present invention, Sr** will be completely consumed in charge-
balahcing interactions, followed by Ca®* up to the limit that virtuaily all AI** ions are
stabilized in 4-fold coordination by Ca®* or Sr**. If AI** ions remain that still require
charge-balance, Mg2+ ions will be used for this purpose until the remaining Al** ions
are stabilized in 4-fold coordination.

The alkaline earth ions that are not used to stabilize aluminum in 4-fold
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 of Si-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 Ca®* and Mg”*. In breaking up the network structure of the glass, the
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
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 Z[RO]/[Al,O3] ratio must
be>1.

To understand this last role, i.e., the role of reducing the stability of crystalline
silica, it is useful to consider the liquidus phase diagram of the CaO-Al,O;-Si0, system
as depicted in Figure 1 (data used to prepare ﬂ’liS 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
across which the crystal in equilibrium with a liquid changes its identity. At the top of
the figure is cristobalite, a crystalline polymorph of SiO,. To the lower right is mullite,

approximately 3A1,05-2S10;,, 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, CaAl,Si,Os, in which the CaO/Al,0s ratio is 1.0 and all AI** ions are 4-fold
coordinated by oxygen. The phase in the lower left is wollastonite, Ca;Si;Og, in which
all Si** ions are 4-fold coordinated by oxygen, all Ca®* ions are 6-fold coordinated by
oxygen, and at least some of the oxygen ions are shared between Ca”* and Si** jons.
The vertical line running through the middle of the triangle denotes compositions for
which the CaO/Al,O; 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.

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
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 melf 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
down to 1170°C, at which point those three phases simultaneously come into
equilibrium with the liquid.

Were a crystalline assemblage of wollastonite, cristobalite and anorthite heated
up from room temperature, the first appearance of a liquid would be at 1170°C, and the
composition of the liquid would be equivalent to that of the corresponding eutectic
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/Al,O3; = 1.0. This line denotes a thermal
maximum in RO-A1,03-510; systems, for R = Ca, Sr and Ba. In other words,
(Ca,Sr,Ba)0-Al,05-Si0, compositions to the Al>Os-rich side of the
(Ca,Sr,Ba)O/Al1,0;5=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-Al1,05-SiO, system
(data used to prépéxre 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-AL,O3-
Si0; systems in that the magnesium aluminosilicate (cordierite)-mullite-cristobalite
eutectic composition has an £[RO]J/[Al,Os] ratio slightly greater than 1. Unlike the
other RO-Al,03-Si0, systems, initial melting of high-silica compositions in the ‘
magnesium-based system will thus tend to occur at eutectics with Z[ROJ[Al,O3] >
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-A1,03-S10; systems.
Therefore, the lowest liquidus temperatures will be found at comparatively low silica
concentrations in the MgO-A1,03-Si0; system compared to the other RO-A1,03-Si0;
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
aluminume-rich glasses and falls steeply as the Z[RO]/[Al,O;] 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,
and the solubility actually increases as melting proceeds, whereas Al,O;-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.

Another key component of the invention is boric oxide, B,O;. It does not
participate significantly in any of the binary or ternary aluminosilicate crystals nor in

Si0,, 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 Ca0-Al,0;-S10; system, the liquidus temperatures will decrease with
addition of B,0O;. It is found empirically in high siiica liquids that the impact of B,O3
on liquidus temperatures is about twenty (20) degrees Centigrade per mol%. As an
example, the temperature of the anorthite-cristobalite-mullite eutectic (on the Al,O3-
rich side of Figure 1) decreases from 1345°C to about 1145°C when it is diluted by 10
mol% B,0O;. The impact of dilution on liquidus temperatures is commonly referred to
as freezing point depression.

A surprising result of compbsition investigations in AMLCD-type glass
compositions is that the substitution of 1-3 mol% MgO for CaO in the CaO-Al,03-Si0;,
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-Al,0;-Si0; system. As a consequence, the addition of MgO not only forces all
initial melting to the RO-rich side of the phase diagram, but also pfoduces local minima
in liquidus temperétures below those that might be expected from either the MgO- or
CaO-based systems alone. The former follows from the discuséion above concerning
the MgO-Al,0;-S10, 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
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 of MgO for CaO, the net result of the
decreasing liquidus temperature is an increase in liquidus viscosity. High liquidus
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,
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 2[RO]/[A1203] ratio and SiO;
concentration are carefully controlled as described above.

Thus, in sum, the fbregoing considerations show that of the alkaline earth
oxides, MgO is particularly important with regard to melting and fining. In addition,
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
>[RO]/[Al,03] ratio and the SiO; 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. |

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
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.

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
Ca0O. Between SrO and BaO, BaO generally has more adverse effects on glass
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.

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, TiO;,
MnO, ZnO, Nb,;Os, MoO;, Ta;Os, WO, Y203, Lay0s;, and CeO,. The amount of each
of these oxides should be less than or equal to 2.0 mole percent, and their total
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, Fe,O3 and ZrO,. The glasses can also contain SnO, either
as a resuit of Joule melfing using tin-oxide electrodes and/or through the batching of tin
containing materials, e.g., SnO,, SnO, SnCO3, SnC,0y4, 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.
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 Na,O, K,O, and Li,O concentrations. Preferably, the total alkali
concentration is less than or equal to 0.07 ﬁmle percent.

As discussed above, in accordance with the invention, it has been found that
having an Z[RO]/[Al,Os] 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:

@) an As,;Oj; concentration of at most 0.05 mole percent;

(i) an Sb,0O3 concentration of at most 0.05 mole percent;

(i)  a SnO; concentration of at least 0.01 mole percent.
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As is well-known, As,Oj; is the most effective high temperature fining agent for
AMLCD glasses, and in some embodiments of the present invention, As,Oj is used for
fining because of its superior fining properties. However, As;0j is poisonous and thus
requires special handling during the glass manufacturing process. Accordingly, in
certain preferred embodiments, fining is perfo‘rmed without the_ use of substantial
amounts of As;0s3, i.€., the finished glass has at most 0.05 mole percent As,O3;. Most
preferably, no As,0Os3 is purposely used in the fining of the glass. In such cases, the
finished glass will typically have at most 0.005 mole percent As,Oj; as a result of
contaminants present in the batch materials and/or the equipment used to melt the batch
materials. | A

Although not as toxic as As; 03, Sb,Os is also poisonous and requires special
handling. In addition, Sb,O; raises the density, raises the CTE, and lowers the strain
point in comparison to glasses which use As;O3 or SnO» as a fining agent.
Accordingly; in certain preferred embodiménts, fining is performed without the use of
substantial amounts of 85203, i.e., the finished glass has at most 0.05 mole percent
Sb,03. Most preferably, no Sb,O; is purposely used in the fining of the glass. In such
cases, the finished glass will typically have at most 0.005 mole percent Sb,0O3 as a
result of contaminants present in the batch materials and/or the equipment used to melt
the batch materials.

Compared to As;O3; and Sb,QO3; fining, tin fining (i.e., SnO; fining) is less
effective, but SnO; is a ubiquitous material which has no known hazardous properties.
Also, for many years, SnO, 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
presence of SnO, in AMLCD glasses has not resulted in any known adverse effects in
the use of these glasses in the manufacture of liquid crystal displays. SnO,, however,
can form crystalline defects in AMLCD glasses when used at high concentrations.
Accordingly, the concentration of SnO; in the finished glass is preferably less than or
equal to 0.15 mole percent.

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 2[ROJ/[Al,Os] ratio and MgO
concentration in the ranges discussed above makes the fining process easier to perform
and more effective. 4 -

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
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
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
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:

Density grams/centimeter”
CTE x 1077/°C (0-300°C)
Strain Point °C

Young's Modulus x 107 psi
Melting Temp. °C
Liquidus Temp. °C

Liquidus Viscosity  poises
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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
components, will_be converted into the desired oxide in the proper proportions. For
example, SrCO; and CaCOQOj; 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, m.agnesium oxide, limestone, strontium carbonate or
strontium nitrate, and tin oxide.

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 1600°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.
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.

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 materials 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
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
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
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 107'/°C
and the strain point is expressed in terms of °C. These were determined from fiber
elongation techniques (ASTM references E228-85 and C336, respectively). The
density in terms of grams/cm® 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 of 200 poises) was calculated employing a Fulcher
equation fit to high temperature viscosity data measured via rotating cylinders
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 C829-81. 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
temperature at which crystals appear in the interior of the glass. The liquidus 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. |

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 110BHF values of between 1.25 and 1.35
milligrams/cm? and HCI durabilities of between 0.5 and 0.8 milligrams/cm®. 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 1170°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,
that is, as prbviding 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
can be eliminated by a 'small increase in the £[RO]/[Al,O;] 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 Z[RO]/[Al,O;]
ratio.

Example 45 has a MgO concentration close to the upper limit of 3.0 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 Z[RO]/[A];O;] ratios of less than 1.00 and thus have
either a low liquidus viscosity (Example 46) or high melting temperatures (Examples
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 Z[RO]/[Al,O;] ratio of a glass from below 1.00 to above
1.00. This graph shows the results of an experimental study done over a 30 day period
in which the £[RO]/[Al,O;] ratio was adjusted by increasing CaO and/or MgO at the
expense of Al;O3 and/or SiO,. The triangular data points show the Z[RO}/[A1,0;]
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 Z[RO]/[Al,O;] ratio broke
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 SiO, concentration was less than 71 mole percent.

The glass of Example 23 was produéed using a downdraw process, specifically,
a full-scale fusion process, and was found to produce a population of 50 sequential
glass sheets which had an average inclusion level of less 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
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
(mol%)
Sio, 68.80 68.64 68.95 68.95 68.98 68.98
ALO; 10.55 10.60 10.49 10.49 10.45 10.45
| B2Os 9.94 9.99 9.90 9.90 9.90 9.90
MgO 2.01 2.02 1.00 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
SnO, 0.07 0.07 0.07 0.07 0.07 0.07
> [ROJ/|ALO;] 1.01 1.01 1.01 1.01 1.01 1.01
Properties
Density 2.378 2.378 2.385 2.381 - --
CTE 313 31.5 32.0 30.5 - -
Strain Point 677 670 691 688 - -
Young'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
(mol%%)
SiO, 69.41 68.91 68.44 68.59 68.75 69.25
ALO; 10.19 10.40 - 10.60 10.55 10.49 10.21
B,0; 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
Ca0O 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
SnO, 0.07 0.07 0.07 0.07 0.07 0.07
2 [ROY[ALO;] 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 31.1 314
Strain Point 664 665 680 674 689 664
Young's Modulus -- -~ 10.5 10.6 - --
Melting 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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Composition
(mol%) 13 14 15 16 17 18
SiO; 68.84 68.18 69.16 67.59 67.65 69.32
Al,O5 10.42 10.69 10.28 11.06 11.06 © 10.17
B,0; 9.94 10.04 9.88 9.84 9.74 9.86
MgO 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
SnO, 0.07 0.07 0.07 0.07 0.07 0.07
2[RO]/[ALO;] 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 323 32.5 31.1 31.5 31.6 304
Strain Point 664 663 665 665 665 666
Young'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
(mol%)
SiOo, 69.06 68.64 68.01 68.46 69.28 69.08
ALO; 10.23 10.46 10.66 10.49 10.18 10.23
B,0; 9.97 9.90 10.11 9.99 9.79 9.88
MgO 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
SnO, 0.07 0.07 0.07 0.07 0.07 0.07
2IROJ/[ALOS] 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 31.5 323 31.5 31.1 31.2
Strain Point 665 664 667 666 666 665
Young's Modulus -- - - -- - -
Melting 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
(mol%)
SiO,- 68.88 69.11 68.52 67.80 68.29 68.45
ALO; 10.37 10.17 10.43 10.83 10.55 10.49
B,0; 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
Ca0O 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
SnO, 0.07 0.07 0.07 0.07 0.07 0.07
Y ROJ/[ALO;] 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
(mol%)
Si0, 69.75 67.45 68.09 68.25 68.51 68.11
ALO; 10.70 10.88 10.55 10.49 10.30 10.44
B,0; 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
SnO, 0.07 0.07 0.07 0.07 0.07 0.07
- > [ROJY/[ALO;] 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 329 32.7 314 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
(mol%)

Si0, 67.95 68.73 68.73 68.65
ALO; 10.49 10.10 10.10 10.09
B,0; 9.90 9.90 9.90 9.90
MgO 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
SnO, 0.07 0.07 0.07 0.07
2 [ROV/[ALO;) 1.10 1.11 1.11 1.12

Properties
Density 2.385 - -- 2.390
CTE 30.7 -- -- 33.3
Strain Point 671 -- -- 685
Young'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%)

SiO, 67.75 67.91 68.53

AlL,O; 10.49 10.44 10.04

B,0; 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

SnQ, 0.07 0.07 0.07

Y [ROJ/[AL O] 1.12 1.12 1.13

Properties

Density 2.390 2.393 2.373

CTE 333 33.1 32.6

Strain Point 670 668 661

Young's Modulus 10.7 10.7 O

Melting 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%)
SiO, 68.79 68.09 69.25 69.25 69.25
Al,O; 10.41 10.86 10.79 10.79 10.79
B,0; 9.92 9.80 | 9.90 9.90 9.90
MgO 1.97 2.88 2.00 1.00 (.00
CaO 7.81 7.77 7.49 8.49 9.49
SrO 1.03 0.53 0.50 0.50 0.50
SnO, 0.07 0.07 0.07 0.07 0.07
Y [ROJ/[ALO:] 1.04 1.03 0.93 0.93 0.93
Properties
Density 2.385 2.380 - 2.364 2.385
CTE 31.9 304 - 29.6 31.3
Strain Point . 666 669 - - -
Young's Modulus -- - - -- -
Melting Temp. 1622 1615 1645 1688 1671
Liquidus Temp. 1210 1200 1220 1200 1160
Liquidus Viscosity 52000 | 59000 58000 137000 | 294000
Composition 49 50 51 52
(mol%b)
SiO, 68.98 68.73 68.45 68.45
ALO; 10.45 10.10 10.19 10.09
B,0; 9.90 9.90 9.90 9.90
| MgO 0.00 0.00 0.30 0.30
Ca0O -10.10 10.70 10.59 10.69
SrO 0.50 0.50 0.50 0.50
SnO, 0.07 0.07 0.07 0.07
Y IROJ/[ALO;] 1.01 1.11 1.12 1.14
Properties
Density 2.394 2.375 2.397 2.395
CTE 334 334 35.6 34.7
Strain Point - -- 686 685
Young's Modulus - - - -
Melting Temp. 1674 1650 1637 1638
Liquidus Temp. 1160 1160 1170 1160
Liquidus Viscosity 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:
Si03: 64.0-71.0
Al Os: 9.0-12.0
B,03: 7.0-12.0
MgO: 1.0-3.0
CaO: 6.0-11.5
SrO: 0-2.0
BaO: 0-0.1
wherein:

(a) 1.00 < Z[ROV[ALO3] £1.25,
where [Al,O3] is the mole percent of Al,O3 and £[RO] equals the sum of the mole
percents of MgO, CaO, SrO, and BaO; and v

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

(1) on an oxide basis, the glass comprises at most 0.05 mole percent
Sb,03;
@i1) on an oxide basis, the glass comprises at least 0.01 mole percent
SI]()z.
2. The glass of Claim 1 wherein the glass has both compositional characteristics (1)
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 As;Os.

4. The glass of Claim 1 wherein:
(a) the glass has compositional characteristic (ii); and
®) the glass has the further compositional characteristic that on an oxide

basis, the glass comprises at most 0.05 mole percent As;Os.
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5. The glass of Claim 1 wherein:
(a) the glass has both compositional characteristics (i) and (ii); and
() the glass has the further compositional characteristic that on an oxide

basis, the glass comprises at most 0.05 mole percent As,Os.

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/cm’.

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:
 28x107/°C < CTE < 34x 107/°C.

9. An alkali-free glass comprising in mole percent on an oxide basis:
Si0;: 64.0-71.0
AlLO;: 9.0-12.0
B,0;: 7.0-12.0
MgO: 1.0-3.0
CaO: 6.0-11.5
SrO: 0-1.0
BaO: 0-0.1
wherein:

2[ROY[ALO;] 2 1.00,
where [Al,O;] is the mole percent of Al;O5; and Z[RO] equals the sum of the mole
percents of MgO, CaO, SrO, and BaO.
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10. The glass of Claim 9 wherein:
T[ROJ[ALOs] < 1.25.

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

2.41 grams/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:
28x 107/°C < CTE < 34x 107/°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 As;Os;
(b) on an oxide basis, the glass comprises at most 0.05 mole percent Sb,03;

(©) on an oxide basis, the glass comprises at least 0.01 mole percent SnO;

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 (¢).
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18. A method for producing alkali-free glass sheets by a downdraw process
comprising selecting, melting, and fining batch maternials so that the glass making up
the sheets comprises SiO,, Al,Os, B,03, MgO, and CaQ, and, on an oxide basis, has:
@) a Z[ROJ/[AL,Os] ratio greater than or equal to 1.0, where [Al,O3] is the
-mole percent of Al,O3; and Z[RO] is the sum of the mole percénts of
MgO, CaO, SrO, and BaO; and
(i1) 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 S00 cubic centimeters.
19. The method of Claim 18 wherein SnO, is used ih the fining.

20. The method of Claim 18 wherein the glass making up the sheets is substantially
free of BaO.
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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_.mole percent and
Z[RO]/[Aleﬂ ratios greater than or equal to 1.00, where [Al,05] is the mole peréent of
Al;O; and Z[RO] equals the sum of the mole percents of MgO, 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 ehvironmentally 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 (SP05-073)
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):
is attached hereto

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

(] 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:

] Country: Application No.: Filing Date:
X NONE

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:

X Provisional No.: 60/694,478 Filed: 06-28-2005 Status: Pending
U Application No.: Filed: Status:

] PCT Application No: Filed: Status:

[J NONE
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DECLARATION IN ORIGINAL APPLICATION U.S. Attorney Docket No.: ADP-231 (SP05-073)

I hereby 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 issued thereon.

Full Name of Inventor: Adam J.G. Ellison

Resident Address: 453 Beartown Road, Painted Post, New York 14870
Post Office Address: same

Citizenship: UNITED STATES

Adam J.G. Elh on— —————

owre._L e (D —

0041



' (U8 Attorney Docket No.: ADP-231 (SP05-073)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

SILICATE GLASSES

: COMBINED
Applicant(s): Adam J.G. Ellison i CERTIFICATE UNDER

: 37 C.F.R. §3.73(b)
Serial-No.: ' l - *  and
Filed: : POWER OF ATTORNEY
For: FINING OF BOROALUMINO

I

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

CERTIFICATE UNDER 37 C.F.R. § 3.73(b)

CORNING INCORPORATED, a New York corporation, certifies that it is the assignee of the entire
right, title and interest in the patent application identified above by virtue of an assignment from the inventor(s)
of the patent application identified above. A true copy of the unrecorded Assignment is attached hereto.

The undersigned has reviewed the above referenced assignment of the patent application identified above
and, to the best of the undersigned's knowledge and belief, title is in the assignee identified above.

The undersigned is empowered to sign this certificate on behalf of the assignee.

I hereby 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 are made with the
knowledge that willful false statements, and the like so made, are punishable by fine or imprisonment, or both,

under Section 1001, 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.
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(U.S) Attorney Docket No.: ADP-231 (SP05-073)

POWER OF ATTORNEY BY ASSIGNEE

CORNING INCORPORATED; the-assignee of the full and exclusive right, title and interest in and to the
accompanying application for United States Letters Patent entitled FINING OF BOROALUMINO SILICATE
GLASSES and executed by Adam J.G. Ellison on 06-22-2006, respectively, appoints the practitioners associated
with the Customer Number provided below (i.e., the practitioners associated with the Intellectual Property
Department, Corning Incorporated) to prosecute this application and to transact all business in the U.S. Patent
and Trademark Office connected therewith. Please direct all correspondence to Thomas R. Beall at the address
associated with that Customer Number.

Customer Number: 22928

CORNING INCORPORATED

Date: June 28, 2006 By %ﬂ’ %

Mohrk W. Lauroesch —
Assistant Secretary
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(U.S. Regular Application) Attorney Docket No.: ADP-231 (SP05-073)

ASSIGNMENT

FOR VALUE RECEIVED, I, as a below named inventor, hereby sell, assign and transfer unto
Corning Incorporated, a corporation-organized and existing under the laws of the State of New York,
having its principal place of business at Corning, New York, (hereinafter CORNING), as assignee,
and unto its successors, assigns and legal representatives, the entire right, title and interest, for all
countries, in and to certain inventions relating to a FINING OF BOROALUMINO SILICATE
GLASSES, such inventions being generally described in an application for Letters Patent of the
United States executed on

bare v 02 aocl,

and in any future patent applications claiming the benefit of the filing date of that application, and all
the rights and privileges under any and all Letters Patents that may be granted therefore.

- 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, take 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 (SP05-073)

Signed at Corning, NY, this

& /22 oo QU/%QW~

Date { [ Adam J.G. E{lhs n

State of New York}
: ss.
County of Steuben)

On the 39\ day o & 2006, before me personally came Adam J.G. Ellison known to be the person
ex%;

described in and who ted the foregoing instrument, and acknojedged that they executed the same.

Notary Publi¢

Betty L. Davis
Notary Public, State of New York

Qualified in Steuben County No. 01DA6146735
My Commission Expires May 22, /0O

REST AVAILABLE COPY
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ADP-231 (SP05-073)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

GLASSES

Applicant: Adam J.G. Ellison : Examiner: TBA
Serial No: s Group Art Unit: TBA
Filed: s
For: FINING OF BOROALUMINO SILICATE E

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. [

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, 1 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,
1Q_Q Alexandria, Va 22313-1450 on June 28, 2006.
Date of Deposit

Thomas R. Beall Th R. Beall
. . omas K. Bea
Registration No. 40,424 Name of applicant, assignee, or

Corning Incorporated : tative
SP-T1-03-1 F iz,\ EimQ £ )

Comning, NY 14831 Senoae
607-974-3921
Date: June 28, 2006 June 28, 2006

Date of Signature

Revision: August 30, 2002
S:ACPi Forms\IDS Cover A.doc
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FORM PTO-1449 (MODIFIED) | ATTORNEY DOCKET NO. | SERIAL NO.
LIST OF PATENTS AND ADP-231 (SP05-073)
PUBLICATIONS
FOR APPLICANTS INFORMATION | APPLICANT
-DISCLOSURE STATEMENT Adam J.G. Ellison
FILING DATE GROUP:
TBA
REFERENCE DESIGNATFION U.S. PATENT DOCUMENTS
3 " Filing Date
Examiner Document Number Date Name Class Sub- iff\pprop.
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
Al
Al
AK
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class Sub- Translation
Class Yes No
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.
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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

Serial No:

Filed:

For: FINING OF BOROALUMINO SILICATE

GLASSES

i Examiner: TBA

Group Ast Unit: TBA

i
i
i
i
i
i
i
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.

Applicant(s)

Filing Date

11/116,669

DeAngelis et al.

04/27/2005

While the claims 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,

O B p

Thomas R. Beall
Registration No. 40,424
Coming Incorporated
SP-T1-03-1

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

DaUSNEIWY

A Signam’re

June 28, 2006
Date of Signature
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" FORM PTO-1449 (MODIFIED)
LIST OF PATENTS AND

FOR APPLICANTS INFORMATION
DISCLOSURE STATEMENT

PUBLICATIONS

ATTORNEY DOCKET NO.

ADP-231 (SP05-073)

SERIAL NO.

APPLICANT
Adam J.G. Ellison

FIEING DATE

"GROUP:
TBA

U.S. PATENT DOCUMENTS

REFERENCE DESIGNATION

Examiner
Initial

Document
Number -

Date Namg

Filing
Date
if Approp.

Sub- |
Class

Class

11/116,669

G. DeAngelis et al.

04/27/05

AC

AE

AG

Al

Al

FOREIGN PATENT DOCUMENTS

Document
Number

Date Country

Translation
Yes No

Sub-
Class

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:

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: 1035-41127

Union of Socialist Soviet Republics

USSR State Comnittee
on Matters of Inventions and Discoveries

DESCRIPTION OF INVENTION
for Inventor’s Certificate 642265

Intl. Cl.%: C 03 C 3/10

UDC: 666.112.7
Registration No.: 2401625/239-33
Application Date: September 15, 1876
Disclosure Date: January 15, 1879,

Bulletin No. 2

Publication Date of Description: January 15, 1979
GLASS

Inventors: 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 lanps, the

0052



envelopes of which must_have elevated for thermal stability and
softening point.

This glass can be used in electric, radio and lighting
technoloqgy. .

There are known refractory glasses of the aluminosilicate
system for joining to tungsten and molybdenum having the

following composition, wt%:

sio, 54-65

Al,0, 15-22

Ca0O and MgO together 7-30

PbO 10 (13

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

Si0, 55-70
B,0, 0-10

Ales 13—25
RO .10-25

where RO is at least one oxide from the group MgO, Ca0O, Sr0O, BaoO
[23.

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 sio,,
B,0,, Al,0,, CaO, MgO and BaO, additionally contains at least one
oxide from the group As;0;, Sb,0,, S0, SnO;, and CeO, in the
following ratio of components, wt%:
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sio, A 55-65

B,0, 5-18
A1,0, - 10-19
cao . 1-8
Mgo 0.5-4
BaoO 7-15
at least one oxide from the group As,;0,, Sn;0,, SO, 0.1-1.5

SnO, and CeO,,

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 t at 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 thermal-loads (cylinder temperature to 600°C) and sharp
changes of temperature (when -heating is switched off and under
the effect of atmospheric precipitation).

Table 1.
B  CocTaB CITexnha,Bec. %

OxMcan 1 T 2 T 3 T3
SiO, 5.0 56,50 $5.90 64,5
8303 17,5 9,50 10,0 5,0
Aelo, 17,0 17,00 17,5 10,0
Cao 2,0 5,60 5,6 4,5

MgO 1.9 2,50 2,5 0,5

Bao 7.0 ) 8,50 8,5 15,0

Sno , 2.5 - 0.5 -

Ceo, - - 0,5 0.5

As,0, - 0,25 - -

SO - Q,6% - -

56,0, - - 0,5 -

Key: 1 Oxides
2 Composition of glass, wt%
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Key:

AN b WK

Claims

. Croaczza 1 Coczas --exna(jgi;
B
s, cTexon @ _ 1 _L2 i 3 ]_ ]
s KATP 1o’°.°c"@ 36.0 39,0 138.5 37,0

TexnepaTypa Dleg
maruenun, °C (4 680 7715 760 820

_ TepMOCTCAKGQT b, h
“.rpan®c 45 255 232 225 220

CeeTonponycC«axne,
%, Ha AnHHEe DOIOHN.

HM
260 o 0 (] 4]
280 3,0 0 ¢ 2
300 19,1 2,0 1] o \
320 - 49,4 19,2 2,0 0,3
340 72,5 53,0 53,3 33,5
360 83.5 77,0 83,0 73,1

Properties of glasses

Composition of glass

Coefficient of linear thermal expansion 10™, eoc?
Softening point, °cC

Thermal stability, °C

Light transmission, %, at wavelength, mm

A glass that contains sio,, B,0,, Al,0,, 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 from the group: As,0,, Sb,0,,

SO,, Sno,,
sio,
B,0,

CeO,, in the following ratio of components, wt%:
55-65
5-18
10-19
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CaoO . : 1-8
MgO 0.5-4
Bao 7-15
and at least oxide from the group As,0,, Sb,0,, 0.1-1.5

S0;, Sno,, CeO,,

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

2. British Patent No. 1168270, cl. C 1 M, 1969.
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PATENT
ATTORNEY DOCKET: ADP-231 (SP05-073)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

AUTHORIZATION TO

Applicant(s): Adam J.G. Ellison ACTIN A
REPRESENTATIVE
CAPACITY
Serial No.: Group Art Unit: TBA
Filed: ,
For: FINING OF BOROALUMINO Examiner: TBA
SILICATE GLASSES

COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

AUTHORIZATION TO ACT IN A REPRESENTATIVE CAPACITY
The practitioner named below is authorized to conduct interviews and has the authority

to bind the principal concerned. Furthermore, the practitioner is authorized to file
correspondence in the above-identified application pursuant to 37 CFR 1.34:

Name: Maurice M. Klee, Ph.D.

Reg. No.: 30,399

Address: 1951 Burr Street, Fairfield, CT 06430
Tel. No.: (203) 255-1400

This is not a Power of Attorney to the above-named practitioner. Accordingly, the
practitioner named above does mnot have authority to sign a request to change the
correspondence address, a request for an express abandonment, a disclaimer, a power
of attorney, or other documents requiring the signature of the application, assignee of
the entire interest or an attorney of record. If appropriate, a separate Power of Attorney
to the above-identified named practitioner should be executed and filed in the United
States Patent and Trademark Office.

June 28, 2006 %:UM

Date SISNATURE OF PRINCIPAL ATTORNEY OF RECORD
Thomas R. Beall
Registration No. 40,424
Coming Incorporated
SP-TI-03-1
Corning, NY 14831
(607) 974-3921

0060



ZA/

ADP-231 (SP05-073)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Adam J.G. Ellison, et al

¥
11/478493 | Examiner: TBA
Filed: June 28, 2006 | Group Art Unit: 1756
For: FINING OF BOROALUMINO SILICATE
GLASSES ,

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.

Each of the enclosed reference(s) was first cited in a communication from a foreign patent office in
a counterpart foreign application not more than three months prior to the filing of this information
disclosure statement. A '

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, 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,
/L \Q/Q Alexandria, VA 22313-1450 on September 28. 2006.
Date of Deposit
Thomas R. Beall
Registration No. 40,425

. ThomasR. Beall

> of applicant, assignee, or
Corning Incorporated ister cpmemmwe
SP-TI-03-1 %\
Corning, NY 14831 . S,gnam,e
607-974-3921 .
Date: September 28, 2006 Scptember 28, 2006

Date of Signature

Revision: September 1, 2002
SACPi Forms\IDS Cover D.doc
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Document Number
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Filing Date

2003/0121288

07-03-03

Jun Naka et al.

65

134.3

AC

AE

AF

AG

Al

AJ

AK

FOREIGN PATENT DOCUMENTS

Document Number

Date

Country

Class

Sub-
Class

Translation
Yes . No

AL

EP 0 607 865

07-27-94

Europe

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:
through citation if not in conformance and not considered.

applicant.

Initial if reference considered, whether or not citation is in conformance with MPEP 609: draw line

Include copy of this form with next communication to

0062

if Approp. .



EP 0 607 865 A1

BNSDOCID: <EP.

Europaisches Patentamt

0’ European Patent Office

Office européen des brevets

LT

(D Publication number: 0 607 865 A1

® | EUROPEAN PATENT APPLICATION

@) Application number: 84100407.9

@) Date of filing: 13.01.94

& Int. c15. CO3C 3/091

®) Priority: 22.01.93 US 8560
22.11.93 US 155483

Date of publication of application:
27.07.94 Bulietin 94/30

Designated Contracting States:
BE DE FR GB IT NL

@) Applicant: Corning Incorporated
Houghton Park
Corning New York 14831(US)

@ Inventor: Dumbaugh, William Henry, Jr.
Corning Incorp.,
Patent Dept.,
SP FR 02-12
Corning, NY 14831(US)
Inventor: Moffatt, Dawne Michelle
Corning Incorp.,
Patent Dept.,
SP FR 02-12
Corning, NY 14831(US)
Inventor: Lapp, Josef Chauncey
Corning Incorp.,
Patent Dept.,
SP FR 02-12
Corning, NY 14831(US)

Representative: Smith, Sydney et al
Elkington and Fife,
Beacon House,
113 Kingsway
London WC2B 6PP (GB)

@ 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
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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.

Liquid crystal displays (LCDs) are passive displays which depend upon external sources of light for
iflumination. 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
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
<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
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 MiIM or a-Si type are similar to the STN application. Corning Code 7059 sheet
glass is the preferred substrate because of its very low sodium content, i.e., less than 0.1% Na;O 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
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
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°C.

U. S. Patent No. 4,824,808 (Dumbaugh, Jr.) lists four properties which have been deemed mandatory
for a glass o 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;

Third, the expansion mismatch beiween 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
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 meiting and forming temperatures.

Corning Code 7059 glass, supra, is currently employed in the fabrication of LCDs. That glass,
consisting essentially, in weight percent, of about 50% SiOz, 15% B203, 10% Al>O3, and 24% BaO, is
nominally free of alkali metal oxides, and exhibits a linear coefficient of thermal expansion (25 °-300°C) of
about 46 X 1077/°C and a viscosity at the liquidus temperature in excess of 600,000 poises (6 x 10* Pass).
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
sheet processing technique, and linear coefficients of thermal expansion as low as about 36.5 X 1077/ 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 feared to be insufficient for their use in the overflow
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 at the liquidus greater than
1.5 X 10° poises (1.5 X 10* 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
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 1077/° C, undesirably high
for matching that of silicon (~35 X 10™7/°C).

U. S. Patent No. 5,116,788 (Dumbaugh, Jr.) discloses other glasses exhibiting high strain points, i.e.,
greater than 875°C, but having such relatively low viscosities at the liquidus temperature, viz., 20,000-
200,000 poises (2,000-20,000 Pa-s), as to be subject to devitrification when formed utilizing the overflow
downdraw sheet processing technique.

Finaily, 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 1077/°C, too high to form a high temperature match with sificon.

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 giass. Instead, the silicon chips were mounted
remotely and were connected 1o 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,
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,
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 1077/ C, most preferably 32-40 X 1077/°C.

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 0°-300°C between 32-46 X 1077/°C, strain points higher than
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/cm? 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
the oxide basis, of
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Si0; 64-70 Y203 0-3
Al O3 9.5-14 MgO 0-5
B203 5-10 Ca0 3-13
TiO2 0-5 SrO 0-5.5
Taz0s 0-5 BaO 2-7
Nb;Os 0-5 MgO +Ca0O+SrO +BaO 10-20

Because of their deleterious effect upon the electrical properties of the glasses, the alkali metal oxides will
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 SiO: exceeds 70%, the glass
becomes difficult to melt at customary glass melting temperatures.

The level of Al20s is critical to obtain a minimum liquidus temperature; that is, if the concentration of
Al>O3 falls below 9.5% or exceeds 14%, the liquidus temperature can exceed 1200°C.

B>0; tends to improve the viscosity character of the glass thereby making it easier to process. Where
the level of B>0O; is less than 5%, the liquidus temperature becomes too high. At contents above 10%
B> 03, 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. lf 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 Ca0O and, hence, will individually not exceed 7%.
Because CaO also raises the thermal expansion, but at a slowsr rate than SrO or BaO, the total thereot
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 TiOz is useful in lowering the coefficient of thermal expansion of the glass. The
presence of Ta>:Os 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. Nb>Os and Y>O3; appear
to reduce the coefficient of thermal expansion of the glass and lower the liquidus temperature thereof. ’

In the preferred glasses the level of Al>Oz will exceed that of B>0Os 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
AlbO3 10-12 Ca0 3-9
B20s 7-10 SrO 1-3
TiO2 0-3 BaO 2-5
Ta20s 0-3 MgO + CaO + SrO + BaO 11-16

wherein the ratio ALO3: B203; >1. The glasses will exhibit a linear coefficient of thermal expansion (0°-
300°C) of 32-40X10~7/°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).

Description of Preferred Embodiments

Tabile | 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
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, SrCOs and CaCOz can provide the
source of SrO and CaO, respectively.

The batch ingredients were compounded, tumble mixed together thoroughly to aid in producing a
homogeneous melt, and charged into platinum crucibles. After placing lids thereon, the crucibles were
moved into furnaces operating at temperatures of 1600 °-1650C. To assure the production of inclusion-
and cord-free giasses 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 "drigaging” in
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the glass art. In the second step the finely-divided glass particies from the drigaging were remelted at
1600 *-1650 - C for about four hours, the melts stirred in both directions (clockwise and counterclockwise),
the meits 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
730-C. N

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 glasses described herein, arsenic

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 | 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 cosfficient of thermal expansion
(Exp.) over the temperature range 0°-300°C expressed in terms of X 1077/°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 HCl was determined by measuring the weight loss (mg/cm?) 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
liguidus method (Liq.) involves placing crushed glass particles in a platinum boat, placing the boat in a
turnace 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 "meliback liquidus™ (M.Liq.) contemplates
placing a glass sample which has been precrystaliized by holding at a temperature of 1000° C for 24 hours
in a platinum boat, heating the boat in an appropriate temperature region in a gradient furnace for 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 "meiltback liquidus™ typically being higher than the
standard liquidus temperature.

Table 1A records the same glass compositions expressed in terms of mole percent on the oxide basis,
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.
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TABLE |

1 2 3 4 5 6 7
SiO2 57.0 57.3 56.8 59.3 55.0 59.2 55.8
Al,03 15.1 147 15.3 15.7 145 15.6 17.3
B20s 857 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
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
As,03 0.3 0.3 0.3 03 0.3 0.3 0.3
Sb2 03 05 05 0.5 0.5 05 0.5 0.5
Exp. 43.0 42.9 43.1 43.7 47.4 38.1 41.0
S.P. 924 922 926 961 894 972 950
AP. 705 703 704 733 725 725 722
St.P. 656 653 656 680 669 668 671
Dur. 112 1.94 1.88
M.Lig. | 1075 1080 1085 1150 1080 1070 1115

8 9 10 1 12 13 14 15
SiO; 57.1 57.1 59.1 58.5 57.2 57.8 56.4 59.4
Al,O3 147 14.8 156 15.6 16.5 15.4 16.0 17.4
B20: 6.22 7.0 8.31 8.3 9.53 8.2 7.48 10.0
MgO 0.285 0.432 1.42 1.42 0.73 1.4 1.38 1.45
CaO 9.72 9.01 413 4.13 3.18 408 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
TiO, - - - 0.69 1.38 - - -
Ta20s - - - - - 1.87 3.68 -
Exp. 45.9 44.8 37.7 37.4 35.0 38 36.5 346
S.P. 925 924 969 964 971 969 973 966
AP. 713 711 723 721 725 728 739 730
St.P. 667 660 667 664 667 670 681 676
Dur. 0.3 0.4 0.86 0.7 1.28 0.6 0.28 16
M.Lig. | 1095 1110 - - - - - -
Lig. - - 1065 1060 1090 1055 1055 1085

“Impurity in BaCOs batch material. None purposely added.
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TABLE 1A

1 2 3 4 5 6 7
SiO, 65.4 65.6 653 | 880 82.7 68.5 64.8
AlzO3 10.2 9.9 10.4 10.6 9.8 10.7 11.8
B2O3 8.55 85 85 48 8.1 8.9 "~ 8.61
MgO 12 | .12 1.2 12 | 11 1.2 1.22
CaO | 94 9.4 9.4 9.8 13.2 5.1 8.1
SrO 1.2 1.2 1.2 1.2 | 11} 12 1.22
BaO 4.1 4.1 4.1 42 3.9 43 415

8 9 10 11 12 13 14 | 15
SiO; 65.8 65.7 68.1 67.5 66.5 67.7 67.3 66.7
Al, O3 10.0 10.0 10.6 106 11.3 10.6 11.2 11.5
B20s 6.19 6.95 8.26 8.26 8.96 8.29 7.71 9.70.
MgO 0.49 0.74 125 | - 125 1.26 1.25 126 | 242
Ca0 12.0 11.1 51 5.1 516 | 5.11 5.13 7.27
SrO 0.49 0.74 1.25 1.25 1.26 1.25 1.26 -
BaO 5.02 47 427 4.27 432 4.28 4.29 2.42
TiO, - - -} - 0.59 1.2 -- - -
Taz0s - -- - -- -- 0.3 0.6 -

Example 5 illustrates how a gilass with high Ca0O and low SiO; can result in high thermal expansion
coefficients. . -

Table li records a second group of glass compositions which were characterized more in depth, again
expressed in terms of paris 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 |, the actual
batch ingredients may comprise 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 Il also lists the measurements of chemical and physical properties conducted on the several
glasses along with two additional dsterminations not performed on the glasses of Table I. First, the melting
temperature [Melt, in ° C] (defined as the temperature at which the glass meit 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 (Visc), 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 (Lig.). Finally, in like manner to
the glass compositions of Table |, fining of the glass was accomplished by including arsenic and/or
antimony in the glass batch. o

Table 1A reporis 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. 18 is a laboratory remelt of Example No. 6.
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18

59.9
15.8
9.01
0.74
2.99
1.89
9.57
36.2
992
730
669
0.52
1085
1670
22

26

58.1
16.5
7.11
2.8
4.13
1.87
9.45
39.1
953
722
670
0.62
1075
1585
8.0

TJABLE 11
19 20
58.8 59.6
15.5 15.8
8.84 8.96
5.45 4.18
1.86 1.88
9.39 9.52
39.5 37.2
972 989
722 732
666 672
0.63 0.52
1105 1070
1644 1670
6.7 32
27 28
57.3 57.5
16.5 12.5
8.35 7.5
2.12 --
4.15 2.5
1.88 --
9.5 20.0
38.6 43.9
957 917
726 702
676 653
0.88 0.39
1055 1080
1595 1758
17 14.8
8

0070

21

58.3
16.5
8.94
0.73
4.15
1.87
9.49
38.1
980
731
673
0.72
1035
1632
58

22

58.2

16.5

8.32
1.42
4.14
1.87
9.47
37.1
972
730
673
1.1
1020
1619
79

30

54.5
16.3
7.22
3.13
8.23

10.6
44.5
908
703
657
2.69
1086
1475
1.0

23

57.8

17.0

8.94
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4.15
1.87
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979
735
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JABLE I {(Cont.)
32 33 34 35 36

57.5 57.2 58.2 57.1 55.69

18.2 18.6 18.4 17.6 19.6
7.41 7.08 8.14 7.65 7.75
1.42 ~ 1.76 1.44 1.4]1 1.43
4.13 4.11 4.18 4.1 4.14
1.87 1.86 - -- 1.88
9.45 9.41 9.57 12.1 9.49
36.9 37.2 34.9 38.1 37.6
987 983 - 988 981 982
740 740 738 734 741
682 682 678 674 - 684

0.7 0.78 0.83 0.77 1.84

1080 1100 1090 1035 1145
1600 1582 1607 1567 1581

14 8 12 >40 2.2
‘ TABLE II (Cont.
39 40 41 42 43

5.3 56.8 57.2 55.8  56.4

18.3 18.4 18.6 17.7 17.9
6.33 6.43 6.48 6.32 6.98
1.39 1.4 1.41 1.38  1.39
4.04 4.07 5.06 4.0 4.05
1.83 3.6 1.86 1.8l --
11.83 9.33 9.4 13.0  13.4

985 986 982 978 985
746 737 742 740 744
690 681 688 687 690

0071

37

57.3
19.0

6.79
1.42
4.11
1.86
9.43

36.6
990
749
693
0.66
1155
1589
2.4

38

57.3
17.9

7.38
1.41
4.11
1.86

10.1

37.8
983
743
690
0.64
1090

1593
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47

55.9
16.8
7.64
2.09
4.09
1.85
9.37

2.26

38.3
949
724
671

0.86

1065

16

68.5
10.7
8.9
1.2
5.1
1.2
4.3

48

55.4

16.6

7.56
2.07
4.05
1.83
9.27
2.79
0.48
38.3
9R1
733
680
0.64
1055

17

66.4
10.3

8.6
1.2
8.1
1.2
4.1

EP 0 607 865 At

JABLE II {Concl.)

49

55.6

16.6

7.6
2.08
4.06
1.84
9.31
1.87
0.96
38.5
959
731
679
0.74
1065

18

69.5
10.8

9.0
1.3
3.7
1.3
4.4

50

55.9
16.7
7.63
-2.09
4.08
1.85
g.35
0.94
1.44
39.2
958
733
681
0.99
1090

AB

19

68.2
10.6

8.8
6.8
1.2
4.3

10

0072

51

56.0
16.8
7.65
2.1
4.1
1.85
9.38

20

69.4
10.8
9.0

5.2
1.3
4.4

21

67.7
11.3
9.0
1.3
5.2
1.3
4.3

22

67.3
11.2
8.3
2.5
5.1
1.3
4.5

23

67.3
11.6
8.99
1.27
5.18
1.27
4.33
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28

69.0

9.52
9.52
2.38
4.76
2.38
2.38

- 32

66.9

12.5
7.44
2.46
5.15
1.26
4.31

38

66.8
12.3
7.42
2.45
5.14
1.26
4.6

25

66.7
11.5
9.7
2.42
4.85
2.42
2.42

33

66.5
12.7
7.09
3.04
5.11
1.25
4.28

39

66.5
12.7
6.5
2.44
5.11
1.25
5.47

EP 0 607 865 Al

[ABLE 1IA (Cont.)

26 27 28
66.5 66.1  70.2
11.1 11.2 9.0
7.03 831 7.9
4.79 3.65 --
507 5.13  3.27
1.2 1.26  --
4.24 4.29  9.57
34 35 36
67.4 66.9  65.3
12.6 12.2  13.5
8.12 7.74 7.83
2.47 2.46  2.49
5.18 5.15  5.21
-- -- 1.27
4.33 5.5 4.36
TABLE 11A (Cont.)
40 41 42
66.5 66.5 66.3
12.7 12.7 12.4
6.5 6.5 6.48
2.44  2.44  2.44
5.11 6.31 5.1
2.44 1.25 1.25
4.28 4.28 6.05

00

11

73

29

63.6
10.8
7.0
7.58
2.91
4.66
3.49

37

66.9
13.1
6.84
2.46
5.15
1.26
4.31

43

66.7
12.4
7.11
2.44
5.13

6.14

30

62.0
11.0
7.0
5.3
10.0

4.7

31

57.9
9.1
7.0

14.0
6.0
6.0
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TABLE 1 Concl.

44 45 46 47 48 29 50 51

Si0, 65.7 65.7 65.7 65.7 65.7 65.7 65.7 65.7
A10, 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6

B.O, 7.74  7.74 7.74 7.74 7.74 71.74 71.74 7.74
Mg0 3.66 _3.66 3.66 3.66 3.66 3.66 3.66  3.66
Ca0 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
Ba0 4.31 4.31 4.31 4.31 4.31 431 4.31 4.3]
Ta,0, 0.45 0.3 0.15 -- 0.45 0.3 0.15 --
NbO, 0.15 0.3 0.45 0.6 -- -- -- 0.3

Y,0, -- -- -- -- 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 SiO: and BaO concentrations are too high in Example 28; the level ot SiO2 is low and
that of MgO too high in Example 29; the content of SiO: is low in Example 30; and the amount of SiO: is
low and that of CaO toc high in Example 31.

Examples 18, 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.

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 1077/°C, and a weight loss of iess than 2 mg/cm? after
immersion for 24 hours in an aqueous 5% by weight HCI solution, said glass being essentially free
from alkali metal oxides and consisting essentially, expressed in terms of mole percent on the oxide

basis, of
SiO2 64-70 Y203 0-5
Al20O3 9.5-14 MgO 0-5
B20s 5-10 CaO 3-13
TiO: 0-5 SrO 0-55
Taz0s 0-5 BaO 2-7
Nb2Os 0-5 MgO + Ca0O + SrO + BaO 10-20 .

2. A glass according to claim 1 wherein the liquidus 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
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.

5. A glass according to claim 1 wherein said glass exhibits a linear coefficient of thermal expansion
between 32-40 x 107/ C.

6. A glass according to claim 1 wherein said glass consists essentially of

12
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SiO2 65-69 Y>03 0-3
AloO3 10-12 MgO 1-5
B203 7-10 CaOo 3-9
TiOz 0-3 SrO 1-3
Taz0s 0-3 BaO 2-5
Nb2Os 0-3 MgO + Ca0 +SrO+Bal 11-16

wherein the ratic Al203:B;03>1.
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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APPLICATION NUMBER FILING OR 371(c) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE

11/478,493 06/28/2006 Adam J.G. Ellison ADP-231 (SP05-073)

CONFIRMATION NO. 5778

22928

CORNING INCORPORATED
SP-TI-3-1

CORNING, NY 14831

Title: Fining of boroalumino silicate glasses

Publication No. US-2006-0293162-A1
Publication Date: 12/28/2006

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication
pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date
are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases
via the Internet at www.uspto.gov. The direct link to access the publication is currently
http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the
publication to applicant. A copy of the publication may be obtained from the Office upon payment
of the appropriate fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application
publications are handled by the USPTO's Office of Public Records. The Office of Public Records
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759,
by mail addressed to the United States Patent and Trademark Office, Office of Public Records,
Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions
and the dates of receipt of correspondence filed in the Office, may also be accessed via the
Internet through the Patent Electronic Business Center at www.uspto.gov using the public side of
the Patent Application Information and Retrieval (PAIR) system. The direct link to access this
status information is currently http://pair.uspto.gov/. Prior to publication, such status information is
confidential and may only be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling
the Patent Electronic Business Center at 703-305-3028.

Pre-Grant Publication Division, 703-605-4283
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Applicant: Adam J.G. Ellison

Serial No: 11/478,493

Filed: June 28, 2006

For: FINING OF BOROALUMINO

SILICATE GLASSES

Commissioner of Patents
Alexandria, VA 22313-1450

Sir:

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

| Group Art Unit: 1756

Examiner: TBA

Docket No. SP05-073

STATUS INQUIRY

Applicants hereby request the status of the above referenced pending application and

a projected date for the next action.

October 16, 2007

Date

CERTIFICATE OF MAILING (37 CFR 1.8a)

1 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

QOctober 16, 2007

Date
AAB{Jﬁ October 16, 2007

Thomas R. BeSIl Date

Revision: September 1, 2002
E:\MDC Forms\MaintenanceFeeAddress ChangeNotice 5-1-03.dot

Respectfuily submitted,

COWINCORPORATED

Thomas R. Beall
Registration No. 40,424
Corning Incorporated
Patent Department
Mail Stop SP-T1-03-1
Corning, NY 14831
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Address: COMMISSIONER FOR PATENTS
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WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NoO. |
11/478,493 06/28/2006 Adam J.G. Ellison ADP-231 (SP05-073) 5778
22928 7590 01/23/2008 | |
EXAMINER
CORNING INCORPORATED
SP-TI-3-1 HOBAN, MATTHEW E

CORNING, NY 14831

| ART UNIT | PAPER NUMBER |
4116
| MAIL DATE | DELIVERY MODE |
01/23/2008 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

11/478,493 ELLISON, ADAM J.G.
Office Action Summary Examiner ArtUnit
Matthew E. Hoban 4116

-- The MAILING DATE 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 1 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)X] Responsive to communication(s) filed on 28 June 2006.
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)[] 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)X] Claim(s) 1-20 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5] Claim(s) ____is/are allowed.
6)] Claim(s) ____is/are rejected.
7)[] Claim(s) is/are objected to.

8)X] Claim(s) 1-20 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] 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)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
3.[] 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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) |:| Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ___

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date ______. 6) |:| Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20080110
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Application/Control Number: 11/478,493 Page 2
Art Unit: 4116

DETAILED ACTION

Election/Restrictions
1. Restriction to one of the following inventions is required under 35 U.S.C. 121:
l. Claims 1-17, drawn to a composition of alkali-free glass, classified in class
501, subclass 70.
Il. 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 | and Il 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 | 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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Application/Control Number: 11/478,493 Page 3
Art Unit: 4116

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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Application/Control Number: 11/478,493 Page 4
Art Unit: 4116

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

/Vickie Kim/
Supervisory Patent Examiner, Art Unit 4116
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ATTORNEY DOCKET NO.: ADP-231 (SP05-073)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor: Adam J. Ellison

Serial No: 11/478493 i Art Group Unit: 4116

Filing Date:  June 28, 2006 ' Examiner: Matthew E. Hoban

Title: FINING OF BOROALUMINO RESPONSE

SILICATE GLASSES

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450 _
Alexandria, VA 22313-1450

RESPONSE TO EXAMINER’S RESTRICTION REQUIREMENT

In the Office Action dated January 23, 2008, designated as Paper No. 20080110
in the above-captioned application, the Examiner issued a Restriction Requirement
identifying the following grm;ps 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: December 1, 2007
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1. (Original) An alkali-free glass comprising in mole percent on an oxide basis:

Si0,: 64.0-71.0
AlLOs: 9.0-12.0
B,0s: 7.0-12.0
MgO: 1.0-3.0
CaO: 6.0-11.5
SrO: 0-2.0
BaO: 0-0.1
wherein:

(a) 1.00 < Z[ROV/[ALLO3] < 1.25,
where [Al,Os] is the mole percent of Al,Os and Z[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
Sbo0s;

(i1) on an oxide basis, the glass comprises at least 0.01 mole percent
Sn0Os.

2. (Original) The glass of Claim 1 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 As;Os. -

4. (Original) 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 As;Os.

2

Revised: December 1, 2007
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Office Action dated: January 23, 2008

5. (Original) The glass of Claim 1 wherein:

(@)
(b)

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

the glass has the further compositional characteristic that on an oxide

basis, the glass comprises at most 0.05 mole percent As;Os.

6. (Original) The glass of Claim 1 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/cm’.

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

properties:
(@)
(b)
©

a liquidus viscosity that is greater than or equal to 100,000 poise;
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 107/°C < CTE < 34x 107/°C.

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

SiO,:
ALOas:
B,Os:
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
0-1.0
0-0.1

T[ROJ/[ALOs] = 1.00,

Revised: December 1,

2007
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where [ALOs] is the mole percent of Al,O3 and £[RO] equals the sum of the mole
percents of MgO, CaO, SrO, and BaO.

10. (Original) The glass of Claim 9 wherein:
Z[ROV[ALO3] < 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/cm’.

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;
© a linear coefficient of thermal expansion (CTE) over the temperature
range 0-300 °C which satisfies the relationship:
28x 107/°C < CTE < 34x 107/°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 As,O3;
(b) on an oxide basis, the glass comprises at most 0.05 mole percent Sb2Os;

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

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 (¢).

Revised: December 1, 2007
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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 ().

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 SiO», A,Os, B20O3, MgO, and CaO, and, on an oxide
basis, has:
(i) a Z[ROJ/[AL,Os] ratio greater than or equal to 1.0, where [A1,05] is the
mole percent of Al;O; and Z[RQOY] is the sum of the mole percents of
MgO, Ca0, SrO, and BaO; and
(i) 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 SnO, is used in the fining.

20. (Withdrawn) The method of Claim 18 wherein the glass making up the sheets is
substantially free of BaO.

Revised: December 1, 2007
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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

Thomas R. Bedll

CERTIFICATE OF MATLING UNDER37C.F.R. §18: I Registration No. 40,424

hereby certify that this paper and any papers referred to herein are :
being deposited with the U.S. Postal Service, as first class mail, Corning Incorporated
postage prepaid, addressed to Mail Stop Amendmernt, Commissioner Patent Department

for Patents, Al 2313-1450 on January 30, 2008. Mail Stop SP-TI-03-1
W;A Corning, NY 14831

I‘b/mas R. Beall

Revised: December 1, 2007
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Application No. Applicant(s)

11/478,493 ELLISON, ADAM J.G.
Office Action Summary Examiner ArtUnit

Matthew E. Hoban 1793

-- The MAILING DATE 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 3 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)X] Responsive to communication(s) filed on 04 February 2008.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] 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)X] Claim(s) 1-17 is/are pending in the application.
4a) Of the above claim(s) 18-20 is/are withdrawn from consideration.

5] Claim(s) ____is/are allowed.

6)X] Claim(s) 1-17 is/are rejected.

7)[] Claim(s) _____is/are objected to.

8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] 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)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] 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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 6/28/2006, 6/28/2006 and 10/10/2006. 8) |:| Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20080320
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Application/Control Number: 11/478,493 Page 2
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:
(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 of Narita in 6,468,933.

0098



Application/Control Number: 11/478,493 Page 3
Art Unit: 1793

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:
S102: 64.0-71.0
A1203:9.0-12.0
B203: 7.0-12.0
MgO: 1.0-3.0
Ca0: 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.

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

¢) <.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:

0099



Application/Control Number: 11/478,493 Page 4

Art Unit: 1793

(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 10-7/°C < CTE < 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
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.
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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 0 mol% 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 of Dumbaugh’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 mol%. 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 of Dumbaugh’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 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 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
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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 g/cc

Dumbaugh, as well as the combination of references Dumbaugh in view of Narita, fail to
disclose the density found in instant claims 7 and 11. However, the composition of Dumbaugh
in view of Narita has overlapping ranges of components with the claimed glass; therefore, one of
ordinary skill in the art would expect that the glass of Dumbaugh in view of Narita 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 g/cc

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

0104



Application/Control Number: 11/478,493 Page 9
Art Unit: 1793

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 32¢-7 and 46¢-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 of Dumbaugh in view of Narita.

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.

/Jerry A Lorengo/
Supervisory Patent Examiner, Art Unit 1793
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ADP-231 (SP05-073)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Adam J.G. Ellison : Examiner: TBA
Serial No: E Group Art Unit: TBA
Filed: E

For: FINING OF BOROALUMINO SILICATE E

GLASSES

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.

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, 1 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,
@Q Alexandria, Va 22313-1450 on June 28, 2006.

Date of Deposit
Thomas R. Beall ™ R Beall
. . jomas R. Bea
Registration No. 40,424 Name of applicant, assignee, or

Corning Incorporated er entative
SP-TI-03-1 %\ Ej 10, D

Corning, NY 14831 Semus

607-974-3921

Date: June 28, 2006 DJune 28. 2006
ate of Signature

Revision: August 30, 2002
SACPi Forms\IDS Cover A.doc
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i " Filing Date
Examiner Document Number Date Name Class Sub- if [g\ppmp_
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MH/ | 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
y AE | 5,824,127 10-20-98 James C. Bange etal. | 65 90
v AF |6,128924 10-10-00 James C. Bange et al. | 65 90
MRS T AG |[6,319,867 11-20-01 Lisa C. Chaconetal. | 501 66
AH
Al
Al
AK
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class Sub- Translation
: Class Yes No
MH/, | 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: /Matthew Hoban/ DATE CONSIDERED: U3/2072008

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Adam J.G. Ellison, et al

11/478493 | Examiner: TBA
Filed: June 28, 2006 | Group Art Unit: 1756
For: FINING OF BOROALUMINO SILICATE

GLASSES .

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. Dne

Each of the enclosed reference(s) was first cited in a communication from a foreign patent office in
a counterpart foreign application not more than three months prior to the filing of this information
disclosure statement. 7 v

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

the claims of the present application.

Respectfully submitted, 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,
,/L @Q Alexandria, VA 22313-1450 on September 28, 2006.
Date of Deposit

Thomas R. Beall
Registration No. 40,425

Thomas R. Beall

> s of applicant, assignee, or
Corning Incorporated 1ster epmemanve
SP-TI-03-1
Corning, NY 14831 . S,gnam,e
607-974-3921 _
Date: September 28, 2006 gg“'emher. 28,2006

ate of Signature

Revision: September 1, 2002
S:\CPi Forms\IDS Cover D.doc
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DISCLOSURE STATEMENT Adam J.G. Ellison, et al.
FILING DATE GROUP:
June 28, 2006 1756
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. Filing Date
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applicant.
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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: E Group Art Unit: TBA
Filed: E

For: FINING OF BOROALUMINO SILICATE E

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 1in 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. Applicant(s) Filing Date
11/116,669 DeAngelis et al. 04/27/2005

While the claims 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, 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
LQ,p on June 28, 2006
Date of Deposit

Thomas R. Beall

Thomas R. Beall

Registration No. 40,424 Name of applicant, assignee, or
Corning Incorporated . istered Representative
TS
Corm'ng, NY 14831 A Signat\i’re
607-974-3921
June 28, 2006
Date of Signature

Date: June 28. 2006
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FOR APPLICANTS INFORMATION
DISCLOSURE STATEMENT

ATTORNEY DOCKET NO.

ADP-231 (SP05-073)

SERIAL NO.

APPLICANT
Adam J.G. Ellison

FIEING DATE

"GROUP:
TBA

U.S. PATENT DOCUMENTS

REFERENCE DESIGNATION

Examiner
Initial

Document
Number -

Date Namg

Sub-
Class

Class

Filing
Date
if Approp.

MLHY

11/116,669

G. DeAngelis et al.

04/27/05

FOREIGN PATENT DOCUMENTS

Document
Number

Date Country

Sub-
Class

Class

Translation
Yes No

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:

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
&
N e
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant : Adam J. G. Ellison
Appl. No. : 11/478,493
Filed : June 28, 2006
For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban
Group : 1793
AMENDMENT

This Amendment is submitted in response to the Office Action dated April 1,
2008. Its contents are:

@) 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.

Submitted 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:

Si10;: 64.0-71.0
AlOs: 9.0-12.0
B,0;: 7.0-12.0
MgO: 1.0-3.0
CaO: 6.0-11.5
SrO: 0-2.0
BaO: 0-0.1
wherein:

(@) 1.00 < Z[ROJ/[AL,O3] £ 1.25,
where [Al,O;] is the mole percent of Al,O3 and £[RO] equals the sum of the mole
percents of MgO, CaO, SrO, and BaO; and

(b) the glass has atleast-one-of the foHewing compositional characteristic
that eharacteristies: '

86,035
@H  onan oxide basis, the glass comprises at least 0.01 mole percent

SnOz.
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Claim 2 (currently amended) The glass of Claim 1 wherein the glass has beth the

additional compositional characteristic that on an oxide basis, the glass comprises at

most 0.05 mole percent SbyOs. characteristies-()-and-Gi)-

Claim 3 (canceled)

Claim 4 (currently amended) The glass of Claim 1 wherein [[:]]
E he olass ] ional of istic-Gi): and

&) the glass has the further compositional characteristic that on an oxide

basis, the glass comprises at most 0.05 mole percent As;O;.

Claim 5 (currently amended) The glass of Claim 2 [[1]] wherein [[:]]

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

basis, the glass comprises at most 0.05 mole percent As;Os.

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/cm’.

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)  astrain 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 107/°C < CTE < 34x107/°C.
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Claim 9 (original) An alkali-free glass comprising in mole percent on an oxide basis:

Si0Oy: 64.0-71.0
AL Os: 9.0-12.0
B,0;: 7.0-12.0
MgO: 1.0-3.0
CaO: 6.0-11.5
SrO: 0-1.0
BaO: 0-0.1
wherein:

Z[RO]/[A];05] = 1.00,
where [Al,O3] is the mole percent of Al,O3 and Z[RO] equals the sum of the mole
percents of MgQO, CaO, SrO, and BaO.

Claim 10 (original) The glass of Claim 9 wherein:
Z[RO]/[AL;05] £ 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/cm’.

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)  astrain 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:
28x 107/°C < CTE < 34x 107/°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 As;Os;
(b)  onan oxide basis, the glass comprises at most 0.05 mole percent Sb,Os;

(c)  onan oxide basis, the glass comprises at least 0.01 mole percent SnO,

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 SiO,, Al,03, B203, MgO, and CaO, and, on an oxide
basis, has:
@) a Z[ROJ/[Al,O3] ratio greater than or equal to 1.0, where [Al,O;] is the
mole percent of Al;0; and Z[RO] is the sum of the mole percents of
MgO, Ca0, 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 SnO; 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 of Narita 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." (Id.)

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 B,O3 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 SnO; 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 of Nishizawa 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.

Respectfully submitted,

Date: 7///0:? : %z&’/féé& %__

¥aurice M. Klee, Ph.D.
Reg. No. 30,399
Attorney for Applicant
1951 Burr Street
Fairfield, CT 06824
(203) 255-1400
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Under the paperwork Reduction Act AR are required to respond to a collection of information unless if displays a valid OMB control number.
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)
FY 2008 ’
(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).) ADP-231 US
Application Number 11/478,493 Eiled 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):

Eee Small Entty Fee
[X] Onemonth (37 CFR 1.17(a)(1)) $120 $60 $ 120.00
[[] Two months (37 CFR 1.17(a)(2) $460 $230 3
D Three months (37 CFR 1.17(a)(3)) $1050 $525 $
[[] Four months (37 CFR 1.17(a)(4)) $1640 $820 $
[] Five months (37 CFR 1.17(a)(5)) $2230 $1115 $

D Applicant claims small entity status. See 37 CFR 1.27.

A check in the amount of the fee is enclosed.

[] Payment by credit card. Form PTO-2038 is attached.

D The Director has already been authorized to charge fees in this application to a Deposit Account.

@ The Director is hereby authorized to char1ge any fees which may be required, or credit any overpayment, to
Deposit Account Number 11-1158 . | have enclosed a duplicate copy of this sheet.

WARNING: Information onthls form may become public. Credit card Information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

l amthe D applicant/inventor.

D assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTCO/SB/96).

attorney or agent of record. Registration Number 30,399

D attorney or agent under 37 CFR 1.34.
Registration number if acting under 37 CFR 1.34

W& 222{ . August 1, 2008

Signature Date
Maurice M. Kiee, Ph.D. 83/85/2008 §JRCIEL 5 GABRRA46 11478493
Typed or printed name oL FLelevTrelephone Number 126. 64 0P

NOTE: Sig\aiures 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
signature is required, see below.

D Total of __ forms are submitted.

This collection of information is required by 37 CFR 1.136(a). 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 govemed by 35 U.8.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. 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. Bax 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissloner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)
FY 2008
(Fees pursuant to the Consolidated Appropriations 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):

Fee Small Entity Fee
[X] Onemonth (37 CFR 1.17(a)(1)) $120 $60 $ 120.00
E] Two months (37 CFR 1.17(a)(2)) $460 $230 $
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|:| Applicant claims small entity status. See 37 CFR 1.27.

[X] Acheckin the amount of the fee is enclosed.

[] Payment by credit card. Form PTO-2038 is attached.

[___] The Director has already been-authorized to charge fees in this application to a Deposit Account.

lz] The Director is hereby authorized to char1ge any fees which'may be required, or credit any overpayment, to
Deposit.Account Number 1158 . | have enclosed a duplicate copy of this sheet.

WARNING: Information on'this form may become public. Credit card information should not bé included on'this form.
Provide credit card information and authorization on PT0O-2038.

l-amthe D applicant/inventor.

D assignee of record of the entire interest. See 37 CFR3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

|X| attorney or agent of record. Registration Number 30,399

D attorney or agent under 37 CFR 1.34.
Registration number if acting under-37 CFR 1.34

W Z é o August 1, 2008

Signature Date
Maurice M. Klee, Ph.D. (203) 255-1400
Typed or printed name Telephone Number

NOTE: Signatures 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
signature is required, see below.
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“This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public which isto flle (and by.the

USPTO to process) an application. Confidentiality is govemed 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. 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 reducmg this burden, should be sent to the Chief Infomation Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Bax 1450, Alexandria, VA 2231 3.1450. DO NOT SEND FEES OR COMPLETED

FORMS TO THIS ADDRESS. SEND TO: Comimlissloner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.
It you need assistance in completing the form, call 1-800-PT0O-9199 and select option-2.
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[298] Attorney Docket No. : ADP-231 US PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. G. Ellison

Serial No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 1793

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

In accordance with 37 CFR §1.56 and 37 CFR §1.97(c), applicant wishes to call
the Examiner's attention to the references listed on the supplemental listing under 37
CFR §1.98(a)(1) 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 §1.98(a)(2)(i1)).

Pursuant to 37 CFR §1.97(c) and 37 CFR §1.17(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%
Si0, 68.2
AlLO; 10.3
B,03 9.8
MgO 3.2
CaO 7.0
SrO 1.1
BaO 0.01
ASzO3 0.29

0129



The Examiner is respectfully requested to initial a copy of the supplemental

listing under 37 CFR §1.98(a)(1) and return it to applicant to indicate consideration of

the references listed thereon in connection with the prosecution of this application.

Date: g///&c?

Respectfully submitted,

Do ccce Pleo

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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[298] Attorney Docket No. : ADP-231 Ni§

PATENT

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

SUPPLEMENTAL INFORMATION DISCLOSURE
STATEMENT BY APPLICLANT
(Listing Under 37 CFR §1.98(a)(1))

U.S. PATENT DOCUMENTS

Document |
Number Date Name
1. 4,180,618 12/1979 Alpha et al.
2. 6,881,692 04/2005 Murata et al.
3. 2006/0003884 01/2006 Nishizawa et al.

FOREIGN PATENT DOCUMENTS

Document
Number Date Country
4, 2001-348247 1272001 JP

with attached English abstract and computer translation
obtained from the Japanese Patent Office website

5. 2004-189535 07/2004 JP
with attached English abstract and 3
with attached English translation gy/ps/2088 ETECLEL 09088946 1147843

82 FC:1886 160,88 0P
6.  2004/087597" 1072004 WO

with English abstract

*Corresponds to US 2006/0003884 (Reference 3 above).
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SPE PATENT ABSTRACTS OF JAPAN

%

?
pUG 0 4 2008 (11)Publication number : 2001-348247
%% p (43)Date of publication of application : 18.12.2001

(51)Int.Cl.

C03C 3/095

(21)Application number : 2000-163351 (71)Applicant : ASAHI GLASS CO LTD

(22)Date of filing : 31.05.2000 (72)Inventor : KOIKE AKIO
NISHIZAWA MANABU
KASE JUNICHIRO
NAKAO YASUMASA

(54) ALKALINE-FREE GLASS
(57)Abstract:

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 mol%, 60 to 75 SiO2, 1 to 16 Al203, 1 to

20 B203, 0to 10 MgO, 0 to 12 CaO, 0 to 10 SrO, 0 to 1.5 BaO and 0.05 to 5§ Y203 and does
not substantially contain alkali metal oxides.

http://www19.ipdl.inpit. go.jp/PAl/result/detail/main{)%éAALcaiNsDA4l 3348247P1.htm 8/1/2008



JP,2001-348247,A [CLAIMS) Page 1 of 1
* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

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.In 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 SiOz, 1to
16% of aluminum203, 1 to 20% of 8203, 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, 0 to 1.5% of BaO,

0.05 to 5% of Y203, ** 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 T
[Claim 3]The alkali free glass according to claim 1 or 2 which contains substantially neither
P205 nor PbO nor AszO3 nor Sb203.

[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-

T,<=50 .

[Translation done.]

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http://www4.ipdl.inpit.go.jp/... 8/1/2008
P



JP,2001-348247,A [DETAILED DESCRIPTION] Page 1 of 7
*NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

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.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

(0001]

[Field of the Invention]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
maodification 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 SiOx or SiNx, it is used for etching of the chloride used for etching of ITO (oxide of In and

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 Invention]in 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_ej(j1e3‘iatw_u=http%3A%2F%2Fwww4.ipd... 8/1/2008



JP,2001-348247,A [DETAILED DESCRIPTION] Page 2 of 7

(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.

[0005]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 - 41.4x10 T 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 SiO2, 1to 16% of aluminum203, 1 to 20% of 8203, 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, 0 to 1.5% of BaO, 0.05 to 5% of Y203, ** and others, is provided.

[0007]
[Embodiment of the Invention]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 In255 g/cm3 ** there is
a possibility that the weight saving of a display may become difficult. Below 2.50 g/c:m3 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

'7/**

invention, it is preferred that it is below 34x10 . There is a possibility that rising-and-falling-

temperature speed in the heat treatment process of a display cannot be enlarged, at 34x10 -

"Imore than **. Below 32x10 ~'/** is below 30x10 ~//** 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.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejéq:ggtw_u=http%3A%2F%2Fwww4.ipd... 8/1/2008
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especially preferably.
[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 "TL-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 0 ** 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/l., 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 Si02, 5t0 14% of aluminumzos, 5t0 12% of 8203, 0 to 6% of MgO, 0 to 10% of
CaO0, 0to 6% of SrO, and 0 to 1.5% of BaO, It is preferred to contain substantially neither the

alkali metal oxide, 0.05 to 3% of Y203' ** and others, PbO nor P205 nor A3203 nor Sb203.

[0017]Next, about the presentation of the glass of this invention, % [ mol % ] is only written and
it is explained. SiO2 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]a|uminum203 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_ejfj%‘%atw_u=http%3A%2F%2Fwww4.ipd... 8/1/2008
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than 3% more preferably.
[001918203 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 CaO0, 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]Y203 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://wwwd4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejjeatw_u=http%3A%2F%2Fwww4.ipd... 8/1/2008
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above, it is preferred that itis 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, FeZOS, 803, F, Cl, SnOz, and A8203, Sb203, etc. may be

contained to 5% in total. A3203, Sb203, or PbO needs the management for an environmental

measure etc., and it is preferred to contain neither from this viewpoint. P205 has a possibility

of reducing the chemical durability of glass, and not containing is preferred.
[0028]In order to enlarge, E ZnO, Ti02, Zr02, VvV, 0O, Cr,0O,, MnO, CoO, NiO, CuO, Ga,O

275 7273 273
GeOz, Nb205, MoOa, CeOz, Pr,O,,Nd O,, Pm0O,, Sm O, Eu,O,, Gd O, Tb, O Dy20

273 27y 2Ty 273 7273 7273 2T
H0203, One or more sorts chosen from the group which consists of Er203, Tm203, Yb203,
Hf02, and Ta205 and WO3 may be contained. As for the sum total of such content, it is

31

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 0'7/**), E (unit: GPa), a specific
Young's modulus (MNm/kg), a strain point (unit: **), T 4 (unit; **), T (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.
[0033]TL 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 O.

[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 O. ,
[0036]It is an example, Examples 12 and 13 are glass conventionally, and Examples 1-11 are
comparative examples.

[0037]
[Table 1]

| sl e lms w4 |ms  lme w7
510, 67.0 69.0 71.0 665.0 70.0 66.0 70.0
Al O, 11.5 12.5 11.5 13.5 11.5. 13.5 12.0
B.Og 11.0 70 8.5 12.0 90 12.0 8.5
MgO 3.2 3.5 2.7 2.5 2.5 25 1.0
CaO 3.2 3.5 2.7 2.5 2.5 2.5 6.0
SrO 3.2 3.5 2.7 2.5 2.5 15 2.0
BaO 0 0 0 0 0 1.0 0
Y,0q4 1.0 1.0 1.0 1.0 2.0 1.0 0.5
7r0, 0 0 0 0 0 0 0
ZnO 0 0 4] 0 0 0 0
d 2.455 2.499 2.442 2,442 2.492 2.468 2.426
[V 29.3 31.5 27.4 929.2 20.3 30.8 29.9
E 74.7 77.6 72.2 75.1 72.3 72.1 73.4
E/Ad 30.3 31.1 29.6 30.8 29.0 29.2 30.3
ER 662 688 680 666 666 666 684
T, 1296 1348 1368 1299 1347 1297 -
T, 1280 1310 1290 1310 1350 1280 —
WMBHF# |0 0 O 0 O O 0
mae O 0 0 o 0 O 0
[0038]
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[Table 2]

%8 # 9 #10 #l11 12 #13
Si0, 70.0 70.0 72.0 70.5 65.2 68.3
Al,Oq 11.0 11.0 9.6 10.5 11.9 10.7
B0, 8.0 8.0 7.0 75 7.3 7.9
MgO 6.0 4.0 2.0 2.5 8.4 5.8
Ca0 2.0 6.0 9.0 5.5 3.0 2.0
SrO 2.0 0 0 2.5 1.3 0.7
BaQ 0 0 0 0 20 3.8
Y,0, 1.0 10 0.5 1.0 06 0
ZrQ, 0 0 g 0 0.3 08
Zn0 0 0 0 0 0 0.4
d 2.446 2.429 2.396 2.468 2.490 2.510
o 28.5 29 .4 31.9 32.2 35.7 35.9
E 77.5 76.2 74.4 74.8 76.1 74.3
E/d 31.7 31.6 31.1 30.3 30.6 29.6
ER 676 680 687 680 686 671
T. - _ _ _ _ _
T, _ _ — — — —
MBHF{ |O @) O O — —
iR @) O O O — —
[0039]

Page 7 of 7

[Effect of the Invention]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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Abstract of JP2004189535
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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% Sn0O,, 0-0.1% As,0;, and 0-1.0%
Sb,0;, and the Fe content of the glass, converted to Fe,0;, 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% Sn02, 0-0.1% As,03;, and 0-1.0% Sb,03;, wherein the Fe
content of the glass, converted into Fe,03;, is 0.005-0.03% by
weight.

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

wavelengths of 400-800nm.
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3. The alkali-free glass substrate according to Claim 1
or Claim 2, comprising, by weight, 55-70% SiO,, 12-20% Al,0,,
5-15% B0;, 0-5% MgO, 0-12% CaO, 0-10% Sr0O, 0-10% BaO, 0-5% ZnoO,
0-5% 2r0Q,, 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]

[Priox 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, Lo 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 congideration for glass substrates used in devices
of this kind, the glass substrate should preferébly have high
transmittance from the ultraviolet range through to the
visiﬁle 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 £ilm,
semiconductor £ilm, 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.

[0o008]
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.

[o009]

[Patent Document 1]

Ja@anese Unexamined Patent Publication No. H7-202208
[Patent Document 2]

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

[Problem to be Solved by the Invention]

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

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

performance.

foo11]

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

[0012]

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

{0013]
[Means for Solving the Problem]

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

[0014]

The alkali-free glass substrate according to the present
invention is characterized in that it contains essentially no
alkali metal oxide and comprises, by weight, 0.01-0.3% SnO;, 0-
0.1% As;0;, 0-1.0% Sb,03, and has an Fe content of 0.005-0.03%
by weight, converted to Fe,0;.

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

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

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

[0017]

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

[0018]

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

[0019]

AS;03, 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®' brought about by the Sno,.
For this reason, the amount of As,0; contained in the glass is
limited to no more than 0.1%. An amount of As,0; greater than
0.1% is not desirable, as this reduces transmittance for the
ultraviolet range. The As,o; content should preferably be no
more than 0.5%. Reducing the amount of As;0; used as a fining
agent in an alkali-free glass makes it more difficult to

obtain bubble-free glass. However, since the Sn0, added to
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improve transmittance also acts as a fining agent, it is
possible to obtain bubble-free glass by combining this with
suitable amounts of Sb,0; and Cl. Like As,0;, however, Sb,0; has
its absorption peak in the ultraviolet range, so that the beg
content should 5e limited to no more than 1.0%.

[0020]

If the amount of Fe?' in the glass increases too much as
the result of adding Sn0O, there is a risk that transmittance
for the high-wavelength end of the visible range might be
reduced, since Fe®' has an absorption peak of approximately
1080nm. This would make it impossible to maintain
transmittance at 89% or more for wavelengths of 400-800nm. To
prevent this, it is necessary to adjust the total amount of Fe
contained in the glass, which must be kept within a range of
. 0.005-0.03%,. converted to Fe;0;. It is not desirable that the
amount of Fe,0; is over 0.03%, as this lowers transmittance at
the high-wavelength end of the visible range. Attempting to
reduce the Fe,0; content any lower than 0.005%, however, is not
advisable, as this makes costs unacceptably high. A preferable
range of Fe,03; content is 0.007-0.03%.

[0021]

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

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

[0022]

The precise composition of the glass substrate according
to the present invention may be determined as suitable
according to use, taking into consideration factors such as
chemical resistance, thermal contraction, meltability,
moldability, and thermal expansion coefficient. One example of
a suitable composition would be an alkali glass comprising, as
a percentage of the total weight: 55-70% $i0O,, 12-20% Al;0;, 5-
15% B0;, 0-5% MgO, 0-12% CaO, 0-10% SxO, 0-10% BaO, 0-5%Zn0O,
0-5% Zr0,, and 0-0.5% Cl.

..[0023]

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

Si0; acts as the network former of the glass, and has the
effect of improving the acid resistance of the glass,
increasing the strain point of the glass, and reducing the
thermal contraction of the glass substrate. A glass substrate
with high acid resistance and low thermal contraction can be
obtained with an 8i0O, content of 55-70%. A preferable range is
57-67%. A higher 85i0, content causes the high-temperature

viscosity of the glass to increase, so that meltability

10 JP2004-189535A

0158



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

[0025]

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

[0026]

B,0; acts as a flux, lowering the viscosity of the glass
and improving meltability. These effects can be obtained with
a B30, content of 5-15%. A preferable range is 7-14%. Greater
amounts of B;0; tend to lower the strain point of the glass and
adversely affect acid resistance. Lower amounts of Ba,0;, on
the other hand, are ineffective as a flux, and tend to reduce
the meltability of the glass.

(00271
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
0-3%. 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 adherxe to the
surface of the glass, making clouding of the glass substrate
more likely.

foo28]

Ca0 reduces only the high-temperature viscosity of the
glass ‘without lowering the strain point, and greatly improves
the meltability of the glass. Meltability can be improved by a
Ca0 content of 12% or lower. A preferable range is 3-10%.
Larger amounts of Ca0O 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

registance of the glass in a similar way to SrxO. 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]

Zn0O 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, Sr0O, 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]

ZrQ, improves the acid resistance of the glass. This
effect can be obtained with a 2r0, content of 1% or less. A
preferable range is 0-0.7%. With larger amounts of Z2r0,,
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 welt 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.

[0037]

A detailed explanation of the present invention follows
based on several examples.
{o038]

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

21 and 22).
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[0039]

[Table 1)

Example

Composition (%)

Total Fe,0;
Transmittance (%)
Density (g/cm2)

Thermal Expansion Coefficient
Strain Point

Liguid Phase Temperature
Acid Resistance

Buffered Hydrofluoric Acid Resistance
[o6040]

[Table 2]

[As for Table 1}

[0041}

{Table 3}

{as for Table 1}

(0042}

{Table 4}

[As for Table 1]

[0043]

[Table 5]

[As for Table 1]

{0044]

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

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

[0046]

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

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

The thermal expansion coefficient was 30-34 x 107'/° C. The

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

substrate exhibiting little thermal contraction to be obtained.

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

greater than 1610° C, and the liquid phase temperature was no
greater than 1120° C, so that these samples had excellent

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

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

[0049]

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

[0050]

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

Thermal expansion coefficients were calculated by
measuring. the average thermal expansion coefficient between .
30° ¢ and 380° C using a dilatometer.

[0052]

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

[0053]

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

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

As described above, the alkali-free glass substrate

according to the present invention has high transmittance
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across the visible range, making it ideal for use as a
substrate in a flat panel display or Sensor, Oor 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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Flra,. BEF A7V 4088, ERXBRF (270428, XONAVEHFTELE
O, TRBCHIYIVITABEROBRALLIZTOANRN. £, TFT (BT 2
Y)RIK. FTRAERLCEATER. BRRE. *B4E. eBHRSENBELEL., ¥
SJRAEBVORBMLYVEBERIOONMBEOESIRERN T IFEBMEECKTI 72 VY
PIT7+R&->THRETNT. 0., EABCHFIYIVPTZIHEHBOBRELR LN
Ru.

{0008

Fr.ES. FEBETNZUVIERIVILFAOLIX Yy O Y ZFP A7V 10%6. K. &
. FOBMEXBEIRATUIRREASY,. FROXERTIRAXABORTANENHO
BREBCHRTZTBL., YOG, FROXCHBIIREBRCHIYIVITIIAOERERE
WHAFERO,

(0009

(a1

HR¥T7-2022088A4AK

(R 2]

HMA2001-261366%4HK

(o010

(READKBRLLI YT IRE]

Fe, O, #3529 2Fe’®* XxFe? " ORE2BHEL., . Fe® " 1. 8
BONMBECRBEC -2 F RS, 48, BERAUOITIBBCHIIBRAEETRAT T H
3. -MC.,. TH2ABEETNIVTIAR. YZ2ARMOUETIRTI D S ROFe,
Q3 PPSAPRLRBALZINZ. X0ED. COLITBYTAEF (A7 AP0y —
OBRBFYLZALI Y., X488, EERRPOIRBCHIIEZBRERBLEL., 4« X7
LAY Y — YL T7TOBRKOBTHIRRITAZUZE.

(00111

¥S52APAOFe, O; ORATRECHRBRTICR. BHEVYSZEAREARAL. BH.
BERABAARBELLRBMAFe , O3 rBALVLRVEL I RRAICHH T L AMERBER
BTIRENHY . REJZFMDPEBCE(L2IELEDL, BREA2E B,

(o001 2]

ARBOBNEG, LRULEAEXRRBERE (1)~ () o7z EHREL. LHE. DX+
TLEIoY R, ERFEOBLURIVNDVESAEWMERBKTICOYZ2H T .
(00131

(RETBRTIENOFER]

ARBAER. BROEBREIRVEBULEHKR., P5XAPRL8N0, EFNTITCY2FEO
ZREFBYNICYEROURLARBEYLIBRT S EO2H .

[0014]

B, ARBOW/WPZLDVYSIEHERZ. REACPILIIVEERILD ES T, HB%
2. 8n0, 0. 01~0. 3%. AS, 04 0~0. 1%. Sbhy Oy 0~1.
0%2HY. B>, ¥YA9P0Fe03ERY. Fe, O; CEREL7Z, HE®%X20. 0
06~0. 03%2HICrERBYTI.

{00156

(¥FR)

-, YSRERLOTFTEERTIIBRCAVSALIEIBREZ. EXYLTZ300Nnm
FTPUNYLERBOEKNIBUBERINT. COoxd., BE3IOONMECHFY I NS IER
OFBER, 2FIRTBNIHRRC. DR (YEDH0BME (BFLKEO0XMULE)
2HICYPEF2HITI. COBREDOIOXRB 203 Y NEHBEES - ZTFTEH
BTIBRCHBEHILY, SEHCEBEFELTERINT .

(o016

FE. BET(ZA7VARHRRRFP (2704 2H3L0. XO0NRBRMEOREZ D R
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WEATHFRD. COEN. BEF+ A2V I1BAYSAERNOTIRBCHVYIBZRER 2T
IRIBLECR. BBE400~800NnmICHITIBBRERE I %ML (BFL (K
TO%MLE) 2HITCYDEE2HI. COBBRENSIBKRB2HILYF (AL M0
BEPETTIEBrH T .
(0017]
OB, ARBAORP LD IVL TAEBRCHNIR. PSAFOAS, O3 0. 1 %M
TrRMMRL, SN0, 0. 01 ~0. 3%%BNTI. ChiC&YFeoiR¥ 34 (F
el ')A 2B (Fel ") AZTEZRRESIOONMICHY I BREYH 0 %ML
CRt, B>, BR400~B00NmrReHYIBBEFEIRXMULECLTZL R,
[0018]
¥I32FC8Nn0, ¥0. 01~0. 83%8HTH3¥Y. sn?2*+2Fe®*18n"
*+2Fe’* ORBrECY ., FeoRrXHLLZ. Fe?* rilamL. Fe?® * &
WHTIvErz N, KABCARBERNOTIRBOZEREN LR TI. SN0, 0OSEE®
FO. 01%&VDBLY, BRZELTIFeoBELR (LY, 44BLEERBOT
BROBAEUBR(LIANDBEL(BN. —H., 0. 83%&YVBUYSN0, OMEW
HEULY T RIENOBELLRN. B8N0, OB FLLEBERKO. 065~0. 83%2d
I.8. SNYBRLCFeoMBMELERCTEOYLZ. Ce®T i ErEET I .
TR, EABCRREF>EDH. BFEL (B,
(o019)
£, ABAYULZIRASBATNZVUIAS, O REMBCRR -7 H->. B0,
SN0, C&IFe? \OliBELEMETIHFFIHNI. COLM. AS, 0; 83
EREO. 1%MTRHMRINI. AS,0; OSEBHFO0. 1%&£VBHY. &40
BRAEFETTIEANBEL(BD. BFL(ZXO0. 05BUNT2HI. &. BRFZPLDHY
FSARHUT., BEMYLZAVBAZNIAS, 0, 0 ARERE T Y. Bos)
PTAEBICYRBL(RIY, BERAEFTHOIELNOCEDNLZVIS N0, FABH
YLZEtMCEYM, Sb, 03 C |l TRAEMHHAUEICY2ROBLNUYTIEBICY
r2r¥FI. AL . 862 03 ’EASQ 03 YEBECHABCRREC -7 FH->EH., O
BHER 1. OXMTRWLIRFEIHNI.
(00201
$5.8n0, 0N &L->7. Fe? " NLIFIY. Fe? " Z1080nmi
FrBRRC-7EH->£20, ERARBRWOTEEBEXAETL., BB400~800nmEK
I IBBEER I BMRLECRERSCUDNPELLSRIBOHI . CRLEBLTICE. 2
FeREHARTIBRENHY. Fe, O; CHRELZO0. 006~0. 03 %OBBEAR
AZLTTICYPEEZ2HI.Fe,0; O3S EHBHPO0. 03%&LVBL(HIT Y., &
BENOTRBRAENATTIENOBEL (RN, -5, 0. 006%&KUDBRCLLS
YTIY. JALBBLARYVTFPIENBEL(RL., Fe, 0; 0B FLLUEER. 0
007~0. 08%2d73.
[0021)
ARACHVIBRTIPISABRRPLIVYSZ2H3. 0B, F5AFPCrPL
DYEEBIEW (N, O. K, 0. Li,0) ¥8FFT3I Y. Y3207 0 VND
B, S AERLICHETNESBOBRYTFTRIORBEESLTHIXRD YL, P A
DURDYBBOBMBPREBTICY2aBL. EROBBEFRTIHIBIHI B Y B
3.
(00221
$E.ARBOYTAEROAKNOLMARE., HRELHE. ARSELE. SHE. g, B
BREBSTZRL 7. ARCHBU ZRERETAR L. SR MANXNMYL 7. HEE
2%32, 810, 655~T0%. Al, 03 12~20%.B,0;3 b5~156%.
M%0 0~5%. Ca0 0~12%. 8r0 0~10%. BaO 0~10%. X
NO 0~5%. Xr0, 0~6%.Cl 0~0. 6%XOBRILDVLTABHTY
ni.
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31
CYTZAMXEREL LBARKR. XOYHFY 2HI.
]

4
K. PT7AD0Fy b7 -7 2-V—-YhRIEP2H). ¥Y720WEEHrtTmH L
THEY . PS5 AQOFERTLBI U IV ZAEROBUMENI (T INRENZ, 85
BHSEE~T0%2HNIL. BREEFE(. RARHBONT LS IBREBIOYR2T
3. BFLURBR. 5T~6T7%2H3.M, Si 0, 0OBHEBKZ(RIY. T
OBRERERE(RY), BRENBUETIYRCIVIAIMNATA LPOXRBE7YRMBELY®
TLHRIERALHIT. $£. SEBRFIB(LBIY, PSAORBUECEANBRTT IHE
mreH3.

002651

Al , 0; B, YFA0ERELBITEEY) . 7VUALARTA+OXET7YOHLEEMR
e 2H3. SERH12~20%2HNE. BREBEBEFBOLTAERES IO N
2¥F3.B8FLLUREBRK., 13~18%2HT. M. Al ,0;, 0oZHERBEF(HRT Y,
PSZAOWM Ry 7 >— R 7vyBEFBHLLEY, BEBEFXLIBLZEBLLC (R IHE
ACHhI. ££. SERFIVIBL(BTIY, VFAOFERNDFBTTIEACH T .
(0026

B, Oz tx. @AYULZHERL., FYSA0KEETTY. BREFTXNBTINDI2HE. 8
ERBFS~16%2hntr. LEMBREBSBICYH2FI .. BFELHEEK. T~1 4%
2HT. M. B, 0 OB ERBBS (BT Y. YTAOERHFBTLEY ., BBRENEIL
TIHE@AMELHI. k. SEEHDL(RT Y. BRIYLIZTORCERUtTBRBENRT
TIHE@ITHI.

[o027])

MO, YT RAOEFELFRTIHTCEBENHEOHERATIH T, FS20BRETFTX
BTIMo2H3. BEBDPOXUNT2HNAE, Y7208 RBETHBTICYH2F T
CBELLUEBAK, 0~83%2Hh3. . MPOOBSERBRIXS (LI Y, TYXATHA+H
OXB7YBHRMBLLT(RT ., gE. WBAyvy7>—F7vBEFBTL., Z2+Iv 7
YOUIBRLHLZ., PTAERRAFREINL 7. ERHEERHVYSIBRERBCHEL
CHTABEBRFAEBLICRL I,

(o028

CoOR. FPT7AOEREATIYHTCEBRYBEORFTFRTIHZ. YTXA0BRETE
LSHBTIXND2HI. SERF1 2%UNT2H0E. YTXA0BETHBTIONY
H2¥FIT .. BELOEEK, 3~10%2H3. 8. CaoOQ08EBIZ(HRIT Y, WX
v77—F 7 vyBREDEBILTIHEBLOHI.

{0029

SroOR., YSZ20MWE¥ESEYREBHETAQLICECIND2HT . SHEF 1 0%BMUNT2
hh, FEMBEBICYRPFI. BFLLWBEZO~T%2H3. &, 8r0o0sg
ERBNELLIY. FTFRAOBEOCREREDFAF (LY, BREPBLTIHEG
&3 .

[0030]

BaOR. SrOYEARCYFAONESBYREBETA LI IR P 2HT. SF R
K1O%MUT2Htr. FTEHREFBICY2¥3 . BFLUEEHRKXO~b%X2HZ.
M. BROOBSERNZ( LI Y. YTRAOBECREREBUAF(BH-LY . BR#
PELI(BELTIERACH T .

[003 1]

ZNOK., Y720WAyv 7 - F 7 vEBHCPBERBTIABTINDG2HIT. SHEENS
BUNT2HNiEE, LEMRFBICYH2FI. BELUEBHEHK, 0~2. D% 2HIT.
. ZNOOBERBEZ(HIY. PFTAOMREABERCERFBTTIIHERACH I .
{003 2]

M. M?20O. Ca0O. 8Sr0O. BaO@oZLbYtHEEBILWE. BBLISETUHZ
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CYP. PTRAOBMRBEYNRNREBHEITALIGEICY D BPFINR, CLEKNDOARY S
(BR3Y, PSRAOBBUOLERTIHEACHY ., YTAEHOBBILIBE YR I L.
ER211%KRBCTICUYHRELL.

(00331

ZrO,B. P520MBHIIABTINDI 2. SERFX 1 %A T2, ¥35 2
OMBEETMLETIHICYF2FI. BFLUREK., 0~0. T7%28%. . Zro0
y OBERBF(BL I Y, YNOAVOXKBE7YDOWMETIERACHT .

[0034]

CliEk, PT20BBRYL7ZTH (XD 2HT. EEQUFF{( BRI Y. PTARBHLY O
BREPLZ(2Y. REBEFEELLT (BRI, SEBRF0. S5 UNT2dNLIE. BERL
taEamRer8uvni. 8FLHEERZX.,. 0~0. 4%2H3.

[0035]1]

X ARBORPILHDVYPSAEBRMEHETIH R ERBT I,

(00361

FP7. ABBVYL7EENIFeoRFERBLADRYLY ., RILIVYSZAORBERERL
VYORRTROVILIROPIAMRNEB YR ILICASTI. Kz, AAULERR
tTERBBRYP21620~1680CoORE2BRTI. YOk, BRYFZAEZA0Ov b
P9y RrO0-%. 3-R-70-%7>E0-%. 70-+%E. O-ALP7+%RF0H %
2WRIKCHEHBULANTICYZ2RPZLIODVUDSZIEREBICYDIZFI.

[0037)

(EmH]

MFT, RRAFTRBHCEy zFEMICHBPT 3.

[0038)]

F1~4,. AR\OEKH (ABNo. 1~20) ¥. %6%. 8H (ABNo. 2
1.22) Exn¥nmrLzNI.
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(o
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. ® B &
1 2 3 4 5

Rk (JAMo%)
Si0, 63.0 |63.0 |63.0 [63.0 |63.0
Al O, 16.0 |16.0 |16.0 |]16.0 ]16.0
B,O, 1.0 (1.0 [|11.0 J11.0 [10.0
MgO - - - - -
CaoO 7.0 1.0 7.0 1.0 8.0
Sr0 1.5 1.5 1.5 1.5 1.0
BaO 0.5 0.5 0.5 0.5 1.0
ZnO - - - - -
Zro0, - - - - -
SnoO, 0.1 0.1 0.1 0.1 0.1
A 8 203 - . - hand o -
Sb,0, 0.9 0.9 0.9 0.9 0.9
cl - - - - -
£Fe,0, 0.008 | 0.010 | 0.012] 0.015| 0.020
BARE (%) 300nm 74 IA] 69 66 60

400nm 92 91 91 91 90

600nm 92 91 91 91 90

800nm 92 92 92 92 91
BE (e/cm®) 2.38| 2.38| 2.38| 2.38] 2.40
ik &M [30-380°C]
(x10-7 /) 32 32 32 32 33
#& (°C) 675 675 675 675 676
logn at 102 ° (°C) 1610| 1610| 1610| 1610] 1595
BARE (°C) 1095| 1095| 1095 1095] 1105
[ O O O O O
Wiy or—FoyEE | O O ) O )
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X K #
6 7 8 ) 10

AL (RE9%)
sio, 63.0 |63.0 [63.0 64.0
Al ,O, 16.0 |16.0 |16. 16.0
B,0O, 10.0 12.0 12.0 11.0
MgO - - - - -
CaO 8.0 8.0 8.0 8.0 8.0
SrO 1.0 - - — 0.5
BaO 1.0 - - - 0.1
ZnO - - - - —
ZrO, - - - - -
Sno, 0.1 |02 fo.05 | o015 |02
As,0O, - - - - -
Sb,0, 0.9 o8 o9 o | -
cl - - 0.05 0.1 0.2
2Fe,0, 0.025 | 0.015| 0.015 | 0.020 | 0.020
BBE (%) 300nm 55 12 61 63 67

400nm 90 91 01 91 91

600nm 91 92 91 91 92

800nm 91 92 92 92 92
WE (g/cm®) 2,40 2.35| 2.35| 2.35| 2.37
o5 i ok 6k M [30-380°C])
(% 10-7 /%) 33 31 31 31 32
Em (°C) 676 670 668 671 670
logn at 102 ° (%) | 1595| 1590| 1590 1595| 1600
HW\EE (°C) 1106 1080 1080] t1080| 1110
i ER i O O O O 9]
WSy 27— F2 Bt O O O O O
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® B O
11 12 13 14 15

R (R&9%) '
Sio, 61.0 62.0 63.0 62.0 62.0
Al,O, 16.0 15.0 16.0 16.0 16.0
B,O, 12.0 9.4 12.0 1.0 11.0
MgO - 0.5 - - 1.3
CaO 7.0 7.0 7.0 8.0 8.0
SroO 1.9 4.0 1.0 0.5 1.0
BaO 1.0 0.05 0.3 1.5 0.5
ZnO 0.5 0.5 - 0.5 -
Zr O, - 0.4 - 0.15 -
Sno, 0.1 0.25 0.15 | 0.15 | 0.1
As,Oq - 0.1 - — -
Sb,0, 0.5 0.7 0.5 — 0.1
(o - 0.1 0.05 0.2 -
2Fe,0, 0.015]| 0.015] 0.015| 0.010 | 0.010
BAE (%) 300nm 85 72 70 74 70

400nm 91 91 91 92 91

600nm 92 92 92 92 92

800nm 92 - 92 92 92 92
WE (g/cm?) 2.40] 2.44| 2.35] 2.40| 2.39
RiERRBM[30-380°C]
(X 10-7 7%0) 34 33 31 a3 34
FR (°C) 665 671 668 669 673
logn at 102- % (°c) | 1555| 1660| 1605] 1565| 1560
HERE (°C) 1105| 1055 1090 1085 1120
it R O O 0] O O
W 27—E2vEtE | O O O O O
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x it A
16 17 18 19 20

R (k%)
$i10, 63.0 159.5 [62.0 |61.1 64.0
Al,O, 16.0 |18.0 [17.0 |17.5 |15.5
B,O, 9.5 |[10.5 |10.0 | 9.5 | 9.0
MgO - -. 103 - 0.7
CaO 9.0 8.0 8.5 55 6.5
SrO 1.0 - 0.5 3.5 2,0
BaO 0.5 3.0 1.5 0.5 -
ZnoO 0.5 0.5 - 1.0 1.0
ZrO, - 0.2 - 0.3 |05
SnO, 0.15 | 0.15 | 0.15 | 0.1 0.1
As,Og4 - - - - -
Sb,0, 0.25 | 0.5 | — |09 | o4
ci 0.1 - 0.05 | 0.1 0.3
£Fe,0, 0.010 ] 0.010] 0.01 | 0.0156 | 0.015
ZRB#E (9) 300nm 12 " 11 66 65

400nm 91 81 91 91 91

600nm 92 92 92 91 a1

800nm 92 92 92 92 92
BE (g/cm’) 2.42) 2.43| 2.40] 2.43| 2.41
#4038 R B [30-380°C)
(107 %) 34| 34| a3 31 30
#m (°C) 677 680 682 686 685
logn at 10%- % (°C) | 1585] 1520| 1585]| 1560| 1605
HEBRE (°C) 1095 1115] 1100 1115 1045
WA ) O O O ©)
Wiy or—Fo2vBE | O ) . | O )

oo
oo
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b B8 M
21 22
R (RE)
8io, 62.0 |58.5
Al .0, 16.0 15.0
B,O, 1.0 10.0
MgO 4.0 1.0
CaO 4.0 5.0
SrO 1.0 6.0
BaO - 1.4
ZnO ' -— —
Zr O, - 1.5
SnoO, - 0.05
As,O, — 1.0
’ Sb203 2.0 05
Cl - 0.05
2F e, 04 0.020 | 0.030
EAE (%) 300nm 40 39
400nm 90 89
600nm 90 89
800nm 91 90
@wE (g/om®) 2.38] 2.49
REEEMR[30-380°C]
(x10-7./°C) 30 37
Em (°C) 675 670
fogn at 102 % (°C) 15701 1460
HHEEAE (°C) 1090 | 1230
(] 43 o )
By 77— F2vEkit X 0]
[0044]
ZEP0&HPE. XOKXSICULTZTHERLE.
(0045

FTROMHAYBILTCHYTARPMTABAL., 2Ry F21600C224GRBRE
LER, D-KYBLECRLEL, BRCEHULE. RUBPTCAYOBRRYSIODME ¥
XFBBETICUYLCEL-> 7. BMEZEF300mm. MEZEHX300mm. BH#%*0. Tm
MOARZ2REROY T ALWEERL L.

[0046])

COLATRUZIHRHRULUEBHRBMCH>LZ., BHORUEENBLE. BRERCRT.
{00417

EHDVEHLBREITC, REHA2HIBARNO. 1~20BOUFNEBEBIOONMIECH
GIBBEFEOBMLYBE(, BR400~B00ONMEHTIBBELIOBMNLY
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Bh-E. BER 2. 43%/cm; ATYB, EHoBBILTRICOYLR2FI. M
BREBRZIO0O~34X10" " /C20h-E. EARE6O6TCULEYBLED. BESK
ONTUXSZER/EB NI, £, 102 S AAXTLHSTIEER1610CHR

T. BEBERZ. 11 20CHKT26H3 L., B4, A t®LzZLE. B2, B
. RBHFCt8h 7L E.

(0048

-A., kB8HA2HIRRNO. 21kv22 k. BR30ONMHVYIBZEBRENL 0%
KTYBD->E.

(0049)

BREC-H>UZE. PXXBHICZIEEIOONM. 400nm. 600Nnm, 800N
MICHYIBROBZBEETRNEL £.

(00501
BECHOVIR., BOOFALFXPIRCEL>THEL E.
(00611

MEREBRRZ, 745 X9 —-FRALZ. 30~880CHYIFTHWREREREN
FELEEO2H I .
(0056 2)

EmZ. ASTM C336-T190hCEINZHAEL. COEFrELEY. 52
ORRBEAT(RI. lo%n at 10% ° . BEMEZHIT 102 % R4
ZORBLCHMTIRBERTEOZHY . CORBrALEY. SRECAENTNI D
Yresid.

{005 38)

BHEABELC-H>WZIE. RTOEHR2H-£. 7. BB EFLNLYNIO0O0~500um
ORFILCHE. BBL. ChEOEHOR-FCANTZI000~1300COERRED
BECHELZ24RBIRBL.,. BRDEFLVEEHOR-FERYVBEULE. OB, B
EHOR- DY TTAERYBULUE. COLIRLZIEBVAEYYZ LN ERXERE 2
BREL. BEOMBRERAEL. ChERBEEBEYL £.

(0056 4]

WHC | #ix. BENMEBOTCCRRAINEI OB XBEHAKBBRCIRRBREL LK.
YN ORARBYERZERTICYRL-THMELE. $§E. BRy 7> —F 7 vB
B, BSRABEF20CCRRINEIOBRBUBIEIP VE-Y9L. CHEBRX 7 vERHDY B
ANy 7>»—-F7vBIC3OPRARBLEL., Y hs oRERNFTBAE2BEBRTICYR
Ko THMLE. YTXAERORBALCL(ZILOENEOFEO. TBELEEDORX2RLU
.
(006651

(RAOTHR)

MEtOo & R, ARBOBRZL IV YT IAEERX, IRB24CH-7EREFBELED
VTP RELFPAZAZUVLARPO Y -FORB, BABEBERIOINR-PITIACAHY
LRIVSZAERBYLZBB2HI . £, KABCHYIBRAELtHLED., BiC, ¥
BEBXCL->ZTTFTRFERETITFTR?»IF A7V LYy 2ZBEF«X71 A
CERBINIBRILDVEPTSZERYL ZIBRA2HI.
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707 FN=SORF

GN)Int.CL.T FlI F—VIa-F ($%)
HOG5B 33/14 HO5B 83/14 A

F ¥ —L(%%) 46062 AA01 BBO5 BBOS DAO6 DAG7 DBO4 DCO3 DCO4 DDO1 DEO1
DEO2 DEO3 DFO1 EAO1 EBO1 ECO1 EDO1 EDO2 EDO3 EEO1
EEO2 EE0O3 EFO1 EFO2 EF03 EGO1 EGO2 EGOS FAO1 FBO1
FCO1 FCO2 FCO3 FDOY FEQ1 FFO1 FGO1 FHO1 FJO1 FKO1
FLO1 GAO1 GA10 GBOY GCO1 GDO1 GEO! HHO1 HHO3 HHOD
HHO7 HHO9 HH11 HH13 HH15 HH1T HH20 JJO1 JJO3 JJOD
JJ06 JJO7 JJ10 KKO1 KKO3 KKO5 KKOT KK10 MMO5 MM23
MM27 NN32 NN34
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EFUICS S LEWESIIE. SrO+Ba0iX0. 5%LUETHBIEMFELL, &

DIFELIRL B ETHD, ISITFELIR2¥UETH S,

ARFADH I AL MgO. CaO. SrOBLUBaODSHEROAE. Tixbb
MgO+Ca0+SrO+Ba0 (RO) A% 5%LAL18%LUFTHS. ROML 8%
BTHDE, LE GEE) BRELRVTERBENNHD. T BEEEDIREL
DTELPENDB S, RO 16. 5BUTTHBZEMUFELL, ROM1 6. 5%
UFThL, HERIUIAREEOERE L5,

F/e. MgO+Ca0+SrO+Ba0 (RO) 1I5%KETIE. HS5XDEMBEHIUL
FeaBehnt® s, ROBEVFELIES5. 5%ME I5IFELLIZ6 %LLE.
BATFELIZT %EAETH B,

ERHADH 5 R IIEEINT_ LR N 512558, TOMDRS EEFRHAO BN ZE7/3b
BAEHATER L THEN, BRCEOMORSTDEFROEENIL 0BIKLETTHS
EHUFELL, KDFELLIEE XUATTHS.

HELT DML & L TROL S bOdET 55, T7abs, SOs . F. C1. S
nO; %%, B, BEYE fEtEM LI 85201, Tt CHEEEAL TdHL
W,

"SOs 0~2EF)%, HELIZO~1EIL%
F 0~6FN%, HELIZO0~3EIX%
Cl 0~6%FI%, FHFELIZ0~4EI%

SnoO, 0~4EN%, FELIZ0O~1EIN%

BB, INLEFGHIEIHE, SHROGHNL 0EBN%BET. HFELIZ5EIN%
FT FOHFFELLIIBENHET, MFELKE2ENBET BlHFELIE LD
pm~ 2 EIVBDHEFETH 5.

¥, FBOBHICEDFe, Oz, Zr0, . TiO, . Y, O: E2 Tt &
HEALTbLN,

Fe, Oy O0~1%®NL% HFELEO0~0. 1EL%
210, 0~2FN%, HFELIZO~1EIN%
TiO: 0~4EV%, HELLIZO~2FEN%
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Y. Os 0~4FN%. FELLIZ0O~2EN%
CeO: 0~2%F)N%. FELEZO~1EI%

B, ERETOMORS 2E5F S84, SFROER (SO +F+C1+Sn0O
» +Fe, O3 +Zr0, +Ti0; +Y, Os +Ce0; ) M1 5EINBET. FEL
WF1O0BNKET, KVHFELSHESTEINVBET, FHIFELLIEIENIBET, B
FELLIZ1 p pm~ 3 ENK%OHETH 3.

28, BESLCIYA I NEEZTSHE, As, O3 Sb, Os» PbO, ZnO
BLUP, Os BEEMICEHLRNI LAWELY, J7abs, Zhs SRA0EHE
RENENO. 1%UTFTHDI LAYFELL, TN5 5 RAOSHRIL BFTO. 1%
UFTHBZENRLDIFELL,

{HL. ZnOIiZDWTIL. #FiZ70— MEI L BREZ2T I BSIEIEENICESF LN
ZEMFELVD, TOMORIE, 2EXEYT 2 RO—RIZ L ZREETIHAITE
0. 1%%#BATHESELTOLN, KT, BELIIK K LENWESITIE. 2%ETO
WATEETHIEMFELN, ZnODFFEMN 2 KB TIILE (FBE) NKRELARD
TEDRTNND S,

F/k. As; O3+ Sb; O; . #iZSb; Oy IZDOWTIHE, K0FEEEZMEXE
WBAITIZ0. 1% EBLATHESALTHLN,

T 10, BRyO— MECKDBHEET DBSITERNICEH LN EFEL WS
FOMOEEE, 2EAEY Y RO BBREETIBEITIX0. 1 %EBATHE
HEHLTHEWN. i, BBEUIRK K LEWEAIZIE, 2% TOMETT 0, 28
HTHTEMFELL, Ti10. OFHEN2 %W TIILE (FE) BPRELRVTES
BENNDH D,

ARADH S ADWE (BE) 132. 46g/cm® LLFTHHIEMMFELW, TS5
ADLEN2. 46 g/ cm® UFTHBET A AT LA OBERILIZE > THEETH S,
HIADWE, X0FELIE2. 43 g/ cm® AT, S5IFELLIE2. 40¢g
Zcm® BT, BIFEL<IZ2. 39g/cm® LUF, &biFEL<IE2. 38¢g./c
‘m® BFTH5.

FFEADIFADE 0~ 3 5 0 CIZBIT 5 FIGRIERMA @ s0-3s50ld 3. 4X 107
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S/CUTFTHBIEMNFELL. KDFELLIES3. 2X 107/ CTUTF. #ihFEL
<iZ3. 0X107°/CHUTF., BOFELLIZ2. 9X10™° /CLUTFTHS. @so-ss
3. 4X 107 /CUTFTHBE, MEEHREICENTNS, Fie @so-ss0ld 2.
4X107 /CUETHBTEMFELL, 2. 4X 10 /CULTHBE. HIRE
WEWZS 10, S iN, Z2RELUEESIC. HIAEREINSOEEDBET vF >
YNBIFTHD. ZOBRNSIE. @so-ssotd X DIFELLIX2. 6X107° / CELE,
ABIIFELLIZ2. 7X10°° /CULTHB,

AYURY S RERT B, BHEMICIZL 9 0 p pmKBET BIEDIIE. Avacs
(ppm/TC) 1F0LAEL 2. ORIBTHDZEAFEL,

ERIEDH T ADEMIL6 5 0CULTHBZ EMFELL. LVIFELLIZ6 60T
DLETHD, ISITFELLIZ6 7 0CLALTH Y, E5ITFELLIE6 8 0CLULETH
D, 69 0CLALTH S Z EDMFTIFE L,

ZFEBEADOH I ADKEN10? dPa - sERZRET, ik, 1840CUTTHBZ
EMFELL, KVFELLIIL 8 20CUTFTHD, I5ITFELLIE1800TUTF
THO, HIFELLIE1 7 80CUT. BBHFELLIIL 76 0CUTTHS, T,
184 0CUTTHBE, HIRERBMTHETHFELW,

ERBEOH I ADKEN10* dPa-s&ibBEET. 2. 1380CUTTHBT
EDUFELW. 138 0CUTTHBE. HIRERHTALETFELW, LDFELL
13136 0OCHTF. #iiFEL<IZ1 35 0CHTF. BbiFEL<IZ1 34 0CUTTH
%,

FREADH 5 ADWABREIC BT HHEN L 1310 ° dPa- sBALTHBZ LAYF
ELW, 0y AM10%° dPa - sHETHBE HIREERMTHLETHFELY, 70
—METOHIADERENS H. BIUHSADEEREEZERTEDRZENS D,
i$10%° dPa - sHUETHDZ EMMTIFELW, 7, BESITFELLIR1 0
dPa- sHETHD, BOFELLIZ104 dPa - sHETHS,

BT 70— METRIET BB Awn-st / Qso-3soB3. 6 4R THoTH,
R EHETDEn, H110%° dPa - sHUETHBTEMFELW, LiEdisT,
BITRTEMEH 1 ~ 5 OFTIL. W4 OH 5 DR OE TRIFTH 5.
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Uietto T, AFRADH 5 ADIFERERFEL. FREREEL. Ao / Cso-
ssodt OBAE3. SLTFTHoT. HABBEICHIBRBEN. A% 10%° dPa- s
UETHBLEFRETHIETNVAVHIATHS,

68%<Si0,<72. 5%

8%<Al, O, S10. 5%

4. 5%=<B, 0: <7%
3%=MgO=<10%

2. 5%<CaOs7%
0%<STO<4%
0%<BaO<1%

5. 5%SRO=18%

HFEADITZ X%, WEMNO0. 1BV MV THHHEEKERPIZI0CT2 O
B L E &, TORMEE, 6, 75y 7SmECRN T EAYFELY., T,
H5 2 OREREFRBHIC LB H 5 A DBBELE/LE M SROH 5 A DB REHES
DOERBOE (AWae, ) 210, 6mg/cm? NFTHBTEAUFELL, (AW,
cr ) BREVEFELLIX0. 4mg//cm? AT, BIEFELLIX0. 2mg//cm?
T, BbHIFFELLIZ0. 15mg/cm?® UTFTH3,

F7e, ARBOH A%, BEESLRTREN 4 0% THD T VLT Y EZILKE
L FIZTEN5 0 % ThBD T v EAKREE #RIETY : 11Ba Lk LT,
v 77— F7viR (BHF) #&&EWwS, ) P2 5CT2 045ERRLEEE, TOEE
MEELRNT EMFELY. BT 0Ny 77— R vEEER W EHEETHBHF
MG S VW, TREREISE LRSS EHBHF ERBIFTHBEND, e, HS
R OFEH & BFRRIRIC L 5 1 5 ADERLbEN 53RO H T A DBEATEHRY D OB
BBOR (AWsr ) 200, 6me/cm? BUFTHAHZEMMFELL, (AWone ) 12
EDIFELLIL 0. 5mg/cm? MFTHY, E5IHFELLIE0. 4me/cm?
UFTH 5,

FREADH 5 A 2 BET 2 HEIFICRESINT, SEEEHRERATES, &4
i, BRI S B &S ICEEER SN AREEHE L. ChARRFFT1600C~
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16 5 0 CITIBAL THRIT 5. N7 27 RBBRAIORITPHERR LI K> THIAD
BHECETT D BT A ATVABOT A AT VA RRPT + bR AEMRE UTHEA
THREE, BAOT VRS YU RO—E 70— MEREDOHKIZ L DFiEORE
IWHRIEL. HRets. Bl BIEEREOMI 2T, BIEDYT X, BROBEKRET S,

#o T FRAOH 5 ADH XIISHERICEERIRSNER TH 5. HL. FHHD
A5 R KBDOH S ARBIIBNTRHICERTH S, 72bb, a2V a, T4
BN AOBIGEDEEHRA—TH o7& L Th, EROTA XNKRELSB &, EiK
2t& U TORIEOR GUUEOHHE) 1IkE<ik3. fIZE T4 X711 BER
OYAXE2040>F (50. 8EZFA—FI) RHEANS2561F (63. 52F
A—=RN) WABITTE L, EROMAROERS BZTNISC TR RD, BEiRe#k LT
DOEIEEOBHKREL /25, ZFEAOH AL, ERdUL DI, MFUBEOBRICRAET
BN a MERENTNSDT, EReEE U TORIEORbER TN, 0
BRI ABIOEMIT EHEF L2 5,

FRHEDH I ADYA XL, 30 2FA—RIVALLETHEZEMFELL, KDFF
FULLIE4 0o FA—MIALETHD, TEITFELIEB 0E>FA—MILALE
THD. HITFELLIE. 1 A—PMVALUETHD, FRELIEL. §A-MVARBE
Tbb‘2%—%»@&1?%%&&ﬁﬁtﬁibmoﬁ?X@E&KOme‘0.3
~1. OmmBEIYFETH 5.

(Shifi)

EWEF 1 ~ 5. Bl

#1DS i0; ~BaODHITENRERTRULHRERD LD I ZHEL. B
&3DIEFERAWT, 1600C~1650CTEELE. ZOBASAY—FERNWTE
BRULH S ADBBECER > e, RICERA I 22 FH U URRICERE L. H 5 X8» 5
FRINAHREAHEORET 1 R U5, BREE 1°C/ 4T U TSR 1
~5. BEUHBRFIDHT S A&’/

(SRR ORIE]

BENEHH 1 ~ 5 BLUHBHAON T A EREOREITIMILH#,. #%A (T,
o) MHEETHRL., BIRET1REGRGLER, BREE 1C/ 2ThReLEY TV
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. REMPES (TMA) ZHWT. 50~35 0 CIKBIT 2 HSHIEER ¢ so-15
02J IS R3102IHESNTVBHETRIELK,

(7 5 2 DG ERE D IERR]

ERICKDES NS 1 ~ 5 BLUHBHIOH S5 22K 4 F A, Er23IUIC
FEMT U7z, MU S ZRRBERER (T.) DEER (T.) ETOEKORE
T1 6RHECA LIBEEARIF L2 t8, H— R BURICHR T U, 8L, BALEREZWD
WABFIVFATAIL (JIS Z88075HAH THEELRAELE. COFETERDE
LAEZEITY, 0. 0001 g/ cm® OHETOERGEHRELE. BROBETOE
ERIERE R S INBAEIR BT 9 2 BE ORI OEE 2R U TS T Bt 255
U, RER (Tan) FHENSER (T, HEX TOBRBERRICSI) 5 EEEEROR
BAa-s¢ (pDpm/T) &RD,

ZDEICUTRENIZ @s0-350BE A sn-st DS, Auncst / Cso-a50 ZEHELT
Rz,

[a> %y a > oOBlE]

ERIC L DB S NEEH 1 ~ 5 BIUHBHION A EK5IVA, BH0. 7Y
WL Uz, T LAEHSA%9 0 0CETHEL., RBET1 HEHRELE B
REE100C/ 4 TERRETHAL TEHEA 2152, KIT. BEAZT S ADREN1
7. 8dPa - s &5EE ERE ETHEHEEL O O0C/HFTmeL., ZEETS
FRIGE L 252, PR 1 0 O C/ TR L TRFI BEE. BoiziElA,. BO
BE (dA. dB) Z2EBETRELE. ZOXSICLTESNEFBE (dA, dB) &
FTaEREAVWTa /Y aC (ppm) ZEHLE

C= (1— (dA/dB) **) x10°

HIADKENL 7. 8dPa- s &RR3BER RBER (T..) GEE:13. 0d
Pa-s) BXUER (T,) E:14. 5dPa-s) #HWT #M%1000
/T (K) . #hEssE (dPa-s) ELTPLovRTO0y RUTHEE. 22T &
BE (To) BEUES (T.) 1 2J1S R3103EEINTOEHREICELD
Bl U7,

[Tz, Ta, 0]
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LR KD /OISR 1 ~ 5 BLOHEFION T ARENR10*° dPa-s&ix
HRET, @G :C) BIUKEN10® dPa - s&R3BET, BAL:TC) g
R E AW THIEL =,

¥z, EERMEERHC K > THSNRE —REMR SRR, 5. HAEREICBITS
KEn., HfL:dPa-s) ZRdk, BEREICIDOWT, BROVSAREENT
NRZDHRET1 7RMIARL, EEBTHL TWA TS ZAOHR TR HIBEIE WY
TADH 7 ARELRERDFHL TORWH S ADOPTHROBEIMENT S ADH 5 X
BEE OFEEZRERES Uk,

[HHC 11 (AWice, ) ]

5z & 0B S NS 1 ~ 5 BLUHEFION 5 A ZWEO. 1EN/ Uy MO
EEYKARPIZ9 0CT 2 0 RERBHI T T, BEOIRICHITSH I Z0BREBE{LER
BT, INEHTADEREEEN SN T ADBAREFEL D OBEERPE (AWie: (m
g/cm®) ) ERDI,

WBHF# (AWsur , BE) ]

LEICEDESN/=EEH] 1 ~ 5 BLUOHRFADH S X &Ny 77— RI7 v (BH
F) (HEEARRRBEN40%THDT vty VY LKA E FIRREEN S
0% TH 57 vEBIKEKE 2AHIETI : 1IZBEALAR $I22 5CT2 0SS
VT, BREOFRICBIBZHIAOERENERD T, CNEHTADREEENSHS
A DBEALRERY D OBREAPRE (AWwe (mg//cm’®) ) &RDiz, Fk, BFEE
DOHF ZARMIIBIT2REOFEEZEBHRICKVERLE. JITH I AREICBEIRD
BN -7RE. MBHFENEFTHZ FHE: O) &Lk,

INSORERER LITRULZ, TITHE @B (g/cm’) B FEEEiRE
R T HDFIETRIZRER (Tan) DESRIVEY S TNOEENSTHRUKBETH
5,

EHpI6~1 4

SEHEG 1 ERRRIC, B VISR ITERICIRS LD KRB 23R8 U, BRUP TR L /= aR!
H 5 AERICEIBL T, TOBRBRE UEHEH 6 ~ 1 4DH 52 %1B5, BENDBHTR
IKOWT, @so-ssor HE (EE) « BR (T « WK (Ten) + T2 BRUT,
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ERDB, Dan-sr KOWTL, EHFAMS (Si10:2. Al Os .« B, Os . Mg
O, Ca0. SrOD6ES) DARTHTZEHS5Ea, (i=1~6 (LR6KD) ) %
EREICLDRD, ZTa, X, +b (X, BEHAFARLSDENLZE, bITER 205
FEIEDRDD. @so-3s0. HE FEBD . EER (T + T BRUT, KDOWTH
Aan-sr EFRRIT, BEH I ARG OFESECLOHEICLORD S, 2272 a icD
WO AEC @RI al) ZERERL. BRRICESEHFICIORD S, &
SNBRRER LITRY,

0200



&1 (1/4)

SRFEGI1 | RiEFI2 | HLERB | REEGIS | SUEGI4 | REEGIS | RIEMI6 | RIEGIT | RIEMS | RHEFO

mol% mol% mol% mol¥ mol% mol% mol¥ mol% mol% mol%
§i0. 70.5 7.1 70.0 71.6 72.1 2.1 72.1 70.0 70.5 70. 8
Al. 05 10. 1 9.5 1.0 9.0 8.5 7.8 9.5 10.5 9.8 9.7
B.0s 6.7 6.2 7.0 5.6 5.1 4.6 5.1 6.9 6.8 6.6
Mg0 45 6.0 2.5 1.5 9.0 10. 5 8.0 3.8 30 0.0
Ca0 6.0 5.1 1.5 4.2 3.2 2.3 3.2 6.7 1.8 10.8
Sr0 2.2 2.1 20 2.1 2.1 2.1 2.1 2.1 2.1 2.1
Bal0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RO 12.7 13.2 12.0 13.8 14.3 14.9 13.3 12. 6 12.9 12.9
Si0; +Al. 05 80.6 80. 6 81.0 80.6 80. 6 80. 5 81. 6 80.5 80. 3 80.5
Si0.+ B2 0s 1.2 7.3 77.0 11.2 7.2 71.3 7.2 76.9 77.3 77.4
Al.0s4B.0s 16. 8 15. 7 18.0 14. 8 13.6 12.4 14. 6 17.4 16. 6 16.3
Al,0s/B20s L. 51 1. 53 157 1. 61 1. 67 L70 1. 86 1.52 1. 44 1. 47
¥g0/ Mg0+Cal) 0.43 0.54 0.25 0. 64 0.74 0. 83 0.71 0. 36 0.28 0.00
Sr0+Ba0 2.2 2.1 2.0 21 2.1 2.1 2.1 2.1 2.1 2.1
Total 100. 0 100. 0 100.0 100. 0 100.0 100. 0 100. 0 100.0 100.0 100.0
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g1 (2/4)

SHEH 1 | RAEGI2 | BRG] | SEHEGN3 | EMEH4 | EIEGI5 | M6 | SSHEGT | SIEEI 8 | 610
Ain-ot (0DI/C) 01 | o7 | 120 9. 1 8.6 8.2 7.3 1.3 | 113 11. 3
@sossen . 315 | 319 | 330 3.4 | 320 | 320 | 310 | 331 | 3.44 | 367
Dancee/ @so-sso | 321 | 3.04 | 3.64 .81 | 268 | 2.5 | 2.36 | 3.40 | 3.27 | 3.09
avnRsvay 178 165 | 190 149 137 122 98 185 185 186
(ppm )
L (86 : g/cn’ ) 2.424 | 2424 | 2,424 | 2,436 | 2.435 | 2435 | 2.431 | 2439 | 2443 | 2 458
TH (C) 698 699 | 699 683 683 682 689 683 682 687
BAX () 750 751 | 751 147 748 746 756 748 144 744
T. () 1746 | 1750 | 1742 1773 | 1113 | 114 | 1781 1768 | 1778 1792
T. (C) 1332 | 1334 | 1332 1329 | 1327 | 1325 1343 | 1331 | 1335 1350
AW,c, mg /cn® ) 0. 03 0.03 0. 06 0. 05 0.05 0. 05 - - - -
AW, (mg /cn? ) 0.45 | 0.46 | 0.48 0.50 | 0.52 | 0.55 - - - —
WBHF 1% (25) o O . O O O - - - —
n. (@Pa-s) 100 °| 10%-c|10e- 2 | o104t 100-f| 100 ¢ - - - -
BARBE () 1331 1287 | 1300 1315 | 1355 | . 1345 — - - —
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&1 (3/4)

G0 | RIEGII] | RIEGII2 | SIEGIIS | M4

mol% mol% mol¥ mol% mol%
$i0, 70. 7 72.1 72.9 73.9 70.5
Al 0 9.6 10.8 9.0 8.0 10. 1
B» 0s 6.8 6.9 6. 3 6.3 6.5
Hg0 1.5 2.2 T 5.7 4.2
Ca0 9.3 4.0 2.0 4.0 5. 6
St0 21 4.0 2.1 2.1 3. 1
Ba0 0.0 0.0 0.0 0.0 0.0
RO 12.9 10. 2 1.8 1L 8 12.9
$i0, +A1, 0, 80. 3 82.9 819 81.9 80. 6
$i0, +B. 0 7.5 79.0 79.2 80. 2 7.0
Al, 0, +B. 0, 16. 4 17.7 15. 3 14,3 16. 6
Al 05 /B, 05 .41 1.57 1. 43 127 .55
Mg0/ Mg0+Ca0) | 0. 14 0. 35 0.79 0. 59 0. 43
Sr0+Ba0 2.1 4.0 2.1 21 3.1
Total 100. 0 100. 0 100. 0 100.0 100. 0
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‘Z R

T2ZEAL VN QUREEINEY I NLY V£ RACEA LA TS S FHEINN

OHEHMEIOFH THEMAROIWEY VALY VL SYIDSAT QI8 25D

QCLADNLEMBYL CHUCATRRYE R LA CRAWI 2 TR LEA

GMACSAFHHOTIAREI NN 2L >EIBWMRWE PIY £ KOOSR

8o Bk OTHH

81 (4/4)
KEEG10 | KRB | REHL2 | REGL3 | REM1L4
Aaa-s: (pp0/°C) 115 10. 4 8.4 8.5 10. 8
@sa-ss50{ XI107°%/ °C) 3. 56 3. 11 3. 31 3. 44 3. 67
Don-se¢/ Os0-350 3. 22 3. 33 2. 88 2.73 3. 21
arynoar (oo ) 187 180 130 131 182
FE (BE : g/cn’) 2. 449 2. 431 2. 439 2. 443 2. 458
ER (C) 683 689 683 682 687
®e/R (C) 142 756 147 741 748
'f'z c 1786 1806 1806 1829 1765
Ts (C) 1341 1391 1351 1365 1341
AWuc, mg /cn® ) - - - - -
AWg e (g /cn® ) - - - - -
fBHF & (B&) - - - - -
n. (dPa-s) - - - - -
RIERE (C) - - - - -
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Liehso T ZRPOH I RIL, T4 ATV BEIR, #iC, TOFEIIp—Si T
FTHRRENBT 754 I M) ZARL CDF 4 X7V BEBRDL S 73, s
B TIBEINDITLMND ST, BNRREENEREINDT 4 X711 m%*ﬁé; L
THELWN,

Fie, AN T a URFE—THoieE L TH. I AERD YA XK ELZBIFE,
HiFehk e UTORMEORBMNKELBED T, ZREDH S ATOIALNT T a D&
Rick B3R, KEOTF 4 A7 1 AERICBWTRIZELN,

FREOH T RIE. T4 AT VA BT AERE UTHFERRL REEER L TN S,
Thabb, BRE (BEE) OWAIRET A ATVAEFEDT 4 AT VA EERILTE,
FE - EPRRROO AT T ORESNIRE LITD ZENTED, 6L, ITOHDIYF
RN SNBEREICHT SHAMIZEN. £, S10. S iNy OLyF Y
AWSLNBNY 77— R7 vBICH T BHARICEN ST AT ERERHEtTE
B, MAT, KBLIZK WHSZADESh, BUEERE LTS L TES,
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RO

1. #BR (T.) HENSER (T.) HEXTOREFESICH 5 FEFEHRD
HELA an-s: (DDM/TC) &, 50~3 5 0CIZBV 3 BRI @ s0-350 (X 1
07°/C) & Dl (Asa-st /®so-350) A\ OLLE3. 6 AKMTH B & 2REE
THETIVHUHT R,
2. FEEUTUTOBRERLDRDETINAVHT R,
68%=Si10, =80%
0%=Al, 0:<12%
0%<B; 0 <7%
0%=MgO0O=12%
0%=Ca0O=15%
0%=Sr0=4%
0%<BaO=1%
5%<RO<18%
ZTT, %I LEREROGHZ100% & LEBEDENSTHD, ROEMegO
+Ca0O+SrO+Ba0OzE&LTWS,
3. FHELUTUTORMRERL DA ZE2MHHET2ROME 1 ICRRROET VD
UHI Rq
68%=Si0,=80%
0%=A1l, 0, <12%
0%<B, 0: <7%
0%=MgO=<12%
0%=Ca0O=15%
0%=Sr0=4%
0%=BaO=1%
5%<RO=18%
ZTT B LEHBREROSHEZL00X%ELEBEDEN%THD. ROIIMg O+
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CaO+SrO+BaO%&LTWA,
4. AERHRER (T.) BELSER (T..) HEETORERSICHT 2 EHERE
BOEEA sn-s¢ (DDM/TC) &, 50~350CIBIT2FEEEERE ¢so-ss0
(X107°/C) & Dk (Ausn-sr /@so-ss0) B O0LAE3. 5T THBHEROM
B 1 E7213 3 IO ET VA H S A,
5. BiECS 10, OEFHEHN6 8%=S 10, <7 5% THBFHROGE 2L 4
OWTIMNIECROET VAU H T R,
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Application No. Applicant(s)

11/478,493 ELLISON, ADAM J.G.
Office Action Summary Examiner ArtUnit

Matthew E. Hoban 1793

-- The MAILING DATE 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 3 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)X] Responsive to communication(s) filed on 04 August 2008.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)[] 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)X] Claim(s) 1-20 is/are pending in the application.
4a) Of the above claim(s) 18-20 is/are withdrawn from consideration.

5] Claim(s) ____is/are allowed.

6)] Claim(s) 1-17 is/are rejected.

7)[] Claim(s) _____is/are objected to.

8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] 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)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] 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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ___

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 8/4/2008. 6) |:| Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20081124
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Application/Control Number: 11/478,493 Page 2
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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:

(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:

SI02: 64.0-71.0
A1203: 9.0-12.0
B203: 7.0-12.0
MgO: 1.0-3.0
Ca0: 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 (CTE) over the temperature
range 0-300 °C which satisfies the relationship:

28 x 10-7/°C < CTE < 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 0 mol% and he teaches that
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SrO content as well as BaO content should be minimized because these oxides

negatively affect the glass density.

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.

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 g/cc
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The glass of Chacon is stated as having a density less than about 2.4 g/cc (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: 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 CTE 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 IS 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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[305] Atty Dkt: ADP-231 US (SP05-073) MAIL STOP AF- PATENT
: Response Under
37CFR §1.116
Expedited Procedure
Examining Group 1793

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. G. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 1793

Mail Stop AF

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
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
of Narita 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 ¢an 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 crystal 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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2

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.'

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 ¢laimed

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.” Jn re Woodruff, 919

F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990)....

Applicant respectfully submits that this is such a case. Submitied herewith is the
Declaration of Adam J. Ellison Under 37 CF.R. §1.132 (the Ellison Declaration), which
discusses the criticality of applicant's MgQO and RO/ALO5 limitations with regard to tin
fining and, in particular, the unexpected and abrupt increase in the number of blisters
that arises when the RO/ALOs 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
100,000 poises so that the glass could be manufactured by, for example, the fusion

process.

! 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 in 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 should be references to the Chacon patent.

PAGE 4/12* RCVD AT 3/30/2009 2:05:02 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-3/24 * DNIS:2738300 * CSID:2032541101* DURATION (mm-5s):02:12

0232



© 03/307/2009

14:05 2032541101 MAURICE KLEE

-3-

In the course of his work, 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/AI,Oj; 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 mol% MgO (Examples 8 and 21) and those examples have a RO/Al,O5 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/AJz0; 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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As can be seen in this figure, as the RO/ALOs ratio rises through 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 reveals that it only has a few data.
points close to the 1.00 value for the RO/Al;0; ratio. The Ellison Declaration prowd%
additional data that demonstrates the sensitivity of tin fining to the 1.00 value of the
RO/ALO; ratio.
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In particular, the experiments reporbed in the Ellison Declaration show that a
RO/ALLOs ratio of 1.00 is the cutoff for successful tin fining. Specifically, those
experiments show that a RO/ALO; ratio of 1.00 or above leads to successful tin fining
(assuming MgO = 1.0), while a RO/ALQ; 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 ti:e
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 amount of SrO was used in all of the experiments, which meant that for some of
the compositions, the RO/AL O3 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 data points show RO/AL,O; ratios, and the right hand vertical axis and the

diamond data points show blister levels,
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The sensitivity of the blister level to the RO/ALyO; ratio is immediately evident
from this graph, as is the criticality of the 1.00 value. When the RO/Al;03 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
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

Jacle case of obviousness based on ovetlapping 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/ALO; 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, réconsideration and the issuance of a Notice of Allowance
are respectfully requested.”

Respectfully submitted,

Date:_Z/20/0% %&&a—% ,%A-«

Maurice M. Klee, Ph.D.
Reg. No. 30,399
Attorney for Applicant
1951 Burr Street
Fairfield, CT 06824
(203) 255-1400

2 ubmitted herewith is a petition under 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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Response Under
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Expedited Procecure
Examining Group 1793

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J, Ellison
AppL.No.  : 11/478,493
Filed : June 28, 2006
For : FINING OF BOROALUMING SILICATE GLASSES
Examiner : M. Hoban
Group : 1793
DEC N UNDER 37 CRR §1.132

1, Adam J. Ellison, declare as follows:
1 Y am a Senior Research Associate in the Glass Research Department at
Corning Incorporeted (Corning). My education and experience in the field of glass

echnology is as follows. Ixeceived a bachelor's degree in geclogy chemistry from

Occidental College i 1983 and Masters and Ph.D. degrees from Brown University in
geological sciences in 1985 and 1988, respectively. I did post-doctoral research at
Prmceton University from 1988-1991 and worked in the Materials Science and
Cherical Techrology Division of the Argonne Nativoal Laboratory from 1994-1996.
In 1996, 1 joined the Glass Research Department at Corning, where I have been since
thar date. My work hag invelved glasses of various types, including glasses for liquid
crystal displays (LCDs), which I have worked on since first joining Coming.

2. I am the mventor of the above-identified application. I understand that in
an Office Action dated November 28, 2008, the pending clains of the applicaton were
rejocted for alleged obviousness based on Chacon et al., U.S. Patent No. 6,831,029
(Chacon), in view of Narita et al., U.S. Patent No. 6,468,933 (Narita). Iam 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, I was seeking glasses that could be
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fined vsing tin oxide and still had the strain point, CTE, and density properties desired
by manufacturers of liquid crystal displays ard a ligquidus viscosity greater than or equal
1o 100,000 poises so that the glass could be manufactured by, for example, the fusion
process.

3. In the course of my work, I found that in order 1o use tin fining it was
crivical that the glass have both 2 MgO content greater than or cqual 10 1.0 mole pezcent
and g RO/ALO; ratio greater than oz equal to 1.00, where AlyOj; is the mole percent of
ALO; and RO is the sum of the mole percents of MgO, Ca0, StO, and BaO in the glass.
The importance of this combination of compositional properties was not recognized
when the work anderlying the Chacon patent was performed and none of the 32
examples of that patent have both these properties.

4, The importance of baving the MgO content greater than or equal to 1.0
mole percent is discussed at, for example, paragraphs [0085] - [0088] of my published
application. FIG. 3 of my application shows the effect of the RO/ALOs ratio ¢n
inclusions (blisters) during tin fining. That figure only has a few data points close to the
1.00 value for this ratio. I make this declaration o provide additional data that
demonstrates the sensitivity of tin fining to the 1.00 value of the RO/ALO; ratio.

3 Jn particular, I make this declaration 1o report on experiments conducted
at Corning under my direction and supervision which demonstrate that a RO/ALO; ratio
of 1.00 is the cutoff for successful tin fining. These cxperiments show that a RO/ALO;
ratio of 1.00 or above leads to successful tin fining (assuming MgO 2 1.0), while a
RO/AL 0 ratio below 1.00 does not work, ko that the number of blisters per pound in
the glass rises 1o comrnercially un;scc'eptable levels,

6. The experiments were performed before those of FIG. 3 of ray
application, using the techpiques and equipment, i.e., the laboratory scale melter,
deseribed in paragraph [0107] of the application. The glass' base composition was that
of Example 24. The tin oxide concentration was 0.07 mole percent (0.14 wi%). Neither
arsenic nor antimony were used. The expexunents were copductad over a 31 day pedod
angd had originally been designed to test the effects of varying the relative amounts of
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the alkaline earth oxides in the glass, while holding the sum of those oxides constaat.
However, through a batching error, the same amount of SrQ was used in all of the
experiments. which meant that for some of the compositions, the RO/ALO; dropped
below 1.090.

7. Auached as Exhibit A is 2 graph of the daia obtained foom these
experiments, where the horizontal axis shows the day of the experiment, the left hand
vertical axis and the triangular data points show RO/ALO; ratios, and the right hand
vertical axis and the diamond data points show blister levels.

8. The sensitivity of the blistex level to the RO/ALO; ratio is immediately
evident from this graph, as is the criticality of the 1.00 value. When the RO/AL O,
dropped below 1.00, even by just a hundredth, the blister level inmmediarely jumped up,
e.8., to levels of 2 blisters/pound and above. As known in the art, such blister levels are
commercially unacceptable for the production of large substrates for liquid crystsl
displays. |

9. In summary, the data of Exhibit A demonstrates that commercial practics
of tin fining for glasses having a MgO content greater than or equal to 1.0 mole percent,
requires a RO/ALO; ratio greater than or equal to 1.00. Neither the Chacon patent por
the Natita patent containg any disclosure of this eritical requiremen for the successful
practice of tin fining.

10. X further declare that all statements made herein of my own knowledge
are troe and thas 1l statements made on information and belief are believed to be true;
and fuxther that these statements were rade with the knowledge that willful false
staternents and the like 50 made are punishable by fine or imprisonment, or both, ander
section 1001 of Title 18 of the United States Code, and that such wiJlful false statements
may jeoperdize the validity of the application or any patent issuing thereon.

sfzef2009 %—)

<
(Date)/ Adam 1. E&sb
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ADDRESS. SEND TO: Commisgsioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTC-8139 and select option 2.
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Unaer the gaperwork Reduction Act of 1995, no poreona are required 1o raspond to & exlection of information undess it displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)

o FY 2009 ADP-231 US
{Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4813).)
Application Number 11/478,493 Filed June 28, 2006
For  FINING OF BOROALUMINO SILICATE GLASSES
Art uUnit 1793 I Examiner M. Hoban
This is a request under the provisions of 37 CFR 1.136(a) to extend the period for flling a reply in the above identified
appfication.
The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):
Fee Small Entity Fee

One month (37 CFR 1.17(a)(1)) $130 $65 s13000

[} Two months (37 GFR 1,17(aX2)) $490 $245 $

D Three months (37 CFR 1.17(a)3)) $1110 $555 $

[} Four months (37 CFR 1.17(a)(4)) $1730 $865 $

1 Five months (37 CFR 1.17(aX5)) $2350 $1175 5

[] Applicant claims small entity status. See 37 CFR 1.27.

[] A check in the amount of the fee is enclosed.

] Payment by credit card. Form PTO-2038 is attached.

[ me Directpr has already been authorized to charge fees in this application to a Depasit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 111138 .

WARNING: Information on this form may bocome public. Credit card information should not be Included on this form.
Provide credit card information ang authorization on PTO-2088.

I am the D applicant/finventor.

D assignee of record of the entire interest, Sea 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTQ/SB/96).

D attomey or agent of record. Registration Nurmnber

attorney or agent under 37 CFR 1.34.
Reggtraﬂongnumber if acfing under 37 CFR 1.34 30399

y 7 772 %e__.- March 30, 2009

Signature Date
Maurice M. Klee {203) 256-1400
Typed or printed name Telephone Number

NOTE: Signatures of all {he inventors or assignees of record of the entire interest or their represcrtative(s) are cequired. Submit multiple forms if more than one
signature is requited, see below. ’ e

[J Totatof forms are submitted.

This collestion of informeation i3 required by 37 CFR 1.136(a). The informstion is required to obtain or ratsin a benefit by the public which I3 to the (s
USPTO 1 procass) an application. Confidentiality is gowemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This ¢ollection i3 eatimatad 1o take & minutes to
complete, including gathering, preparing, and submitting the completed appicakion form to the USPTO. Time will vary depending upon the mdimdua_i case. Any
comaments on the amount of time you requirs to compiete this torm and/or suggesfions for reduding this burdén, shauld be sent to the Chief Information Officer,
U.S. Petent and Trademark Office, U.S. Department of Commerca, P.O. Box 1450, Alexandiis, VA 22313-1430. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. S8END TO: Gommissionar for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistanca in compleing the farm, call 1-800-PTO-8188 and sefect option 2.
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*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
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Substitute for Form PTO-875 11/478,493 06/28/2006 | [ o be Mailed
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If the specification and drawings exceed 100
sheets of paper, the application size fee due
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A?’F;PCLF'(&TJSN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
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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.
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‘ ‘ Ezarnining Group 1793
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. Ellison
AppLNo.  : 11/478,493
Filed : June 28, 2006
For : FINING OF BOROALUMING SILICATE GLASSES
Examiner : M. Hoban '
Group : 1793

DEC N AM J, ELLISON UNDER 37 CFR. §1.132

1, Adam J. Ellison, declare as follows:

1. T am a Senior Research Associate in the Glass Research Department at

Corning Incorporeted (Coming). My education and experience in the field of glass
technology is as follows, Irxeceived a bachelor's degree in geology chemistry from
Occidental College in 1983 ind Mesters and Fb.D. degrees from Brown University in
geological sciences in 1985 and 1988, respectively. Idid post-doctoral research at
Princeton University from 1988-1991 and worked in the Materials Science and -
Chemical Technology Division of the Argomme National Laboratory from 1994-1996.
In 1996, 1 joined the Glass Regearch Departznent at Corning, where I have been since
that date. My work has invelved glasses of variouns types, including glasses for Yiquid
erystal displays (LCDs), which I have worked on since first joining Coming,.

2. T am the inventor of the above-identified application. I understand that in
an Office Action dated November 28, 2008, the perding claims of the application were
rejeced for alleged obviousness based on Chacon et al., U.S. Patent No. 6,831,029
(Chacon), in view of Narita et &}, U.S. Patent No. 6,468,933 (Narita). Iam 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, I was seeking glasses that could be
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2.

fined nsing tin oxide and still had the steain point, CTE, and density propenties desired
by manufacturers of liquid crystal displays ard a fiquidus viscosity greater than or equal
to 100,000 poises so that the glass could be manufactured by, for example, the fusion
process.

3. In the course of sy work, I found that in order to use tin fining it was
crivical that the glass have both a MgO comtent greater than or cqual 10 3.0 mole pezcent
and a RO/AL;O; tatio greater than o7 equal to 1.00, where AlyO; is the mole percent of
ALO; and RO is the sum of the mole percents of MgO, Ca0, SrO, and Ba0 in the glass.
The importance of this combination of compositional properties was not recognized
when the work anderlying the Chacon patent was performed and none of the 32
examples of that patent have both these properties.

4, The importance of baving the MgO content graater than or equal 10 1.0
mole percent is discussed at, for example, paragraphs [0085] - [0088] of my published
application. FIG. 3 of my application shows the effect of the RO/ALLO; ratio on
inclusions (blisters) during tin fining. That figure only has a fow data points close ta the
1.00 value for this ratio. I make this decleration to provide additional data that
demonstrates the sensitivity of tin fining to the 1.00 value of the RO/ALO; ratio.

3. In particular, I make this declaration to report on expetiments conducted
a1 Corning under my direction and supervision which demonstrate that a RO/AJ;O; ratio
of 1.00 is the curoff for snecessful tin fiing. These experiments show that a RO/ALO;
retio of 1.00 or above leads to successful tin fining (assuming MgO 2 1.0), while a
RO/AL:O5 ratio below 1.00 does not work, m that the number of bilisters per pound in
the glass rises to commercially \m;u:c’eptable levels,

6. The experiments were performed befare those of FIG. 3 of xay
application, using the techpiques and equipment, i.e., the laboratory scale melter,
described in paragraph [0107] of the application. The glass' base composition was that
of Example 24. The tin oxide concentration was 0.07 mole percent (0.14 wt%). Neither
arsenic nor antimony were used. The expediments were copducted over 2 31 day pedoed
and had originally been designed to test the effects of varying the relative amounts of

PAGE §/12* RCVD AT 3/30/2009 2:05:02 PM [Eastern Daylight Time]* SVR:USPTO-EFXRF-5124 * DNIS:2738300 * CSID: 2032541101 DURATION fmm-ss):02-12

0245



b3/30/2009 14:06 2032541101 MAURICE KLEE #0382 P.010 /012

MAR. 26, 2003 5:31PM GLASS RESEARCH NO. 132 P 4

-3

the alkaline earth oxides in the glass, while holding the sum of those oxides constant.
However, thtough a batching error, the same awount of SrQ was used in all of the
experiments, which meant that for some of the compositions, the RO/ALO; dropped
below 1.00.

7. Auached as Exhibit A is a graph of the dais obtained from these
experiments, whers the horizontal axis shows the day of the experiment, the left hand
vertical axis and the wiangular data points show RQ/ALOs ratios, and the right hand
vertical axis and the diamond data points show blister levels.

8. The sensitivity of the blister level o the RO/ALO; ratio is immediately
evident from this graph, as is the criticality of the 1.00 value. When the RO/ALO;
dropped below 1.00, even by just a hundredth, the blister level innmediately jumped up,
¢.£., to levels of 2 blisters/pound and above, As known in the art, such blister levels are
commerciaily unacceptable for the production of large substrates for liquid crystal
displays. '

9. In summary, the data of Exhibit A demonstrates that commercial practice
of tin firing for glasses having a MgO content greater than or equal to 1.0 mole percent,
requires 2 RO/ALO; ratio greater than or equal to 1.00. Neither the Chacon patent por
the Narita patent contains any disclosure of this critical requirement for the successful
practice of tin finting.

10. X further declare that all statements made berein of my own knowledge
are troe and thas 21l statements made on information and belief are believed to be true;
and further that these statements were roade with the knowledge that willful false
statermnents and the like so made are punishzble by fine or imprisonment, or both, ander
section 1001 of Title 18 of the United States Code, and that such willful false statements
way jeopardize the validity of the application or any patent issuing thereon.

s[ze (2009 @,/éz\\—)
(Darte)/ ’ Adsm]. E&hsb
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Application No. Applicant(s)
Advisory Action 11/478,493 ELLISON, ADAM J.G.
Before the Filing of an Appeal Brief Examiner Art Unit
Matthew E. Hoban 1793

--The MAILING DATE 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. [[] 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) & The period for reply expires 4 months from the mailing date of the final rejection.
b) |:| 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. |:| 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

3.1 The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because

(a)|:| They raise new issues that would require further consideration and/or search (see NOTE below);

(b)|:| They raise the issue of new matter (see NOTE below);

(¢) O 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)|:| They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: __ . (See 37 CFR 1.116 and 41.33(a)).

4.[] The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).

5. ] Applicant's reply has overcome the following rejection(s):

6. Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the
non-allowable claim(s).

7. |:| For purposes of appeal, the proposed amendment(s): a) [] will not be entered, or b) [] 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. [X] 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. [] 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 all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it is hecessary and was not earlier presented. See 37 CFR 41.33(d)(1).

10. [] 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. [X] The request for reconsideration has been considered but does NOT place the application in condition for allowance because:

See Continuation Sheet.
12. [ Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s).
13. [ 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

0250



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.
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APR 2 8 2009
(03-09)

PTOISE/A0
Aporoved for use through 0472012009, OMB 0651-0031
us PMa;dTmmm us. DEPARTMENTOFCOMMBRCE

fo | Application Number 11/478,493
r
; et Filing Date June 28, 2006
Continued Examination (RCE) - .
Transmittal First Named Inventor | Ellison

Address to: ) 793

Mail Stop RCE Ast Unit

Commissioner for Patents . M. Hoban

P.O. Box 1450 Examiner Name
\Alexandria. VA 223131450 . Attorney Docket Number ADP-231 US (SP05-073) _-/

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utiity or plant appfcsation filed prior to June 8,
1995, | 1985, or to arry desikin annﬁmﬁon Sea Instruction Sheet for RCEs (nat!o be submitied to ihe USPTO) on on page 2. 2.

_—'_

1. |Submisslon ngq_;gd under 37 CFR 1.114] Note: fftho RCElspmpet, any previously fled unentered amendments and
amendments enclosad with the RCE will be entared In the order in which they were flled uniess applicant instructs otherwise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, appmmmtmmquastnon—wtryofsuﬂ‘x

amendment(s).
['_"I Praviously submitied. If a final Office action is autstanding, any amendmants filed after the final Office action may be
- considered as a submission aven if this box is not chacked.

L % Consider the arguments in the Appeal Brief or Reply Briaf previously fled on
Other

b. |Z| Enclosed v
Amendment/Reply i. [:] Information Disclosure Statement (IDS)

ii. Afidavit(s)/ Dedlaratior(s) bv. Other Lettor, Petition for Extermion of Time
2

Suspension of action on the above-identified application is requestad under 37 CFR 1.103{c) for a
period of 3 months. (Patiod of suspersion shall ot exocoed 3 months; Fee under 37 CFR 1.17() required)

Other

U™

a
b.
The RCE fee under 37 CFR 1.17(g) is required by 37 CFR 1.114 when the RCE is filed,
meDwedormherebyauﬂumedtndmgethefoﬂowmgw anyundamaymemuffens.orcred'rtanyomaymemtn
Depos Account No. _111158 .

RCE fea roquired under 37 CFR 1.17(e)

m Extanslon of fime fee (37 CFR 1.136 and 1.17)

[/] other Susnension of action fee under 37 CFR 1.103(c) end 1.176))

b. D Chack in the amount of $ enclosed

G D Payment by credit card (Form PTO-2088 enciesed)
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit

w
E

o
apr“H

card information and authorization on PT0-2038.
[ SIGNATURE OF%AWRNEY, OR AGENT REQUIRED h
Signature -~ | Date April 28, 2009
M'aurieo M. Kles - Registration No. _33399_——__1

Name (Prirt/Type) ! i
CERTIFICATE OF MAILING OR TRANSMISSION
a3 firat ciasa mad in an envelope:

| heseby cartify thet this comespondence is being deposited with the United States Poatal Service with sufficiant
addressed t0; Mall Stop RCE, Commissionet for Patenis, P. O. BoxX 1450, Alexandria, VA22313-1450whau7m o the U.8, Patont and Trademark

Office on the date - -
N T I T
[ Name PimType) | Maurice M. Kise Baie Aol 28, 2009
., Sp————————————
This ¢oBiection of infamation is ired by 37 CFR 1.114. The Information is regquiredt to erMnabunﬁtbympuulcmnchisbﬁle(amwm (¢]
mmz)gwmmmw is govemed by 35 U.8.C. 122 and 37 CFR 1.11 arx 1.14, This collection i3 eatimated to taks 12 mimdes o compiete,
including gathering, proparing, and submitfing the completad appication form to the USPTO. Time will vary depanding upon the individual casa. Any cemiments on
the amount of time you require o complate this form and/or suggestons for q this burd iy “bcsaiwmmefltfwmmnom .S, Paterd and
Tradamark Office, U.S. Dupamdemnmw. P.0. Box 1450, Alexandiia, VA 225131450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Mail Stop RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

I you need gssistancs in compiefing ihe form, call 1-800-PT0-9199 and select oplion 2.

84/29/2089 VBUI22  @BB@GEAI 111158 11478493

o 81 FC:1801 .
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APR 2 § 2008
PTOISE/22 (01-09)

for use through 02/28/2009, OMB 0651-0031
U.s. PmanﬂTradeﬂnsmOﬁw LS. DEPARMENT OF COMMERCE

Unger the paperwork Reduction Act of 1985, no paraons are required to resy toa of i 1 displays a valid OMB control number.
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)
FY 2009 ADP-231 US
{Fees pursuent o the Consofidated Appropriations Act 2005 F4R. 4813).)
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 1.1368(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):
Eee Small Entity Fee
] ©nemonth (37 CFR 1.17(a1)) $130 $68 $
[Z] Two months (37 CFR 1.17(a)(2)) $490 $245 $ 490-130=360
[:] Three months (37 CFR 1.17(a)3)) $1110 $565 $
[[] Four months (37 CFR 1.17(a)(4)) $1730 $865 S
[} Five months (37 CFR 1,17(a)(5)) $2350 $1175 % -
[ Applicant claims small entity status. See 37 CFR 127, B4/29/2689 VRUIZ2 9080881 111158 11478493

[] A check in the amount of the fee is enclosed. B2 FCz1252 369.68 0n

[C] Payment by credit card. Form PTO-2038 is attached.
[] The Director has already been authorized to charge fees in this application to a Deposit Account.

[¥] The Direcior is hereby authorized to charge any fees which may be required, or credit any overpayment, to
‘Deposit Account Number 111158

WARNING: Information on this form may bacoma public. Cretit card Informmtion shouid not be included on this form.
Provide cradit card Information and authorization on PT0O-2038.

tamthe [T] applicantinventor.

D assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/98).

D attormney or agent of record, Registration Number
aftorney or agent under 37 CFR 1.34,
- Registration 30399

) number if acting under 37 CFR 1,34
e sect 2o, April 28, 2009
' Signature T . . . Date
Maurice M. Klee (203) 255-1400
Typed or printed name Telephone Number

NOTE: Signatures of all the inventors of #ssigneas of record of the entire interest or thelr rpresentative(s) are required. Submit muttipls forms if more than one
signature i required, sec below.

] Totalof forms are submitted.

This of information is requaired by 37 CFR 1.135(a). The information is requ oblain or retain a beneft by the public which is to e (and by the
USPTO 1o proceas) an apphcation. Confidertiafily i8 govemead by 35 U,S.C. 122 and 37 CFR 1.11 and 1.14, msmmﬁmmﬁpemmw
m,mmm.mmmﬂwmmmwmmwmu@m Terne will upon the
comments on the amount of Gme yeu require to complets this form andlor suggestions for redueing this burden, baunmmcmawommm
U.S. Patent and Trademark Office, U.S, Depvtment of Ce , B.O. Bax 1450, Alexandris, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. S8END TO: ‘Commizsioner for Patam. P.O, Box 1460, Alexandria, VA 22313-1450,

¥ you need assistance in compieting the form, oall 1-800-PTQ-8799 and seiect oplian 2.
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[306] Atty Dkt: ADP-231 US (SP05-073) PATENT

REGEIVED
CENTRAL FAX 6ENTER
APR 2 8 2009
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. G. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES

Examiner : M. Hoban

Group : 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 37 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 37 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
1.136(a) for a period of two months. 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 thc 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.

84/29/2689 VBUIZZ  @0G6GE61 111158 11478493
83 FC:1464 136.88 DA
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2.

Since the final Office Action for this application was mailed on November 28,
2008, 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 Account No, 11-1158.

Respectfully submitted,

Date:_Yo8/07 TP Rescec s e
' 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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' IVED
cEN‘?E\?;EAX CENTER

APR 28 2009

[305] Aty Dkt: ADP-231 US (SP05-073) MAIL STOP AF- PATENT
: _ Response Under
37 CFR §1.116
Expedited Procedure
Examining Group 1793

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. G. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : . M. Hoban

Group : 1793

Mail Stop AF

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

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-
of Narita 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 2144.035 of the MPEP for the proposition that ovetlapping 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 crystal 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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2

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.!

Under the heading "Rebuttal of Prima Facie Case of Obviousness," Section
2144.05 of the MPEP stares 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 ¢laimed

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 Weodruff, 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. Elfison Under 37 C.F.R. §1.132 (the Ellison Declaration), which
discusses the criticality of applicant's MgO and RO/ALO; limitations with regard to tin
fining and, in particular, the unexpected and abrupt increase in the number of blisters
that arises when the RQ/AJ;O;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 particular, Dr. Ellison was seeking glasses that could be fined using tin
oxide and stili 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.

! 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 & number of errors in the summary.
For example, independent Claim 9's ranges are not the same as those of independent
Claim 1 and the summarics 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 addidon, 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 to use tin fining it was
ctitical that the glass have both a MgO content greater than or equal to 1.0 mole percent
and a RO/AI;Oj; 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 mol% MgOQ (Examples 8 and 21) and those examples have a RO/ALO; ratio
below 1.00 and do not use tin fining.

The importance of having the glass’ MgQ 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/AL;O;3 ratio on inclusions (blisters) during
tin fining is illustrated in applicant's Figure 3, a copy of which is reproduced below.

As can be seen in this figure, as the RO/ALOs ratio rises through 1.00 (see the
triangular data points), the number of blisters/pound drops precipitously (sce 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/ALO; ratio. The Ellison Declaration provides
additional data that demonstrates the sensitivity of tin fining to the 1.00 value of the
RO/ALO; ratio.
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In particular, the experiments reported in the Ellison Declaration show that a
RO/ALOs ratio of 1.00 is the cutoff for successful tin fining. Specifically, those
experiments show that a RO/ALO; ratio of 1.00 or above leads to successful tin fining
(assuming MgO 2 1.0), while a RQ/ALO, 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.¢., 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 weze
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 amount of SrO was used in all of the experiments, which meant that for some of
the compositions, the RO/ALO3 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 data points show RO/ALOs ratios, and the right hand vertical axis and the
diamond data points show blister levels.
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The sensitivity of the blister level to the RO/AbO; ratio is immediately evident
from this graph, as is the criticality of the 1.00 value. When the RO/A1;0; 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
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
Jucie case of obviousness based on overlapping ranges by showing the criticality of the
claimed range.” Applicant respectfully submits that the dasa of Figwre 3 and Exhibit A
satisfyv 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
ROYAlLO; 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.?
- Respectfully submitted,
2/3 of27 %‘m %&_-
Manrice M. Klee, Ph.D.
Reg. No. 30,399
Aftomey for Applicant

1951 Burr Street
Fairfield, CT 06824
(203) 255-1400

? Submitted herewith is a petition wnder 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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MAR. 26. 2009 5:31PM GLASS RESEARCH NO. 132 P 2
[305] Anmy Dkt: ADP-231 US (SP0S-073) MAIL STOP AF- PATENT
Response Under
37CFR §1.116
Expedited Procedure
. Examining Group 1793
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant 5 Adam J. Ellison
Appl. No. = 11/478,493
Filed 2 June 28, 2006
For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban
Group : 1793
DECLARATION OF ADAM J. ELLISON UNDER 37 CER. §1.132

1, Ademn J. Ellison, declare as follows:

" 1. Yama Senior Research Associate in the Glass Research Department at
Comming fncorporeted (Coming). My education and experience in the field of glass
technology is as follows, Ixeceived a bachelor’s degree in geology chemistry from
Occideatal College in 1983 and Masters and Ph.D. degrees from Brown University in
geological sciences in 1985 and 1988, respectively. Idid post-doctoral research at
Princeton University from 1988-1991 and worked in the Materials Science and
Chemical Techmology Division of the Argorne National Laboratory from 1994-1996.

In 1996, I joined the Glass Research Department at Corning, where 1 have been since
that date. My work has involved glasses of varions types, including glasses for Kquid
crystal displays (LCDs), which I have worked on since first joining Coming,

2. I am the inventor of the above-identified application. Iunderstand that in
an Office Action dated November 28, 2008, the pending clajms of the application were
rejected for alleged obviousness based on Chacon et 8L, U.S. Patent No. 6,831,029
{Chacon), in view of Natite et al., U.S. Patent No, 6,468,933 (Natita). Tam one of the
inventors of the Chacon patent and the weork of the present application was performed to
kmprove the glasses of that patent. In particular, I was seeking glasses that could be
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2.

. fined nsing tn oxide and still had the strain point, CTE, and density properdes desired
by manufacturers of liquid crystal displays and a liquidus viscosity greater thap or equal
to 100,000 poises so that the glass could be manufactured by, for example, the fusion
process.

3. In the course of my work, I found that in order to use tin fiming it was
crivical that the glass have both a MgQ contemt greater than or equal to 1.0 mole percent
and a RO/ALO; ratio greater than or equal to 1.00, where AlzO; is the mole percent of
AL Oy and RO is the sum of the mole percents of MgO, Ca0, SrO, and BaO in the glass.
The importance of this combination of compositional properties was not recognized
when the work undexlying 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 tham or equal to 1.0
mole percent is discussed at, for example, paragraphs [0085] - [0088) of my published
application. FIG. 3 of my application shows the effect of the RO/ALOs ratio on
inclusions (blisters) during tin fining. That figure culy has a few data points close to the
1.00 value for this ratio. } make this declaration to provide additional data that
demonstrates the sensitivity of tin fining to the 1.00 value of the RO/ALQ; ratio.

3. In particular, I maks this declaration to repoxt on experiments condncted
at Corning under my dizection and supervision which demonstrate that a RQ/AlyO; ratio -
of 1.00 is the cnroff for successful tin fining. Theso experiments show that a RO/ALO;
ratio of 1.00 or above leads o successful tin fining (assuming MgO 2 1.0), while a
RO/ALO; ratio below 1.00 does not work, in that the number of blisters per pound in
the glass rises to commeteially unaccepteble levels.

6. The experiments were performed before those of FIG. 3 of my
applcation, nsing the techniques and equipment, i.¢., the iaboratory scale melter,
described in paragraph [0107] of the application, The glass’ base composition was that
of Example 24. The tin oxide concentration wag 0.07 mole percent (0.14 wt%). Neither
arsenic nor antimony were used. The experimens were conducted over a 31 day period
and had originslly been designed 10 test the effects of varying the relative amounts of
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the alkaline earth oxides in the glass, while holding the sum of those oxides constant.
However, through 2 batching emver, the same amount of SrO was used in all of the
experiments, which meant that for some of the compositions, the RO/A1O3 dropped
below 1.00. '

7. Autached a5 Exhibit A is a graph of the data obtained from these
experiments, where the horizontal axis shows the day of the experiment, ths left hand
vertical axis and the triangular data points show RO/ALO; ratios, and the right hand
vertical axis and the diamond data points show blister levels.

8.  The sensitivity of the blister level to the RO/AlO; ratio is immediately
evident from this graph, as is the criticality of the 1.00 value. When the RO/AIO;
dropped below 1.00, even by just 2 hundredth, the blister level immedistaly jumped up,
e.g., to levels of 2 blisters/pound and above. As known in the art, such blister levels are
comupercially unacceptable for the production of large substrates for liquid crystal
displays. ,
9. In summary, the data of Exhibit A demonstrates that commercial practice
of tin fining for glasses having a MgO content greater than orequafto 1.0 mole percent,
requires a RO/AILO, ratio greater than or equal to 1.00. Neither the Chacom patent pox
the Narita patent contains any disclosure of this critical requirement for the successful
prectice of tin fining.

10. Y further declare that all statements made herein of my own knowledge
are troe and that gll statements made on information and belief are believed to be true;
and furtber that these statements Were made with the knowledge that willful false
statements and the like so made ave punishable by fine or imprisonment, or both, under
section 1001 of Title 18 of the United States Code, and that such willful false statements
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[309] Atty Dkt: ADP-231 US (SP05-073) Patent

IN'THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. G. Ellison

Appl. No. ; 11/478.,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner :: M. Hoban

Group : 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. 6,831,029 (Chacon), in view of Narita 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
Incorporated (Corning), the assignee of this application, which along with Figure 3 of
the application, demonstrate that a RO/Al, O3 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/AL,O; 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 "Narita 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/Al,Os 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, J4).
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, 45).

The experiments reported in Dr. Ellison's supplemental declaration thus difter
from the Narita 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/ALO; > 1.00 limitation loses its criticality when tin
fining is combined with halide fining. That is, if bromine fining does not eliminate the
criticality, then 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 shows the eftects of varying the RO/ALO; ratio for glasses employing both tin
and halide fining. As discussed in the declaration, each of the glasses in these
experiments had 0.07 mole percent SnO; and either 1.04 wt.% (Examples 1-5 and 7) or

1.07 wt.% (Examples 6 and 8-9) bromine (Ellison Supplemental Declaration, 96.)

100% —
’Z MgO = 0 mole%
[ MgO =1 mole% |

[ MgO = 2 mole %|

80%

60%

40%

20%

Percent of Maximum Total Blister Count

0%

0.93 1.01
RO/AI;O3
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As s evident from this graph, the RO/AL,Os 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/ALOj; 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/ALO; ratio greater than or equal to 1.00 is critical for
successtul 1ining 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,

Date: 47/'4? %/l ? M %'

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 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/Al,O5 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/Al,O; 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/Al,O5 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/Al,O5 ratio was varied by
removing 0.5 wt.% or 1.0 wt.% AigOg and replacing it with CaO provided as calcium
carbonate. As shown in Exhibit A, each of the examples had 0.07 mole percent SnO,.

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 nﬁnirhum 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 0 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 Al;O3 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/Al,Oj5 ratio was
greater than that which would have been predicted from the changes in carbonate levels.

11. To isolate the effect of the RO/Al,05 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 0 moie 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/Al,05 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/Al,O; 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.

£
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Exhibit A




Compositions

(Mol %) 1 2 3 4 5 6 7 8 9
Si0, 69.3 69.3 | 69.3 | 69.03 | 69.03 | 69.03 | 68.78 | 68.78 | 68.78
AlbO; 10.8 10.8 | 10.8 | 10.46 | 10.46 | 10.46 | 10.11 [ 10.11 | 10.11
B0y 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 CaCOs) 9.1 8.1 7.1 971 | 871 | 771 | 10.31 | 9.31 | 831
CaO (from CaBry) 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
SnO, 0.07 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 } 0.07
RO/AILO 0.93 093 | 093 | 1.01 { 1.01 | 1.01 | 141 { 141 | 1.11
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Exhibit B




Blister Counts

Depth 1 2 3 4 5 6 7 8 9
1cm 16 27 36 2 10 6 4 8 7
3cm 18 26 8 2 7 11 3 5 8
5cm 8 22 11 2 6 15 1 1 3
7¢cm 7 27 48 5 2 16 i 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
1cm 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
1cm 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
7 cm 15 15 15 58| 132 15| 292 0 29
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2.[] Certified copies of the priority documents have been received in Application No.
3.[] 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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ___

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date ______. 6) |:| Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20091007
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DETAILED ACTION

Continued Examination Under 37 CFR 1.114
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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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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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 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 0 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/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.

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 g/cc

The glass of Chacon is stated as having a density less than about 2.4 g/cc (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 CTE of between 28 and 33E-7 and a liquidus viscosity of greater than about

200,000 poises.
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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
mMol%, 67% SiOz. 12% Al,Os, 7% B20s, 3% MgO, 9% CaO, 2% SrO. This composition

has an MO/AILOs 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 SnO, 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 Longi, 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 Al,Os greater than 1, and also having the

same properties as those seen in claims 7-8 and 11-12.
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Response to Arguments

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.
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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/ /Matthew E Hoban/
Primary Examiner, Art Unit 1793 Examiner, Art Unit 1793
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[315] Atty Dki: ADP-231 US (SP05-073) Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. G. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 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 Narita 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 Corning which, along with Figure 3 of this application, demonstrate that a
RO/AlLO; ratio of 1.00 is the cutoff for successful tin fining. In particular, the March
26th declaration showed that when the RO/A1,05 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/AL,O; 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
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.
(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
Corning 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+Sn0O 0.5%Cl 1.0%Cl 0.5%Cl1+Sn0O

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 of Nishizawa'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 SiO; and, importantly, for Al,Os.
As a result, the RO/ALOj 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, SO;, F, Cl and SnO, 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/AlL,O; ratios and MgO
concentrations which applicant found are critical to successful tin fining. Applicant
notes that Chacon also mentions SnO; 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 Fe,0;
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(11).)

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." Accordingly, reconsideration and the issuance of a Notice of

Allowance for the application are respectfully requested.

Respectfully submitted,

o £/13 /10 tpececee e o

Maurice M. Klee, Ph.D.
Reg. No. 30,399
Attorney for Applicant
1951 Burr Street
Fairfield, CT 06824
(203) 255-1400

! 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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Exhibit A




Component Molecular Wt.% # of Moles Mole%
Weight (Wt.%/MW) | (# of Moles/TotalMoles)*100
SiO; 60.084000 61.3 1.0202 67.914
Al,O3 101.961276 16.6 0.1628 10.837
B.Os 69.620200 7.4 0.1063 7.076
MgO 40.304400 1.8 0.0447 2.976
CaOl 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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[315] Atty Dkt: ADP-231 US (SP05-073)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban )

Group 1793

SUPPLEMENTAL DECLARATION OF
ADAM J. ELLISON UNDER 37 C.ER. §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 Coming:é 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 (S1 1 through S1 5) at increasing distances from the top of the melt. In
computing averages, the top slice (S1 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 SnO, to SnO so as to indic:ate 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 SnO,. Because Corning used nitrates as batch
components at this time, the redox ratio for the tin in the glass would have been simﬂar
to that associated with SnO; 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 1.0%C1 0.5%C1+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/Al,O3 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/A1,0O3 -- 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.

//‘8‘/2.0/@ OL//@T\“
7

(Date) ’ Adam J. Ellison /
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Application/Control Number: 11/478,493 Page 2
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:

(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
mMol%, 67% SiO,. 12% Al,Os, 7% B20s, 3% MgO, 9% CaO, 2% SrO. This composition

has an MO/AI,O3 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 SnO, 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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Application/Control Number: 11/478,493 Page 3
Art Unit: 1793

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 Longi, 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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Application/Control Number: 11/478,493 Page 4
Art Unit: 1793

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 Al,Os 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 7534734 are truly overlapping and thus obviate one another.

Thereafter, the ODP rejection is maintained. Applicants arguments that it would not
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Application/Control Number: 11/478,493 Page 5
Art Unit: 1793

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/AI203. 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 SiO, B,Os and Al,O3 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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Application/Control Number: 11/478,493 Page 6
Art Unit: 1793

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/ /Matthew E Hoban/
Supervisory Patent Examiner, Art Unit 1793 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 : Adam J. G. Ellison

Serial No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 1793

TERMINAL DISCLAIMER TO OBVIATE A
DOUBLE PATENTING REJECTION OVER A PRIOR PATENT

The owner, Corning 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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9.

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 all 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,

Respeethilly submitted,

N
§
N

ttng,,
Attty
e

e,

S § S
Thomas R. Beall
Reg. No. 40,424
Corning Incorporated
SP-T-03-1
Corning, New York 14831

(6073 974-3921

Date:

P41,
et tnrsr,,,

Srrteesl,,
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[321] Attorney Docket No. : ADP-231 US PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. G. Ellison

Serial No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 1793

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
In accordance with 37 CFR §1.56, 37 CFR §1.97(d), and 37 CFR §1.97(e)(1),

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 §1.98(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 of TW 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 §1.17(p) for this submission.
The Examiner is respectfully requested to initial a copy of PTO Form SB08a
submitted herewith and return it to applicant to indicate consideration of the reference
listed thereon in connection with the prosecution of this application.
Respectfully submitted,

Date: July 15, 2010 /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 : Adam J. G. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 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)  alisting 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:

Si0;: 64.0-71.0
AL O;: 9.0-12.0
B,0s: 7.0-12.0
MgO: 1.0-3.0
CaO: 6.0-11.5
SrO: 0-2.0
BaO: 0-0.1
wherein:

(a) 1.00 < Z[RO]/[AL,03] £ 1.25,
where [Al,O3] is the mole percent of Al,03 and Z[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 SnO,; and

(©) the glass has a density that is less than or equal to 2.41 grams/cm’.
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 Sb,0s.

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 As,Os.
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 As;Os.

Claim 6 (currently amended) An alkali-free glass comprising in mole percent on an

oxide basis:

Si0y: 64.0-71.0
ALO3: 9.0-12.0
B,0;: 7.0-12.0
MgO: 1.0-3.0
Ca0: 6.0-11.5
BaO: 0-0.1

wherein the glass has the compositional characteristics:

(a) Fhe glass-of Claim—1-wherein on an oxide basis, SrO is at most 1.0 mole

percent.

(b)  on an oxide basis, the glass comprises at least 0.01 mole percent SnQ,;

and
(c) 1.00 < ¥[ROJ/[ALO5] £1.25, where [ALO5] is the mole percent of
ALO; and £[RO] equals the sum of the mole percents of MgO, CaO, SrO, and BaO.

Claim 7 (currently amended) The glass of Claim [[1]] 6 wherein the glass has a

density that is less than or equal to 2.41 gralms/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;
(©) a linear coefficient of thermal expansion (CTE) over the temperature
range 0-300 °C which satisfies the relationship:
28x 107/°C < CTE < 34x 107/°C.

Claim 9 (original) An alkali-free glass comprising in mole percent on an oxide basis:

SiOy: 64.0-71.0
AlOs: 9.0-12.0
B,0s: 7.0-12.0
MgO: 1.0-3.0
CaO: 6.0-11.5
SrO: 0-1.0
BaO: 0-0.1
wherein:

Z[ROJ/[AL,O3] = 1.00,
where [Al,O3] is the mole percent of Al,O; and £[RO] equals the sum of the mole
percents of MgO, CaO, SrO, and BaO.

Claim 10 (original) The glass of Claim 9 wherein:
2[ROJ/[AL, O3] £ 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/cm’.

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)  astrain 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:
28x 107/°C < CTE < 34x 107/°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 As,Os3;
(b)  onan oxide basis, the glass comprises at most 0.05 mole percent Sb,03;

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

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.

Respectfully submitted,

Date: July 15,2010 /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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Approved for use through 07/31/2012. OMB 0651-0031
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Us-
Us-
Us-
FOREIGN PATENT DOCUMENTS
Examiner Cite | Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
Initials* No.! Date Applicant of Cited Document Where Relevant Passages
MM-DD-YYYY Or Relevant Figures Appear Tt
Country Code® "Number * “Kind Code® (if known)
Examiner Date
Signature Considered
o

*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. * Applicant’s unique citation designation number (optional). “See Kinds Codes of
USPTO Patent Documents at wwyy.usptc.gov or MPEP 901.04. ® Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. ®Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 6Applicant 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, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.
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PTO/SB/17 (10-08)

Approved for use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number

( Effective on 12/08/2004. Complete if Known )

Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818). 11478493

FEE TRANSMITTAL [Fingore Toune s 2008

For FY 2009 First Named Inventor | Ellison

Examiner Name M. Hoban
[ Applicant claims small entity status. See 37 CFR 1.27
Art Unit 1793
QOTAL AMOUNT OF PAYMENT | ($) 180.00 Attorney Docket No. |ADP-231 US W,

METHOD OF PAYMENT (check all that apply)

I:l Check |:| Credit Card |:|Money Order I:l None |:| Other (please identify):

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)

Charge fee(s) indicated below |:| Charge fee(s) indicated below, except for the filing fee

Charge any additional fee(s) or underpayments of fee(s) v | Credit any overpayments
under37CFR1.16and1.17 y pay

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
Small Entity Small Entity Small Entity
Application Type Fee ($) Fee ($) Fee ($) Fee ($) Fee (3)  Fee ($) Fees Paid ($)
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 Description Fee ($) Fee ($)
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 ($) Fee Paid Multiple Dependent Claims
-20 orHP = X = Fee ($) Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee ($) Fee Paid ($)
-3 orHP = 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 1.52(¢)), the application size fee due 1s $270 ($135 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee ($) Fee Paid ($)
-100 = /50 = (round up to a whole number) x =
4. OTHER FEE(S) Fees Paid ($)

Non-English Specification, $130 fee (no small entity discount)
Other (e.g., late filing surcharge): Fee under 37 CFR 1.17(p) for submission of an IDS 180.00

[ SUBMITTED BY

Registration No.

Telephone
(Attoney/Agent) 30399 P (203) 255-1400

Signature /Maurice M. Klee/

LName (Print/Type)| Maurice M. Klee Date July 15, 2010

This collection of information is required by 37 CFR 1.136. 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 30 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, call 1-800-PT0-9199 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

11478493

Filing Date:

28-Jun-2006

Title of Invention:

Fining of boroalumino silicate glasses

First Named Inventor/Applicant Name:

Adam J.G. Ellison

Filer:

Maurice M. Klee/Anya Klee

Attorney Docket Number:

ADP-231 (SP05-073)

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description

Fee Code Quantity Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

0341




Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Miscellaneous:
Submission- Information Disclosure Stmt 1806 1 180 180
Statutory disclaimer 1814 1 140 140
Total in USD ($) 320
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Electronic Acknowledgement Receipt

EFSID: 8025277
Application Number: 11478493
International Application Number:
Confirmation Number: 5778

Title of Invention:

Fining of boroalumino silicate glasses

First Named Inventor/Applicant Name:

Adam J.G. Ellison

Customer Number:

22928

Filer:

Maurice M. Klee/Anya Klee

Filer Authorized By:

Maurice M. Klee

Attorney Docket Number:

ADP-231 (SP05-073)

Receipt Date: 15-JUL-2010
Filing Date: 28-JUN-2006
Time Stamp: 16:07:54

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $320
RAM confirmation Number 2613

Deposit Account

111158

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
dp231_US_a_A d t 239743
1 Amendment After Final adpest_ _PaISF mendment. no 7
8bc3a3b12a3babctb619b852e63f113e31c
2f3da
Warnings:
Information:
dp231_US_a_Ti inal_Disclai ~08868
. . . . adp _ _a_ lerminal_bpisclal
2 Terminal Disclaimer Filed mer_SIGNED.pdf no 2
c3ec9b1a4676c82c2d50270f2624fd c4d3bi
S5ee2
Warnings:
Information:
. 443904
3 Miscellaneous Incoming Letter adp231_US_a_Fee Transmittal no 1
9 _sb0017-TD.pdf
ca54232da7cef51f48204dbd62e1d0eb40b
289%bc
Warnings:
Information:
63542
4 Transmittal Letter adp231_US_a_IDS_Letter.PDF no 1
f4571a3cbff429ca33ef2875cc7b3cd7e1318]
83c
Warnings:
Information:
. . 397219
5 Information Disclosure Statement (IDS) adp231_US_a_IDS_sb0008a. no 1
Filed (SB/08) pdf
6¢69509b91103d621ce000829a5ccc80198]
Warnings:
Information:
This is notan USPTO supplied IDS fillable form
. 443107
6 Miscellaneous Incoming Letter adp231_Us_a_Fee Transmittal no 1
9 _sb0017-IDS.pdf
d373644c1e8901edf41aad28aaa7edb2ac8
dbc72
Warnings:
Information:
31323
7 Fee Worksheet (PTO-875) fee-info.pdf no 2
969e14089004¢513a6¢2¢92162a4f2645dcd
Warnings:
Information:
Total Files Size (in bytes); 2127706
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** |If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 11/478,493 06/28/2006 | [ o be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a). (b). or (c))
[ seARcH FEE
(37 CFR1.16(. (). or (m) N/A N/A N/A N/A
|:| EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
é?%ﬁLREL'I'%I(,I\;I)S minus20= | * X$ = ORI X3 =
INDEPENDENT CLAIMS . N _ -
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
sheets of paper, the application size fee due
] pap: pp
A?’F;PCLF'(&TJSN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
- 07/15/2010 | Arrer PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
E AMENDMENT PAID FOR
E Total 7 cFr « 16 Minus | = 20 =0 Xs$ = OR | x $52= 0
E '2;’2‘;2”1‘??6?}1)) * 3 Minus | =3 =0 X$ = OR | x $220= 0
<§E l:l 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 ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
— AMENDMENT PAID FOR
Z | 1o erem . Minus | * = xs = oR [ xs =
2 e, |- Minus | - - xs = oR [xs =
E 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 ADDL
FEE FEE

Legal Instrument Examiner:

/PAMELA THERATT/

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, call 1-800-PT0O-9199 and select option 2.
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Application Number Application/Control No. sz)l(i:;r;;(:t)il::tent under
H‘ H“‘ ‘ ”““ “ 11/478,493 ELLISON, ADAM J.G.
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER X] APPROVED [] DISAPPROVED

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 STATES PATENT 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 | EXAMINER |
CORNING INCORPORATED HOBAN, MATTHEW E
SP-TI-3-1 | ART UNIT PAPER NUMBER |

CORNING, NY 14831 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.

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 TOWARD 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 If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. 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
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 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

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

22928 7590 08/10/2010
Certificate of Mailing or Transmission
CORNING INCORPORATED I hereby certify that this Fee(s) Transmittal is being deposited with the United
SP-TI-3-1 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
CORNING, NY 14831 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
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
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HOBAN, MATTHEW E 1793 501-066000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The 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).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(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 CEFR 1.311. 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 v. epending 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 toalt'f}lle 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 OMB control number.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT 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

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
22928 7590 08/10/2010 | EXAMINER |
CORNING INCORPORATED HOBAN, MATTHEW B
SP-TI-3-1 | ART UNIT PAPER NUMBER |

CORNING, NY 14831 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

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)

) . 11/478,493 ELLISON, ADAM J.G.
Notice of Allowability Examiner Art Unit
Matthew E. Hoban 1793

-- The MAILING DATE 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. [X] This communication is responsive to the Terminal Disclaimer and Amendments filed 7/15/2010.

2. X The allowed claim(s) is/are 1,2 and 4-17.

3. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[J Some* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ 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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] 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. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date .

(b) [ 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. ] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. X Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date 7/15/2010
4. [ Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance
of Biological Material
9. [] Other .
/Matthew E Hoban/
Examiner, Art Unit 1793
U.S. Patent and Trademark Office
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 Page 2
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/AIO3 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.
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Application/Control Number: 11/478,493 Page 3
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/ /Matthew E Hoban/
Primary Examiner, Art Unit 1793 Examiner, Art Unit 1793
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 11478493 ELLISON, ADAM J.G.
H“m ‘H ‘ “N“ H“‘ H“‘ — |
Matthew E Hoban 1793
4 Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | Interference 0] Objected
[d Claims renumbered in the same order as presented by applicant O cpa O T7.Db. O R.1.47
CLAIM DATE
Final Original |03/20/2008|07/30/2010
1 v =
2 v =
3 v -
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5 v =
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U.S. Patent and Trademark Office Part of Paper No. : 20100730
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OK TO ENTER: /M.H./ OK TO ENTER: M.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 : Adam J. G. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 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)  alisting 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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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

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

CLASS
252

SERIAL NUMBER
11/478,493

FILING or 371(c)
DATE
06/28/2006
RULE

GROUP ART UNIT
1793

ATTORNEY DOCKET
ADP-231 (SP05-073)

APPLICANTS
Adam J.G. Ellison, Painted Post, NY;

** CONTINUING DATA *+*+essssmiimiinbiohbikins
This appln claims benefit of 60/694,478 06/28/2005

*k FOREIGN APPLICATIONS kkkkhkdkhkhkhhhkhkhhkhkkhkhkkd

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
07/27/2006

Foreign Priority claimed D Yes QNO

35 USC 119(a-d) conditions met D Yes BNO

Verified and /MATTHEW E
HOBAN/

Examiner's Signature

STATE OR
COUNTRY

NY

D Met after
Allowance

/mh/

Acknowledged Initials

SHEETS
DRAWINGS

3 20

TOTAL
CLAIMS

INDEPENDENT
CLAIMS

3

ADDRESS
CORNING INCORPORATED
SP-TI-3-1
CORNING, NY 14831

TITLE
Fining of boroalumino silicate glasses

FEES: Authority has been given in Paper

|0 All Fees

|0 1.16 Fees (Fil

ng)

FILING FEE - -
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT [0 1.17 Fees (Processing Ext. of fime) |
1000 No. for following: |EI 1.18 Fees (Issue) |
|EI Other |
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Receipt date: 07/15/2010 114784893 - GAU: 1793

PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

_ Complete if Known N\
Substitute for form 1449/PTO
Application Number 11478493
INFORMATION DISCLOSURE el b June 25, 2000
First Named Inventor Ellison
STATEMENT BY APPLICANT At Unit 1793
(Use as many sheets as necessary) Examiner Name M. Hoban
\_ Sheet | [ of | Attorney Docket Number |ADP-231 US
U. S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No.! MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Codg? F kmwn Figures Appear
AMHA 1| Y5 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
Examiner Cite | Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
Initials* No.! Date Applicant of Cited Document Where Relevant Passages
MM-DD-YYYY Or Relevant Figures Appear Tt
Country Code® "Number * “Kind Code® (if known)
Examiner y Date ~ i
Signature /Maﬁhﬁw HObaﬂ/l Considered Gl /30/201 O

*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. * Applicant’s unique citation designation number (optional). “See Kinds Codes of
USPTO Patent Documents at wwyy.usptc.gov or MPEP 901.04. ® Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. ®Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 6Applicant 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, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 11475493 ELLISON, ADAM J.G.
m“ “‘ “‘ “ Examiner Art Unit
Matthew E Hoban 1793
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
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CROSS REFERENCE(S)
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Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
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(Assistant Examiner) (Date)
/C. Melissa Koslow/
Primary Examiner.Art Unit 1793 08/02/2010 0O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) L
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Attorney Docket No. : ADP-231 US PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Adam J. G. Ellison

Appl. No. : 11/478,493

Filed : June 28, 2006

For : FINING OF BOROALUMINO SILICATE GLASSES
Examiner : M. Hoban

Group : 1793

Date of mailing of Notice of Allowance
and Fee(s) Due: August 10, 2010

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Applicant notes that his X[RO]/[Al,O3] limitation, in relevant part, reads
"1.00 < £[RO]/[A1,05]" (independent Claims 1 and 6) or "£[RO]/[Al,03] > 1.00"
(independent Claim 9), and thus includes the case where £[RO]/[Al,O3] equals unity.
More generally, applicant assumes that the Examiner's Reasons for Allowance were not
intended to, and do not affect, the scope of his claims as written, including his right to
rely on the doctrine of equivalents in connection with those claims. The Examiner is

requested to notify applicant if this understanding is incorrect.

Respectfully submitted,

Date: November 4, 2010 /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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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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PLEASE NOTE: Unless uu assignee is identitied below, 5o assignee data will appear on the patent. If an assigaee is identified belosw, the document has been filed for
recordation as setforth in 37 CFR 3,11, Completion of this forre {5 NOT 2 substitute for filing an assignment,

(A) NAME OF ASSIGNER (8} RESIDENCE: (CITY and STATE OR COUNTRY)
Corning Incorporated Corning, New York

Please chack the appropriate assignee categury or categories {will not be printed on the pateut) : [ fudividuat B Coperation orother private grovp entiiy [ Government
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I ruttication Fee (No smuli entity discoun{ permiited) & Payment by credit cacd. Foom PTO-2038 is attached.
Eﬁ Advance Order - # of Copies :&} The Directer is hegeby authorized to charge ol {peis), any deticlency, i any

: eredit any
overpayment, to Liepasit Account Mumber U {enclose an extia copy of this form).

5. Change i Entity Status {from status indicated above}
Q a. Applicant claims SMALL ENTITY status. See 37 CFR 127, J b. Applicant is zo jonger claiming SMALL ENTITY status; See 37 CPR 1.27{g)(2).

NOTE; The Issue Pez and Publigation Pee (if sequired) willnot beaveepted from anyone other than e applicant; a registered aitorney or agent; or the assignee or other pusty in
interest a3 shown by the revordsiof the United States Patent and Trademark Otfice.

RS

pge November &, 201¢

Authorized Sigusture

Typed or printed name The

.‘.V. - TYem =y 41 A4
mag R. Beall Repistration Na, 40,424

This eoffection of information is required by 37 CFR 1.311, The information is rec{uired to obtaiy or retatn a benefit by the public which is to §ile {and by the USFTO 1o process)
an application. Confidentislity iz governed by 38 U.S.C, [22 and 37 CFR. 1,14, This collection is estimaied 1o take 12 minules to complete, including gatherdivg, preparing, and
subnntiing the completed application form to the USPTO. Time will vary depending upon the individual case. Ay conunents on the amount of time you requite to- complete
this form andfor suggestions for reducing this burden, should be sent to the C rief Tnformation Otficer, U.S, Patest and Trademark Otfice, U.S. Department of Commesce, P.O.
Box 1450, Alexsadria, Vieginin 223735350, DO NOT §END FRES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO! Commissioners {or Patents, P.O3. Hox 1456,
Alexandris, Virginis 22313-1450,

Vhader the Paperwork Redvetion Act of 1995, no persons ace reguired to respond 1o 2 collection of information yaless it displays a valid OMB control number.
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Electronic Patent Application Fee Transmittal

Application Number:

11478493

Filing Date:

28-Jun-2006

Title of Invention:

FINING OF BOROALUMINO SILICATE GLASSES

First Named Inventor/Applicant Name:

Adam J.G. Ellison

Filer:

Thomas Russell Beall/Susan Kane

Attorney Docket Number:

ADP-231 (SP05-073)

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1510 1510
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1810
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Electronic Acknowledgement Receipt

EFSID: 8780275
Application Number: 11478493
International Application Number:
Confirmation Number: 5778

Title of Invention:

FINING OF BOROALUMINO SILICATE GLASSES

First Named Inventor/Applicant Name:

Adam J.G. Ellison

Customer Number:

22928

Filer:

Thomas Russell Beall/Susan Kane

Filer Authorized By:

Thomas Russell Beall

Attorney Docket Number:

ADP-231 (SP05-073)

Receipt Date: 05-NOV-2010
Filing Date: 28-JUN-2006
Time Stamp: 15:12:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1810

RAM confirmation Number 1552

Deposit Account 033325

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

20101105_5P05-073_US_| 1063524
1 Issue Fee Payment (PTO-85B) Fee Tt _LtrB;;ue . 1

f9b70838964a1adc2a993677726a82b627!
9346

Warnings:

Information:

32129
2 Fee Worksheet (PTO-875) fee-info.pdf no 2
dbde7cae603d751be3b449d3fc321459a12)
0069
Warnings:
Information:
Total Files Size (in bytes); 1095653

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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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

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
11/478,493 12/14/2010 7851394 ADP-231 (SP05-073) 5778
22928 7590 11/23/2010
CORNING INCORPORATED
SP-TI-3-1

CORNING, NY 14831

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 101 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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 Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Adam J.G. Ellison, Painted Post, NY;

IR103 (Rev. 10/09)
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Attorney Docket No.: SPO5-073

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent Number: 7851394

Patentees: Adam J. Ellison

Serial No: 11/478493

Filed: June 28, 2004

For: FINING OF BOROALUMINO

SILICATE GLASSES

;
- Confirmation No.: 5778
Group Art Unit: 1793

Examiner: Matthew E. Hoban

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
H

REQUEST FOR CERTIFICATE OF CORRECTION FOR

PTO MISTAKE PURSUANT TO 35 US.C. § 25§ AND 37 CF.R § 1322

Commissioner for Patents

Attention: Ceriificale of Correction Branch
P.O. Box 1450

Alexandria, VA 22313-1430

Sir;

This is a request for the issnance of a Certificate of Correction in the above-identified

patent. Formn PTO 1050 is appended. The correction(s) involve(s) page(s)

The mistake(s) identified in the appended Form occurred through the fault of the
85, PL &

Patent Office, as clearly disclosed by the records of the application which matured into this

patent.

Issuance of the Certificate of Correction is requested.

Date: January 14, 2011

CEHRTIFICATE QF MAJLING OR TRANSMISSION
§ hereby certify that this paper and/or {ee or charge authorization
is betng transmiffed fo Mail Stop Certiticate of Correction
Branch, Commissioner {or Patents, P Bog 1450, Alexandsia,
VA 22313-14390, on Janpary {4, 2011, vial

{3 Express Mail Post Office to Addressee servire of the United
Siates Postal Ssrvice under 37 CTFR §1.10 (Express Mail
{.abel No. bR

I depositing with the United States Postal Service with
sufficient postapge s first class mait under 37 CFR §1.8;

{1 Faesiriie Teansmission uader 37 OFR §1.6(d) (Facsimife No.
¥

{3 the Electronis Filing System of the US. Patent and

Trademark Office under 37 CPFR §1.6(2}4}

Signature __»

Revised: February 2, 2009

Respectfully subniitted,
CORNING INCORPORATED
D ey

& SN
H

Thomas R. Beall
Attorney/Agent for Applicant
Registration No.: 40,424
Corning Incorporated
Intellectual Property Department
Mail Stop; SP-TI-03-1

Corning, NY 14831

Phone: (607) 974-3921
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(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. :7851394

DATED : December 14, 2010
INVENTOR(S) : Adam James Ellison, et al
CONF. No. 1 5778

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

No. Col. Line Description
1 21 38 Please delete “Al.O3:  19.0-12.0” and add --AlbO5:  9.0-12.0--

MAILING ADDRESS OF SENDER: PATENT NO. 7851394

Corning Incorporated No. of additional copies 1
Intellectual Property Department

Mail Stop: SP-TI-3-1

Corning, NY 14831



Electronic Acknowledgement Receipt

EFSID: 9234322
Application Number: 11478493
International Application Number:
Confirmation Number: 5778

Title of Invention:

FINING OF BOROALUMINO SILICATE GLASSES

First Named Inventor/Applicant Name:

Adam J.G. Ellison

Customer Number:

22928

Filer:

Thomas Russell Beall/Susan Kane

Filer Authorized By:

Thomas Russell Beall

Attorney Docket Number:

ADP-231 (SP05-073)

Receipt Date: 14-JAN-2011
Filing Date: 28-JUN-2006
Time Stamp: 14:07:57

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
20110114_SP05-073_US_Requ 548115
1 Request for Certificate of Correction est_for_Certificate_of_Correcti no 2
on.pdf 208bcS59b97ca3becectbed3807deddeds
390al

Warnings:

Information:
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Total Files Size (in bytes):| 548115

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,851,394 B2 Page 1 of 1
APPLICATION NO. : 11/478493

DATED : December 14, 2010

INVENTOR(S) : Adam James Ellison et al.

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 “Al,05:  19.0-12.0” and add --Al,Os: 9.0-12.0--

Signed and Sealed this
Thirty-first Day of May, 2011

David J. Kappos
Director of the United States Patent and Trademark Office
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