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COVER ASSEMBLY FOR ELECTRONIC DISPLAY DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. § 119(e) of U.S.
Provisional Application Serial No. 61/293034, filed on January 7, 2010.

Technical Field
[0002] The present disclosure relates to glass materials that can be used as in a cover
assembly for electronic display devices such as, for example, three-dimensional liquid crystal
(3-D LCD) displays. In particular, the disclosure is directed to an ion-exchanged glass article
having high strength and low retardance and which is suitable for use in such cover

assemblies.

Background
[0003] Electronic display devices such as 3-D LCD displays have become larger. The trend
towards display devices having larger surface area presents a continuing challenge regarding
design of some components of such devices.
[0004] One particular challenge is associated with the design of the cover assembly that is
used to shield the outer surface of the display. This design challenge generally arises from
conflicting design goals — the desirability of making the assembly lighter and thinner, and the
desirability of making the enclosure stronger and more rigid, while maintaining the quality of
the displayed image. Lighter cover assemblies, which typically use thin plastic structures and
few fasteners, tend to be more flexible, are prone to scratching, and have a greater tendency
to buckle and bow, whereas stronger and more rigid enclosures typically use thicker plastic
structures and more fasteners which are thicker and heavier and tend to degrade the quality,
measured in terms of retardance, of the displayed image. The increased weight of the
stronger, more rigid assembly may lead to user dissatisfaction, and bowing/buckling of the

lighter structures that may damage the internal parts of the display device.
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Summary
[0005] A cover assembly for an electronic display device such as, for example, a 3-D LCD
display, is provided. The cover assembly comprises an aluminosilicate glass substrate having
a thickness of less than 2 mm. the glass substrate has a retardance of less than or equal to 5
nm over an area of at least 170 in®, and a 4-point bend strength of greater than 150 MPa,

wherein the substrate is substantially free of retardance-induced visual defects.

Detailed Description
[0006] As is described herein below, the needs of the industry for more cost effective, larger,
stronger and aesthetically more pleasing electronic display devices are met through the use of
high strength, low retardance glass substrates as the cover assembly in such devices devices.
These glass materials possess certain advantages such as weight and/or resistance to impact
damage (e.g., denting) and scratching over the present materials such as plastic.
[0007] The vast majority of flat panel display technologies form an image by emitting or
reflecting light that is substantially polarized. Examples include, but are not limited to, liquid
crystal displays employing an output polarizer for generating an image and organic light
emitting diode displays employing circular polarizers for enhancement of contrast ratio in
sunlight.
[0008] Accordingly, a cover assembly for a display is provided. Such displays include, but
are not limited to, electronic displays such as three-dimensional liquid crystal (also referred to
herein as “3-D LCD”) displays, mobile or outdoor displays, public information displays, and
displays that are viewable using polarized lenses. The cover assembly serves to protect an
external surface of the display from damage, such as point impacts, scratches, and the like.
[0009] Regardless of the type of display, if a cover assembly is placed over the display,
optical retardance in the cover assembly will modulate the direction of polarization of light
emanating from the display. If the display is then viewed through a polarizing optical
element, spatial variations in the retardance may be visible as a non-uniform degraded image,
a defect commonly referred to as retardance mura (also referred to herein as “retardance’).
This arrangement is likely to be encountered in display applications such as outdoor public
information displays, where viewers often wear polarized sunglasses, and 3-D display
applications where polarizing elements are used to control separate images viewed by the left
and right eye, respectively. In the case of 3-D displays, retardance mura can also generate
crosstalk where the image intended for one eye is visible to the other eye, resulting in a

blurred image and loss of the intended 3-D stereo effect.
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[0010] In specific embodiments comprising a 3-D display, the cover assembly can be
incorporated as part of a liquid crystal optical modulating cell that is placed between the
display and the viewer. This type of display further requires the cover assembly to be
substantially free of cord, streak, or other surface defects that cause cell gap variation in
liquid crystal cell assemblies. Such variations, if present, generate retardance mura.

[0011] The cover assembly comprises an aluminosilicate glass substrate having a thickness
of up to about 2 mm and a four-point bend strength of greater than 150 MPa and, in some
embodiments, greater than 350 MPa. The cover assembly also has a retardance of less than
or equal to 5 nm over an area of at least 170 in> (about 1100 cm?, or equivalent to a display
having a 20 in (about 50 cm) diagonal) and is substantially free of retardance-induced visual
defects.

[0012] In some embodiments, the inherent retardance of the glass substrate is minimized by
controlling the size and periodicity of features that are inherent in the glass, such as cords.
Accordingly, the glass substrate, in some embodiments, comprises a cord (or cords) having
an average cord height of less than 20 nm over a period ranging from 2 mm up to 10 mm. In
addition to inherent retardance caused by the presence of cords, streaks or other surface
defects the retardance, in some embodiments, includes a thermally-induced component
(thermally-induced retardance) as well. To further minimize retardance, the variation of the
thickness of the aluminosilicate glass substrate can be controlled. In some embodiments, the
thickness of the glass substrate varies by less than 1 um/cm.

[0013] In some embodiments the cover assembly can further include at least one of an anti-
glare and an anti-reflective surface. Such surfaces may be formed directly on at least one
surface of the glass substrate by means known in the art such as, but not limited to, etching,
embossing, grinding, polishing, and the like. Alternatively, anti-glare and/or an anti-
reflective surfaces can be provided as coatings applied to at least one surface of the glass
substrate, wherein such coatings comprise anti-glare and/or anti-reflective materials that are
known in the art.

[0014] The cover assembly is, in some embodiments, resistant to scratching. In those
instances, for example, where the glass substrate is an ion-exchanged alkali aluminosilicate
glass, the glass substrate, when scratched with a Knoop diamond at a load of at least 5 N, is
free of damage due to chipping greater than three times the width w of the formed scratch.
[0015] The aluminosilicate glass material that is suitable for use as a substrate in the cover
assembly described herein is, in one embodiment, an alkali aluminosilicate glass. In another

embodiment, the aluminosilicate glass is an alkali-free aluminosilicate glass. Such glasses
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generally possess sufficient chemical and mechanical durability, for this application,
particularly when compared to plastic and other non-alkali glass based substrates.

[0016] The material selected generally depends on many factors including, but not limited to,
surface compressive stress and retardance. Formability, finishing, design flexibility, and
manufacturing costs associated with this glass material also factor into whether the particular
glass material is suitable for use as the cover assembly. Furthermore, the material selected
may also depend on aesthetics including color, surface finish, weight, retardance, and the like.
[0017] In one embodiment, the cover glass assembly comprises a glass substrate that is ion-
exchanged; i.e., the glass substrate has at least one ion-exchanged surface. The glass is
chemically strengthened by ion exchange in which smaller metal ions in the glass are
replaced or “exchanged” by larger metal ions of the same valence within a layer that is close
to the outer surface of the glass. The replacement of smaller ions with larger ions creates a
compressive stress within the layer. In one embodiment, the metal ions are monovalent alkali
metal ions (e.g., Na', K', Rb", and the like), and ion exchange is accomplished by immersing
the glass in a bath comprising at least one molten salt (e.g., KNOs, K»SO4, KCl, or the like)
of the larger metal ion that is to replace the smaller metal ion in the glass. Alternatively,
other monovalent cations such as Ag’, TI", Cu", and the like can be exchanged for the alkali
metal cations in the glass. Ton exchange process or processes that are used to strengthen the
glass are know in the art and include, but are not limited to, immersion in a single bath or
multiple baths of like or different compositions with washing and/or annealing steps between
immersions.

[0018] The ion-exchanged surface has a compressive layer having a depth of layer (DOL)
greater than or equal to 2% of the overall article thickness. In one embodiment, the glass
substrate has at least one ion-exchanged (“IX”) surface having a compressive stress of at least
500 MPa. Any ion exchange process known to those in the art is suitable as long as the
above DOL and compressive stress are achieved.

[0019] In one non-limiting example, the glass substrate of the cover glass assembly has an
overall thickness of 2 mm and compressive layer or DOL of 40pum, wherein the compressive
layer has a compressive stress of at least 525 MPa. Again, any ion exchange process which
achieves these features is suitable.

[0020] It should be noted that in addition to single step ion-exchange processes, multiple ion
exchange procedures can be utilized to create a designed IX profile for enhanced performance.
That is, a stress profile created to a selected depth by using ion-exchange baths of differing

concentration of ions, or by using multiple baths using different ion species having different
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ionic radii. Additionally, one or more heat treatments can be utilized before or after ion
exchange to tailor the stress profile by either further diffusing the ions or by relaxing areas of
high stress.

[0021] In one particular embodiment, the cover assembly comprises an ion-exchanged glass
substrate having a fracture toughness of greater than 0.7 MPa-m”, an MOR of greater than
350 MPa, a Vickers hardness of at least 600 kgf/mm?, a Young’s Modulus of greater than 70
GPa, a thermal conductivity of less than 2.0 W/m°C, a refractive index of greater than 1.5031
@633 nm, and a surface compressive stress of greater than 500 MPa.

[0022] This requisite fracture toughness in excess of 0.7 MPa'm”, in combination with the
surface compressive stress exceeding 500 MPa and the MOR of greater than 350 MPa, all
function to result in a cover assembly that is sufficiently strong and durable so as to withstand
typical consumer use/applications. One measure of this durability feature which the
aforementioned ion-exchanged glass article is capable of meeting is the ability of the ion-
exchanged glass article to withstand a standard drop testing requirement involving 5
impacts/drops from a height of one meter onto a hard surface such as concrete or granite.
[0023] In a still further embodiment, the cover assembly comprises a glass substrate that
exhibits a fracture toughness of greater than 0.7 MPa-m’4, and an MOR of greater than 475
MPa, preferably greater than 525 MPa.

[0024] Thermal conductivities at the aforementioned levels, particularly conductivities that
are less than 2 W/m°C, are likely to result in a cover assembly that remains cool to the touch
even in high temperatures approaching as high as 100°C. In one embodiment, the glass
substrate exhibits a thermal conductivity of less than 1.5 W/m°C. For comparison, it should
be noted that a ceramic such as alumina may exhibit thermal conductivities as high as 29.
[0025] In certain embodiments the glass substrate has a transparent surface. The transparent
surface of the glass substrate has a Ra roughness of less than 50 nm, and, in one embodiment,
less than 15nm. In order to achieve this level of surface roughness, the surface of the glass
substrate can be optionally polished using standard polishing techniques so as to achieve the
requisite surface roughness. Alternatively, the glass substrate can formed using a mold
having a polished or non-textured surface so as to achieve the requisite surface roughness.
[0026] A representative alkali aluminosilicate glass compositional family, suitable for use in
the cover assembly, comprises, in it’s broadest embodiment, in mole percent as oxides on a
batched basis, 40-80% Si0», 0-28% ALOs3, 0-8% B,03, 0-18% Li,O, 0-10% Na,O, 0-11%
K0, 0-16% MgO, 0-10% MgF», 0-8% CaO, 0-15% CaF,, 0-20% SrO, 0-12% BaO, 0-8%
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ZnO, 0-4% P»0s, 0-8% Ti0,, 0-5% Z1rO;, 0-1% SnO;,, 0-1 Sb,03, 0-1% As;Oz. As used
herein, the phrase “mole percent as oxides on a batched basis” means that impurities such as
iron, nickel, cobalt, and other elements can be present in the materials used to prepare the
glass and are not to be included or understood as being deliberately added to form the glass
composition unless desired for color.

[0027] In some embodiments, the suitable glass substrate of the cover assembly is an alkali
aluminosilicate that is capable of being down-drawn (e.g., slot-drawn or fusion-drawn) into
thin glass articles which can be subsequently formed into the cover assembly. The glass has
a liquidus viscosity of at least 130 kpoise which enables the glass to be down-drawn. As used
herein, “liquidus viscosity” refers to the viscosity of a molten glass at the liquidus
temperature, wherein the liquidus temperature refers to the temperature at which crystals first
appear as a molten glass cools down from the melting temperature, or the temperature at
which the very last crystals melt away as temperature is increased from room temperature.
[0028] In asecond embodiment, the alkali aluminosilicate glass comprises, consists
essentially of, or consists of the following oxides, the concentrations of which are expressed
in mole percent (mol%): 64 < Si0, < 68; 12 < Na,0 < 16; 8 < ALO; <12;0<B,03;<3;2<
K0 <5;4 <MgO <6; and 0 < CaO < 5. In addition, 66 mol% < SiO,+ B,0O3 + CaO < 69
mol%; Na,O + K,0 + B,O3+ MgO + CaO + SrO > 10 mol%; 5 mol% < MgO + CaO + SrO
< 8 mol%; (Na,O + B,03) — Al,O3 < 2 mol%; 2 mol% < Na,O — Al,O3 <6 mol%; and 4
mol% < (Na,O + K,0) — Al,O3 < 10 mol%.

[0029] In athird embodiment, the alkali aluminosilicate glass comprises, consists
essentially of, or consists of: 60-70 mol% SiO,; 6-14 mol% Al,O3; 0-15 mol% B,03; 0-15
mol% Li,O; 0-20 mol% Na,O; 0-10 mol% K,O; 0-8 mol% MgO; 0-10 mol% CaO; 0-5 mol%
Z10s; 0-1 mol% SnOy; 0-1 mol% CeO»; less than 50 ppm As»Os; and less than 50 ppm
Sb,03; wherein 12 mol% < Li;O + Na,O + K,0 <20 mol% and 0 mol% < MgO + CaO < 10
mol%. In a fourth embodiment, the alkali aluminosilicate glass comprises, consists
essentially of, or consists of: 61 mol % < Si0; <75 mol%,; 7 mol % < AlLO3 < 15 mol%; 0
mol% < By03; <12 mol%; 9 mol % < Na,0 <21 mol%; 0 mol % < K,0 <4 mol%; 0 mol%
< MgO <7 mol%; and 0 mol% < CaO <3 mol%. In a fifth embodiment, alkali
aluminosilicate glass comprises, consists essentially of, or consists of: 60-72 mol% SiO,; 9-
16 mol% Al,Os; 5-12 mol% B,03; 8-16 mol% Na,O; and 0-4 mol % K,O, and wherein the

Al 0,(mol%) + B,0,(mol%)

- >1, where Na,O and K,O are modifiers.
Z modifiers (mol%)

ratio
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[0030] Representative examples from each of the first, second, and third aforementioned
alkali aluminosilicate glass compositional ranges are provided in Table 1, with Example 1
being representative of the first and broadest compositional family and Examples 2 and 3
being representative of the second and third down-drawable compositions, respectively.
Additionally, disclosed in Table 1 are the following properties of each of the representative
compositions; Strain Point (Strain), Annealing Point (Anneal), Softening Point (Softening),

Density (Density) and Coefficient of Thermal Expansion (CTE).

Table 1
Ex.1 Ex. 2 Ex. 3
Composition
Wt%
Si0, 60.5 61.45 61.54
ALO, 17.0 16.4 16.24
Na,O 12.5 13 13.43
K,0 3.35 3.45 3.57
MgO 3.6 3.53 3.56
Ca0 0.5 0.39 0.5
B,0; 0.68 0.65
SnO, 0.023 0.014 0.48
710, 0.04 0.02
Fe,0, 0.025 0.02 0.02
TiO, 0.8
ASzo3 1.05 1.01
Sb,0; 0.15
Property
Strain (°C) 574 546 553
Anneal (°C) 624 598 602
Softening (°C) 875 833 837
Density (g/cm’) 245 2.45 2452
CTE (x107/°C, 0- 88 90 91.4
300°C)

[0031] In another embodiment, the glass substrate is an alkali-free aluminosilicate glass. in
particular embodiments, the alkali-free aluminosilicate glass comprises, consists essentially
of, or consists of: 64.0-71.0 mol% Si0,; 9.0-12.0 Al,Os; 7.0-12.0 mol% B,03: 1.0-3.0 mol%
MgO; 6.0-11.5 mol% CaO; 0-1.0 mol% SrO; and 0-0.1 mol% BaO, wherein Z[ROJ/[AL,O3] >
1.00.

[0032] In one embodiment, Z[ROJ/[AL O3] > 1.03), whereas in other embodiments, the
2[ROV/[ALOs] ratio is less than or equal to 1.25 and, preferably, less than or equal to 1.12.
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Also, the alkali-free aluminosilicate glass preferably has at least one (more preferably, all) of
the following compositional characteristics: (a) on an oxide basis, the alkali-free
aluminosilicate glass comprises at most 0.05 mole percent As,Oj; (b) on an oxide basis, the
alkali-free aluminosilicate glass comprises at most 0.05 mole percent Sb,Os; (¢) on an oxide
basis, the glass comprises at least 0.01 mole percent SnO».
[0033] In one embodiment, alkali-free aluminosilicate glass sheets (which can be
subsequently cut to form the glass substrate) are formed by a down-draw process (e.g., a
fusion draw process). In this process, batch materials are selected, melted, and fined so that
the glass making up the sheets comprises Si0,, ALOs, B,O3 MgO, and CaO, and, on an
oxide basis, has a Z[ROJ/[AL,Oz] ratio greater than or equal to 1.0; and a MgO content greater
than or equal to 1.0 mole percent (and preferably less than or equal to 3.0 mole percent. The
fining is performed without the use of substantial amounts of either arsenic or antimony (i.e.,
the concentrations of As;O3 and Sb,0s are each less than or equal to 0.05 mole percent). A
population of 50 sequential glass sheets produced by the down-draw 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.
[0034] Preferably, the glass making up the alkali-free aluminosilicate glass sheet is also
substantially free of BaO (i.e., the concentration of BaO is less than or equal to 0.05 mole
percent). Also, SnQs is preferably used in the fining.
[0035] In accordance with each of the foregoing aspects described herein, the alkali-free
aluminosilicate glass has some and, in some embodiments, 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 107/°C < CTE < 34x107/°C.

[0036] Specific representative examples of alkali-free aluminosilicate glass substrates from
each of these two aforementioned alkali-free aluminosilicate glass compositional ranges that
are incorporated into the cover assembly are listed in Table 2. Table 2 includes examples of
the alkali-free aluminosilicate glasses described herein and comparative glasses in terms of

mole percents, which are either calculated on an oxide basis from the glass batches (in the
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case of the crucible melts) or, for compositions prepared using a continuous melter,
determined from measurements on the finished glass. Table I also lists various physical

properties for these glasses, Units for the properties listed in Table 2 are 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

[0037] 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 CaCO; can provide the
source of SrO and CaO, respectively.

[0038] The specific batch ingredients used to prepare the glasses of Table 2 were fine sand,
alumina, boric acid, magnesium oxide, limestone, strontium carbonate or strontium nitrate,
and tin oxide

[0039] For examples 1-10 listed in Table 2, 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

orifice and was rolled into a ribbon approximately 5 mm thick and 30 mm wide. The glass
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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.

[0040] The glass properties set forth in Table 2 were determined in accordance with
techniques conventional in the glass art. Thus, the linear coefficient of thermal expansion
(CTE) over the temperature range 0-300°C is expressed in terms of x 10~7/°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.

10
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Table I
Composition 1 2 3 4 5 6 7 8 9 10

(mol%)
SiO, 69.06 68.64 68.01 68.46 69.28 69.08 68.88 69.11 68.52 67.80
ALO; 10.23 10.46 10.66 10.49 10.18 10.23 10.37 10.17 10.43 10.83
B,0s 9.97 9.90 10.11 9.99 9.79 9.88 9.79 9.96 10.01 9.90
MgO 1.87 1.82 1.84 1.84 1.85 1.88 1.96 2.22 1.21 2.18
Ca0 8.31 8.62 8.71 8.66 8.34 8.37 8.45 7.96 9.25 8.74
SrO 0.49 0.49 0.60 0.49 0.49 0.49 0.48 0.51 0.51 0.48
SnO, 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
> [RO]/[ALO5] 1.04 1.04 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

Properties
Density 2369 | 2374 | 2.378 2.375 2.369 [ 2371 2.375 | 2.367 2.371 2.384
CTE 31.2 31.5 32.3 31.5 31.1 31.2 31.8 31.1 32.2 32.1
Strain Point 665 664 667 666 666 665 668 664 665 667
Young's - - - - - - - - - -
Modulus
Melting 1637 1624 1616 1619 1644 1621 1630 1634 1627 1612
Temp.
Liquidus 1130 1115 1130 1120 1145 1135 1120 1115 1115 1120
Temp.
Liquidus 360000 [ 408000 | 275000 | 363000 | 233000 | 243000 | 408000 | 481000 | 448000 | 330000
Viscosity

[0041] Various modifications and variations can be made to the materials, methods, and

articles described herein. Other aspects of the materials, methods, and articles described

herein will be apparent from consideration of the specification and practice of the materials,

methods, and articles disclosed herein. It is intended that the specification and examples be

considered as exemplary.
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We claim:

1. A cover assembly for a display device, the cover assembly comprising an
aluminosilicate glass substrate having a thickness of less than 2 mm, a retardance of less than
or equal to 5 nm over an area of at least 170 in® (20 in diagonal), a 4-point bend strength of
greater than 150 MPa, and wherein the aluminosilicate glass substrate is substantially free of

retardance induced visual defects.

2. The cover assembly of Claim 1, wherein the retardance comprises a thermally

induced retardance component.

3. The cover assembly of Claim 1 or Claim 2, wherein the aluminosilicate glass

substrate further includes at least one of an antiglare surface and an anti-reflectance surface.

4. The cover assembly of Claim 1 or Claim 2, wherein at least one of the antiglare
surface and the anti-reflectance surface is a coating disposed over a surface of the

aluminosilicate glass substrate.

5. The cover assembly of any one of the preceding claims, wherein the thickness of the

aluminosilicate glass substrate varies by less than 1um/cm.

6. The cover assembly of any one of the preceding claims, wherein the aluminosilicate
glass substrate comprises a cord having an average cord height of less than 20 nm over a

period ranging from 2 mm to10 mm.

7. The cover assembly of any one of the preceding claims, wherein the aluminosilicate

glass substrate is an alkali aluminosilicate glass.

8. The cover assembly of Claim 7, wherein the alkali aluminosilicate glass comprises:
40-80% Si0O,, 0-28% AL O3, 0-8% B,03, 0-18% Li,0, 0-10% Na,O, 0-11% K,0,

0-16% MgO, 0-18% CaO, 0-15% CaF,, 0-20% SrO, 0-12% BaO, 0-8% ZnO, 0-4% P,0s,
0-8% TiO», 0-5% Z103, 0-1% SnO; and 0-1 SbyOs, 0-1% As>Os.
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9. The cover assembly of Claim 7, wherein the alkali aluminosilicate glass comprises:
64 mol% < Si0, < 68 mol%; 12 mol% < Na,O < 16 mol%,; 8 mol% < Al,03 <12 mol%; 0
mol% < B,03 <3 mol%; 2 mol% < K,O <5 mol%; 4 mol% < MgO < 6 mol%; and 0 mol% <
CaO < 5 mol%, wherein: 66 mol% < Si0, + B,O; + CaO < 69 mol%; Na,O + K,O + B,Os +
MgO + CaO + SrO > 10 mol%; 5 mol% < MgO + CaO + SrO < 8 mol%; (Na,O + B,0s) —
AlLO3 <2 mol%; 2 mol% < Na,O — Al,O3 < 6 mol%; and 4 mol% < (Na,O + K,0) — ALO; <
10 mol%.

10. The cover assembly of Claim 7, wherein the alkali aluminosilicate silicate glass
comprises: 60-70 mol% SiO;; 6-14 mol% Al,O3; 0-15 mol% B,03; 0-15 mol% Li,O; 0-20
mol% NayO; 0-10 mol% K,0; 0-8 mol% MgO; 0-10 mol% CaO; 0-5 mol% ZrO,; 0-1 mol%
SnOz; 0-1 mol% CeO»; less than 50 ppm As»Os; and less than 50 ppm Sb,Os; wherein 12
mol% < Li,O + Na,O + K,0 <20 mol% and 0 mol% < MgO + CaO < 10 mol%.

11. The cover assembly of Claim 7, wherein the alkali aluminosilicate silicate glass
comprises: 61 mol % < Si0; <75 mol%; 7 mol % < A,O3 <15 mol%; 0 mol% < B,03 <12
mol%; 9 mol % < Na,O <21 mol%; 0 mol % < K,0 <4 mol%; 0 mol% < MgO <7 mol%;
and 0 mol% < CaO < 3 mol%.

12. The cover assembly of Claim 7, wherein the alkali aluminosilicate silicate glass
comprises: 60-72 mol% SiO3; 9-16 mol% Al,Os; 5-12 mol% B,03; 8-16 mol% Na,O; and 0-

Al 0,(mol%) + B,0,(mol%)
> modifiers (mol %)

4 mol % KO, and wherein the ratio >1, where Na,O and K,0

are modifiers.

13. The cover assembly of any one of Claims 7-12, wherein the alkali aluminosilicate

glass is ion-exchanged.
14. The cover assembly of Claim 13, wherein the ion-exchanged alkali aluminosilicate

has a compressive surface layer having a depth of layer greater than or equal to 2% of the

thickness of the aluminosilicate glass substrate.
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15.  The cover assembly of Claims 13 or Claim 14, wherein the ion-exchanged alkali
aluminosilicate glass is free of damage from chipping, the damage having a size greater than

three times a width w of a scratch formed by a Knoop diamond at a load of at least 5 N.

16. The cover assembly of any one of Claims 13-15, wherein the ion-exchanged alkali

aluminosilicate glass exhibits a 4-point bend strength of greater than 350 MPa.

17.  The cover assembly of any one of the preceding claims, wherein the aluminosilicate
glass substrate has a liquidus viscosity of greater than 130,000 poise at temperatures below

1275°C.

18. The cover assembly of any one of Claims 1-6, wherein the aluminosilicate glass

substrate is an alkali-free aluminosilicate glass.
19. The cover assembly of Claim 18, wherein the alkali-free aluminosilicate glass
comprises: 64.0-71.0 mol% SiO,; 9.0-12.0 Al,O3; 7.0-12.0 mol% B,0s: 1.0-3.0 mol% MgO;

6.0-11.5 mol% CaO; 0-1.0 mol% SrO; and 0-0.1 mol% BaO, wherein Z[RO]/[AL,O3] = 1.00.

20.  The cover assembly of any one of the preceding claims, wherein the display device is

a 3-D LCD device.

21.  The cover assembly of any one of the preceding claims, wherein the aluminosilicate

glass is down-drawn.
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