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FLASH ANNEALING OF SILVER COATINGS

Field of the Invention

[0001] Provided herein are methods of flash annealing coatings for articles including
transparencies and optical devices.

Technical Considerations

[0002] Transparent conductive oxides (TCOs) are often used in production of
architectural and automotive transparencies, as a dielectric layer, as well as in electro-
optical devices, such as light-emitting diodes (LEDs), for example organic LEDs
(OLEDs), and solar cells, such as photovoltaic thin film solar cells. LEDs and OLEDs
are devices having an emissive layer that emits electromagnetic radiation, such as
visible light, in response to the application of an electric current. The emissive layer
is located between two electrodes (an anode and a cathode). When electric current
is passed between the anode and the cathode (i.e., through the emissive layer), the
emissive layer emits electromagnetic energy. OLEDs are used in numerous
applications, such as television screens, computer monitors, mobile phones, personal
digital assistants (PDAs), watches, lighting, and various other electronic devices. U.S.
Patent No. 9,627,652 describes OLED devices. Due to the versatility of TCOs in
architectural, optical, and optoelectronics, having a method of rapidly and
inexpensively producing unique physical, e.g., electrical and/or optical, attributes in a
TCO or semiconductor layer is most desirable.

[0003] Solar control coatings are known in the fields of architectural and automotive
transparencies. Those coatings block or filter selected ranges of electromagnetic
radiation, such as in the range of solar infrared or solar ultraviolet radiation, to reduce
the amount of solar energy entering the vehicle or building. This reduction of solar
energy transmittance helps reduce the load on the cooling units of the vehicle or
building. In automotive applications, the transparency (such as a windshield) is
typically required to have a relatively high visible light transmittance, such as greater
than 70 percent, to allow passengers to see out of the vehicle. For architectural
applications, the visible light transmittance can be lower. In some architectural
applications, it may be desirable to have a reflective outer surface so as to decrease
visibility into the building to retain as much privacy as possible, while still allowing
visible light to enter the building and also allowing the workers inside the building to

see out.



[0004] As will be appreciated by one skilled in the architectural art, glass is used typically in
either a tempered form or a non-tempered (annealed) form, depending upon the desired final use
of the glass. For annealed glass, the glass is heated to the annealing point of the glass and then
allowed to slowly cool to below the strain point of the glass. The annealed glass can be cut to
desired final dimensions, such as for a door, window, and the like. For even stronger glass,
tempering is used. Intempering, glass is heated above the annealing point of the glass and then
rapidly cooled, such as by directing a cooling medium at the glass, to provide the glass with an
exterior compressive force and an interior tensile force. Tempered glass is much stronger than
annealed glass and is used where safety is an important factor. However, unlike annealed glass,
tempered glass cannot be cut or it will shatter. Therefore, where tempered glass is desired, the
glass must be cut to the desired final dimensions before tempering.
[0005] A conventional building may require both annealed (non-tempered) and tempered glass
pieces with solar control coatings. For example, annealed glass with a solar control coating may
be used on the lower floors while tempered glass with a solar control coating is used on the upper
floors for increased safety. Both the coated annealed glass and the coated tempered glass should
have the same or very similar optical characteristics so that the building maintains the same
overall aesthetic appearance. This causes a problem for coated glass manufacturers. Tempering
the coated glass pieces can result in the tempered products having different color or optical
characteristics than the original annealed products due to changes in the coating caused by the
extra heating and rapid cooling steps required to temper the glass. This difference in color or
other optical properties, such as transmittance or reflectance, between the coated tempered glass
and the coated annealed glass is not desirable if the annealed and tempered products are to be
used in the same building.
[0006] Matching glass aesthetics is difficult. As a consequence, it would be desirable to have
a method of treating coated glass sheets in a manner that alters aesthetics of the glass to match
that of tempered glass sheets, permitting two types of glass to be used in the same building
without significant differences in aesthetics between the two types of glass.

SUMMARY
[0007] The present disclosure refers to a method of producing a coated transparency. The

method comprises depositing a stack of thin layers on



a transparent substrate, the stack comprising a first dielectric layer over at least a portion of the
substrate; a first discontinuous metal layer over at least a portion of the first dielectric layer; and
a first primer layer over at least a portion of the first discontinuous metal layer; and flashing the
transparency at a temperature ranging from 10°C to 50°C or ranging from 20°C to 30°C, with a
single flash of non-coherent light in the visible spectrum with an intensity ranging from 1 J/cm2 to
7 Jicm2 for a pulse length of up to 10 ms, thereby increasing visible light transmittance of the
transparency.
[0007a] In one aspect, the present disclosure refers to A method of producing a coated
transparency, comprising
a. depositing a stack of thin layers on a transparent substrate, the stack comprising a first
dielectric layer over at least a portion of the substrate; a first discontinuous metal layer
over at least a portion of the first dielectric layer; and a first primer layer over at least a
portion of the first discontinuous metal layer, thereby forming the coated transparency;
and
b. flashing the coated transparency of the depositing step at room temperature, with more
than one flash of non-coherent light in the visible spectrum with an intensity ranging from
1 J/cm? to 7 J/cm? for a pulse length of above 0 ms and up to 10 ms, thereby increasing
visible light transmittance of the coated transparency.

[0008] According to another example of the disclosure, a method of flash annealing a
transparency is provided wherein, the transparency comprises: a transparent substrate, a first
dielectric layer over at least a portion of the substrate, a first continuous metal layer over at least
a portion of the first dielectric layer, a first primer layer over at least a portion of the first metal
layer, a second dielectric layer over at least a portion of the first primer layer, a second continuous
metal layer over at least a portion of the second dielectric layer, and a second primer over at least
a portion of the second metal layer, comprising, flashing the transparency at a temperature
ranging from 10°C to 50°C or ranging from 20°C to 30°C, with a flash of non-coherent light in the
visible spectrum with an intensity ranging from 1 J/cm? to 7 J/cm? for a pulse length of up to 10
ms, thereby increasing visible light transmittance or decreasing emissivity of the transparency.

[0008a] In another aspect, the present disclosure refers to a method of flash annealing a
transparency, the transparency comprising: a transparent substrate, a first dielectric layer over at
least a portion of the substrate, a first metal layer over at least a portion of the first dielectric layer,
a first primer layer over at least a portion of the first metal layer, a second dielectric layer over at

least a portion of the first primer layer, a second metal layer over at least a portion of the
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second dielectric layer, and a second primer over at least a portion of the second metal layer,
comprising, flashing the transparency at room temperature, with more than one flash of non-
coherent light in the visible spectrum with an intensity ranging from 1 J/cm? to 7 J/cm? for a pulse
length of above 0 ms and up to 10 ms, thereby increasing visible light transmittance or decreasing
emissivity of the transparency.
[0008b] In another aspect, the present disclosure refers to a method of flash annealing a
transparency, the transparency comprising: a transparent substrate, a first dielectric layer over at
least a portion of the substrate, a first metal layer over at least a portion of the first dielectric layer,
a first primer layer over at least a portion of the first metal layer, a second dielectric layer over at
least a portion of the first primer layer, a second metal layer over at least a portion of the second
dielectric layer, a second primer layer over at least portion of the second metal layer, a third
dielectric layer over at least a portion of the second primer layer, a third metal layer over at least
a portion of the third dielectric layer, a third primer layer over at least a portion of the third metal
layer, a fourth dielectric layer over at least a portion of the third primer layer, a fourth metal layer
over at least a portion of the fourth dielectric layer, a fourth primer layer over at least a portion of
the fourth metal layer, and a protective layer over at least a portion of the fourth primer layer;
wherein the second or third metal layer is a discontinuous metal layer, comprising, flashing the
transparency at room temperature, with more than one flash of non-coherent light in the visible
spectrum with an intensity ranging from 1 J/cm? to 7 J/cm? for a pulse length of above 0 ms and
up to 10 ms, thereby increasing visible light transmittance or decreasing emissivity of the
transparency.
[0009] According to yet another example of the disclosure, a non-tempered transparency is
provided, the method comprises

a. afloat glass substrate;

b. afirst dielectric layer over at least a portion of the glass substrate;

c. afirst silver layer over at least a portion of the first dielectric layer;

d. afirst titanium layer over at least a portion of the first silver layer and having a

thickness ranging from 1 to 2 nm;

®

a second dielectric layer over at least a portion of the first titanium layer;

f. asecond silver layer over at least a portion of the second dielectric layer;

g. asecond titanium layer over at least a portion of the second silver layer and having a
thickness ranging from 1 to 2 nm; a first dielectric layer over at least a portion of the
glass substrate;

h. a third dielectric layer over at least a portion of the second titanium layer;

i. athird silver layer over at least a portion of the third dielectric layer;
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j. athird titanium layer over at least a portion of the third silver layer and
having a thickness ranging from 1 to 2 nm; a first dielectric layer over at
least a portion of the glass substrate;

k. a fourth dielectric layer over at least a portion of the third titanium layer;
and

|. a protective coating over at least a portion of the fourth dielectric layer,

wherein the transparency has a CIELAB L*a*b* value of L* ranging from 87 to

89, a* ranging from -3 to -5, and b* ranging from 3 to 5.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The invention will be described with reference to the following drawing figures
wherein like reference numbers identify like parts throughout. Unless indicated
otherwise, layers and element depicted in the drawing figures are not to scale and are
depicted in a manner that facilitates description of the elements and the structure of
the depicted items.
[0011] Figure 1 depicts a cross section of an article comprising a substrate and a
partially flash annealed layer over the substrate.
[0012] Figure 2 depicts a portion of an insulating glass unit.
[0013] Figure 3 depicts a coated transparency comprising a discontinuous metal
layer.
[0014] Figure 4 depicts a portion of a discontinuous metal layer, for example as
described in relation to Figure 3.
[0015] Figure 5 depicts a coated glass article having one or more reflective metallic
layers.
[0016] Figure 6 depicts a coated glass article having three reflective metallic layers.
[0017] Figure 7 depicts schematically a method of patterning an article by a flash
annealing method as described herein.
[0018] Figure 8 provides a graph showing variation of sheet resistance as a function
of thickness for various ITO layer thicknesses.
[0019] Figure 9 Provides a graph showing variation of emissivity as a function of
thickness for various ITO layer thicknesses.
[0020] Figures 10A and 10B provide Hall measurements, carrier concentration
(Figure 10A) and mobility (Figure 10B) for ITO layers of varying thickness deposited

at 3mTorr with 2.5% (%volume) oxygen or 4mTorr with 1.5% oxygen.
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[0021] Figures 11A and 11B provide graphs showing optical properties of flash
annealed ITO layers having differing amounts of oxygen. Figure 11A shows
transmission (%) spectra, and Figure 11B shows normalized absorption spectra.
[0022] Figure 12 provides a graph showing optical and electrical properties of ITO
layers of varying thicknesses.
[0023] Figure 13A shows the absorption coefficient spectrum for three samples of
ITO-coated float glass where the ITO has different absorption spectra. Figure 13B
provides XRD traces for the same samples.
[0024] Figure 14 shows XRD traces for four TCO layers with the same absorption
coefficient, but different thicknesses as indicated before (BF) and after (AF) flash
treatment.
[0025] Figure 15 provides a table of flash voltage conditions and sheet resistance
measurements for Example 7.
[0026] Figure 16 provides a table showing color and visible luminosity of a simulated
insulated glass using coating properties as described in Example 7.
[0027] Figure 17 provides selected center-of-glass performance characteristics of a
simulated insulated glass using coating properties as described in Example 7.
[0028] Figure 18 is a graph comparing various samples as described in Example 8.
[0029] Figure 19 is a graph comparing calculated adjustments to silver deposition
conditions to achieve a target color match.
[0030] Figure 20 is a graph comparing reduction in AEcmc for a tested sample as
compared to SOLARBAN® 70XL on STARPHIRE®.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] As used herein, spatial or directional terms, such as “left’, “right”, “inner”,
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“‘outer”, “above”, “below”, and the like, relate to the invention as it is shown in the
drawing figures. However, it is to be understood that the invention can assume various
alternative orientations and, accordingly, such terms are not to be considered as
limiting. Further, as used herein, all numbers expressing dimensions, physical
characteristics, processing parameters, quantities of ingredients, reaction conditions,
and the like, used in the specification and claims are to be understood as being
modified in all instances by the term “about’. Accordingly, unless indicated to the
contrary, the numerical values set forth in the following specification and claims may
vary depending upon the desired properties sought to be obtained by the present

invention. Atthe very least, and not as an attempt to limit the application of the doctrine
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of equivalents to the scope of the claims, each numerical value should at least be
construed in light of the number of reported significant digits and by applying ordinary
rounding techniques. Moreover, all ranges disclosed herein are to be understood to
encompass the beginning and ending range values and any and all subranges
subsumed therein. For example, a stated range of “1 to 10” should be considered to
include any and all subranges between (and inclusive of) the minimum value of 1 and
the maximum value of 10; that is, all subranges beginning with a minimum value of 1
or more and ending with a maximum value of 10 or less, e.g., 1t03.3,4.7t0 7.5, 55
to 10, and the like. Additionally, all documents, such as, but not limited to, issued
patents and patent applications, referred to herein are to be considered to be
‘incorporated by reference” in their entirety.

[0032] Further, as used herein, the terms “formed over’, “deposited over’, or
“provided over” mean formed, deposited, or provided on but not necessarily in contact
with the surface. For example, a coating layer “formed over’ a substrate does not
preclude the presence of one or more other coating layers or films of the same or
different composition located between the formed coating layer and the substrate.
Likewise, the terms “under” or “between” in the context of specified coating layers does
not preclude the presence of one or more other coating layers or films of the same or
different composition located between the recited layers.

[0033] As used herein, the terms “polymer” or “polymeric’ include oligomers,
homopolymers, copolymers, and terpolymers, e.g., polymers formed from two or more
types of monomers or polymers, and a “plastic” is a polymer-containing material that
optionally can contain additional additives to alter a property of the material.

[0034] The terms “visible region” or “visible light” refer to electromagnetic radiation
having a wavelength in the range of 380 nm to 800 nm. The terms “infrared region”
or “infrared radiation” refer to electromagnetic radiation having a wavelength in the
range of greater than 800 nm to 100,000 nm. The terms “ultraviolet region” or
“‘ultraviolet radiation” mean electromagnetic energy having a wavelength in the range
of 300 nm to less than 380 nm. By “transparent’ is meant having visible light
transmission of greater than 0% up to 100%. By “translucent’ is meant allowing
electromagnetic energy (e.g., visible light) to pass through but diffusing this energy
such that objects on the side opposite the viewer are not clearly visible. Although a

typical “transparency” can have sufficient visible light transmission such that materials
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can be viewed through the transparency, a “transparency” need not be transparent to
visible light but may be translucent or opaque.

[0035] As used herein, the term “film” refers to a coating region of a desired or
selected coating composition. A “layer” can comprise one or more “films”, and a
‘coating” or “coating stack” can comprise one or more ‘layers”. The term
"asymmetrical reflectivity" means that the visible light reflectance of the coating from
one side is different than that of the coating from the opposite side. The term "critical
thickness" means a thickness above which a coating material forms a continuous,
uninterrupted layer and below which the coating material forms discontinuous regions
or islands of the coating material rather than a continuous layer. The term "subcritical
thickness" means a thickness below the critical thickness such that the coating
material forms isolated, non-connected regions of the coating material. The term
"islanded" means that the coating material is not a continuous layer but, rather, that
the material is deposited to form isolated regions or islands.

[0036] Provided herein are methods of improving one or more physical attributes of
a coated article or a coating layer of a coated article, as are found in coated objects or
transparencies, such as are found in architectural glass, vehicle transparencies, light-
emitting diodes (LEDs), organic LEDs, photovoltaic cells, electro-optic devices, etc. In
aspects, the described coated articles are useful in bottom-emitting or top-emitting
LED or OLED devices, solar cells, such as photovoltaic thin film solar cells. For
example, an LED or OLED may use at least one transparent conductive oxide as an
electrode, through which light passes and is extracted from the emissive layer. TCOs
for use as an electrode for an LED device should have low sheet resistance. It is to be
understood that the methods and articles described herein are not limited to such
uses. Therefore, it is to be understood that the specifically disclosed exemplary
embodiments are presented simply to explain the general concepts of the invention,
and that the invention is not limited to these specific examples.

[0037] Flash annealing is a process by which an article comprising at least one layer
over a substrate is flashed with one or more pulses of visible light, resulting in a
physical transformation of the one or more layers by the flash of visible light. Any
source of visible light that can produce a flash of sufficient luminous flux (energy time-
1) to flash anneal an article within the context of the present disclosure may be used
in the methods described herein. The methods may utilize a broad spectrum flash,

such as a xenon lamp flash, ranging from 1 — 10.0 J/cm? and increments
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therebetween, for example from 3.5 — 6.0 J/cm?, and preferably from 4.0 to 5.0 J/cm?.
in aspects, the pulse length ranges from 0.1ms to 10ms, and increments
therebetween, from 0.2ms to 2ms, and increments therebetween, for example from
250pus to 1ms, 500us, 650us, 670us. Excessive flash energy will damage the targeted
layer. Lamps useful for generating flashes include gaseous discharge lamps, such as
helium or xenon lamps, and metal vapor lamps, such as mercury vapor lamp. Multi-
vapor discharge lamps may be used to achieve a more uniform spectral distribution.
In one aspect, the lamp is a xenon discharge flash lamp. In various aspects of the
invention, a single flash is capable of sufficiently modifying one or more physical
qualities of a layer. A “single flash pulse” includes: exposure of the transparency or
a portion thereof to one pulse; two or more pulses flashing different portions of the
transparency, or two or more overlapping pulses where each pulse of the overlapping
pulses flashes a different area or portion of the transparency, but the two portions flash
one or more overlapping points on the surface of the transparency.

[0038] The articles described herein are coated and otherwise processed by
conventional methods and systems, e.g., by an in-line magnetron sputter deposition
system. Articles can be conveyed into and from various deposition systems or
treatment stations by conventional conveying methods and systems. Flashing of the
articles can be performed at room temperature, typically in the range of from 20°C to
30°C, such as at 22°C or 25°C, though flashing can be performed at temperatures
outside this range, such as from 15°C to 50°C. In aspects, one or more flashtubes are
placed in position over a conveyor and at a suitable distance from the conveyor for
flashing the article at a desirable intensity. A conveyor system moves the article
relative to the flashtube(s), and timing of conveyor movement can be coordinated, e.g.,
by computer control, with flashing of the article such that one or more flashes are
applied to any given position on the article. For larger articles, multiple flashes can be
used to flash all positions on the surface of the article, and the flashes may overlap or
abut each-other so that the surface of the article is flashed with a sufficient amount of
light to transform one or more physical attributes of the article, as described herein,
such as, without limitation: sheet resistance, emissivity, conductance, color, or
transmittance.

[0039] In the methods and articles described herein, a substrate is coated with at
least on layer that is flash annealed. Exemplary substrates include transparent or

opaque substrates, such as substrates comprising, without limitation, glass, plastic,
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crystal, metal, ceramic, or combinations thereof. Non-limiting examples of glass that
can be used as a substrate include clear glass, Starphire®, Solargreen®, Solextra®,
GL-20®, GL-35™ Solarbronze®, Solargray® glass, Pacifica® glass, SolarBlue®
glass, Solarphire® glass, Solarphire PV® glass, and Optiblue® glass, all commercially
available from PPG Industries Inc. of Pittsburgh, Pennsylvania. For example, glasses
can include conventional soda-lime-silicate glass, borosilicate glass, or leaded glass.
The glass can be clear glass. By “clear glass” is meant non-tinted or non-colored
glass. Alternatively, the glass can be tinted or otherwise colored glass. The glass can
be annealed or heat-treated glass. As used herein, the term “heat treated” means
tempered or at least partially tempered. The glass can be of any type, such as
conventional float glass, and can be of any composition having any optical properties,
e.g., any value of visible transmission, ultraviolet transmission, infrared transmission,
and/or total solar energy transmission. By “float glass” is meant glass formed by a
conventional float process in which molten glass is deposited onto a molten metal bath
and controllably cooled to form a float glass ribbon. Examples of float glass processes
are disclosed in U.S. Patent Nos. 4,466,562 and 4,671,155. As used herein, the term
“solar control coating” refers to a coating comprised of one or more layers or films that
affect the solar properties of the coated article, such as, but not limited to, the amount
of solar radiation, for example, visible, infrared, or ultraviolet radiation, reflected from,
absorbed by, or passing through the coated article; shading coefficient; emissivity, etc.
[0040] Examples of additional suitable substrate materials include, but are not
limited to, plastic substrates, such as acrylic polymers, such as polyacrylates;
polyalkylmethacrylates, such as polymethylmethacrylates, polyethylmethacrylates,
polypropylmethacrylates, and the Ilike; polyurethanes;, polycarbonates;
polyalkylterephthalates, such as polyethyleneterephthalate (PET),
polypropyleneterephthalates, polybutyleneterephthalates, and the like; polysiloxane-
containing polymers; or copolymers of any monomers for preparing these, or any
mixtures thereof; ceramic substrates; glass substrates; or mixtures or combinations of
any of the above.

[0041] Layers applied over the substrate often comprise metals, oxides,
semiconductors, and dielectrics, including transparent metals, metal oxides,
conductive oxides, semiconductors, and dielectrics. Physical properties or physical
attributes include: transmittance; absorption; color; emissivity; sheet resistance;

conductance, e.g., carrier concentration or carrier mobility; crystallinity or crystal
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structure; refraction coefficient; or surface plasmon resonance, among other effects,
alone or in combination. Additional layers can include protective or overcoat layers,
such as silica or aluminum silica layers as are broadly-known, for example as further
described below in the context of various aspects of the disclosure.

[0042] Coating layers as described herein can be deposited by any conventional
method, such as, but not limited to, conventional chemical vapor deposition (CVD)
and/or physical vapor deposition (PVD) methods. Examples of PVD processes
include thermal or electron beam evaporation and vacuum sputtering (such as
magnetron sputter vapor deposition (MSVD)). Other coating methods could also be
used, such as, but not limited to, sol-gel deposition. In one aspect, the coating can be
deposited by MSVD. Examples of MSVD coating devices and methods will be well
understood by one of ordinary skill in the art and are described, for example, in U.S.
Patent Nos. 4,379,040; 4,861,669; 4,898,789; 4,898,790; 4,900,633; 4,920,006;
4,938,857, 5,328,768; and 5,492,750.

[0043] According to one aspect, a method of producing a coated substrate
comprising a layer of a transparent conductive oxide or a semiconductor is provided.
Non-limiting examples of transparent conductive oxides include: oxides of titanium,
hafnium, zirconium, niobium, zinc, bismuth, lead, indium, tin, and mixtures thereof, and
may be doped with other elements, such as gallium or aluminum. Specific examples
of transparent conductive oxides include, without limitation: indium tin oxide, indium
zinc oxide, fluorinated tin oxide (“FTO”), a doped zinc oxide, such as gallium-,
aluminum-, or tin-doped zinc oxide (“GZ0O”, “AZO” and “TZQ”, respectively), or a doped
titanium dioxide, such as niobium-doped TiO2 (“NTO”). Suitable transparent
conductive oxides include oxygen-deficient transparent conductive oxides. By
“‘oxygen-deficient transparent conductive oxide”, it is meant that the conductive oxide
is deposited under conditions, such as by sputtering, e.g. by MSVD, in an inert
atmosphere, such as an argon atmosphere with a subsaturation amount of oxygen,
yielding the oxygen-deficient, or sub-stoichiometric TCO. Oxygen-deficient TCOs,
such as oxygen-deficient ITO, are broadly-known and are readily made by those of
ordinary skill in the art. As used herein a recited percent of oxygen in a sputtering
atmosphere refers to volume percent. Non-limiting examples of semiconductors that
may be flash annealed according to the methods described herein include: as an
example the flash annealing of amorphous silicon layers to produce polycrystalline

Silicon and germanium films.
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[0044] The method further comprises depositing over at least a portion of a substrate
in an inert atmosphere a transparent metal oxide or semiconductor layer having an
absorption coefficient at a wavelength in the visible spectrum of at least 1,000 cm-";
and flashing at least a portion of the transparent conductive oxide or semiconductor
layer at a temperature ranging from 15°C to 50°C, or ranging from 20°C to 30°C, with
a pulse energy ranging from 3.5 J/cm? to 6.0 J/cm?, of non-coherent light within the
visible spectrum that includes light the wavelength in the visible spectrum at which the
layer has an absorption coefficient of at least 1,000 cm-'. In one aspect, the pulse is a
single pulse, which is sufficient to, e.g., substantially decrease sheet resistance,
increase conductance, decrease emissivity, and increase transmittance of the layer
and the article as a whole. In one aspect, the transparent metal oxide or
semiconductor layer is a transparent conductive oxide layer, and in one aspect is an
indium tin oxide layer, or an oxygen-deficient indium tin oxide layer having a thickness
ranging from 200 to 400 nm, or 200 to 300nm, for example 250 nm.

[0045] One feature of transparent conductive oxides, such as ITO, and
semiconductors that find use as coatings, e.g. on transparent substrates is that they
have an absorption coefficient that can be optimized or modified. For example,
oxygen-deficient transparent conductive oxides, such as oxygen-deficient indium tin
oxide as an example, has a sufficiently large absorption coefficient at certain
wavelengths such that light at those wavelengths cannot fully penetrate the complete
thickness of a layer of that material to permit flash annealing through the entire
thickness of the layer. Thus, sufficient matching of absorption coefficient and
thickness of a layer with lamp discharge spectrum and intensity such that the
penetration depth of the light produced by the lamp that is capable of flash annealing
the layer does not fully penetrate the full thickness of the layer will result in a split or
bifurcated layer with different physical attributes of the flashed portion of the layer as
compared to the un-flashed portion of the layer to which light did not penetrate to a
sufficient extent. A suitable thickness for an indium tin oxide layer or an oxygen-
deficient indium tin oxide layer at which the penetration depth of a Xenon lamp pulse
is less than the thickness of the layer is greater than 300 nm, for example ranging from
300 nm to 2 um (microns) in thickness.

[0046] Referring to Figure 1, and in the context of a transparent article 30, a first
layer 40 comprising a transparent conductive oxide or semiconductor is deposited over

a substrate 50. When flashed as described herein, the first layer 40 is split into a first
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sub-layer 42 and a second sub-layer 44 joined at a transition 46. The first sub layer
42 of a transparent conductive oxide or semiconductor has a first physical state, for
example and without limitation having a first sheet resistance, conductance, color, or
transmittance, and the second sub-layer 44 is converted by a light flash to a second
physical state, for example and without limitation having a second sheet resistance,
conductance, color, or transmittance. The first and second sub-layers 42 and 44 can
therefore be considered a single, integrated layer that includes the bottom sub-layer
(distal to the flash) that remains in an unflashed state, and a top sub-layer immediately
over the first sub-layer that is converted by the light flash. By the nature of the flashing,
the top and bottom sub-layers may be joined at the transition 46 of unspecified
thickness that has physical characteristics that may be different from the first and/or
second sub-layers, for example, intermediate to the first and second sublayers. An
optional protective layer 60 is depicted. Additional layers may be included over or
between depicted layers.

[0047] Traditional heating methods are incapable of forming a split transparent
conductive oxide or semiconductor layer as is produced by the flash methods
described herein. Use of conductive heat requires raising the temperature of the
transparent conductive oxide or semiconductor layer to a temperature exceeding
400°C, and for thin layers, e.g. with thicknesses of less than S5um, and especially
submicron thicknesses, such as in the range of the TCO layers described herein, the
surface heat of the layer conducts through the entire layer essentially immediately,
resulting in a uniform transformation of the layer throughout its thickness. Therefore,
by flashing a layer having an appropriately high coefficient of absorption such that the
light does not penetrate through the entire thickness of the layer, only the portion of
the layer that the light penetrates will be transformed, leaving an untransformed layer.
Such a configuration is useful to control, e.g., color, transmittance, light scattering, light
trapping, sheet resistance, reflectance, refraction, conductance, or other relevant
physical parameters of a coated article.

[0048] According to another aspect of the disclosure, a method of flash annealing
transparencies comprising metallic reflective layers is provided. In one aspect, the
method permits effective annealing of transparencies comprising two or more metal,
e.g. silver, layers. The flash annealing facilitates close color matching of annealed

products with tempered products, decreased sheet resistance, increased
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transmittance, production of desirable color profiles, and a general increase in the
quality of the product.

[0049] According to various aspects, coatings produced by the flash annealing
method described herein may be used in an architectural transparency. As an
example, a non-limiting example of a transparency 10 incorporating a third surface
coating, such as a coating comprising two or more silver layers is illustrated in Figure
2. The transparency 10 can have any desired visible light, infrared radiation, or
ultraviolet radiation transmission and/or reflection. For example, the transparency 10
can have a visible light transmittance of any desired amount, e.g., greater than 0% up
to 100%.

[0050] The exemplary transparency 10 of Figure 2 is in the form of a conventional
insulating glass unit and includes a first ply 12 with a first major surface 14 (No. 1
surface) and an opposed second major surface 16 (No. 2 surface). In the illustrated
non-limiting aspect, the first major surface 14 faces the building exterior, i.e., is an
outer major surface, and the second major surface 16 faces the interior of the building.
The transparency 10 also includes a second ply 18 having an outer (first) major surface
20 (No. 3 surface) and an inner (second) major surface 22 (No. 4 surface) and spaced
from the first ply 12. This numbering of the ply surfaces is in keeping with conventional
practice in the fenestration art. The first and second plies 12, 18 can be connected
together in any suitable manner, such as by being adhesively bonded to a
conventional spacer frame 24. A gap or chamber 26 is formed between the two plies
12, 18. The chamber 26 can be filled with a selected atmosphere, such as air, or a
non-reactive gas such as argon or krypton gas. A solar control coating 30 (or any of
the other coatings described herein) is formed over at least a portion of one of the plies
12, 18, such as, but not limited to, over at least a portion of the No. 2 surface 16 or at
least a portion of the No. 3 surface 20. Although, the coating could also be on the No.
1 surface or the No. 4 surface, if desired. Examples of insulating glass units are found,
for example, in U.S. Patent Nos. 4,193,236; 4,464,874, 5,088,258; and 5,106,663.
[0051] The plies 12, 18 of the transparency 10 can be of the same or different
materials. The plies 12, 18 can include any desired material having any desired
characteristics. For example, one or more of the plies 12, 18 can be transparent or
translucent to visible light. Examples of suitable materials include, but are not limited
to, plastic substrates (such as acrylic polymers, such as polyacrylates;

polyalkylmethacrylates, such as polymethylmethacrylates, polyethylmethacrylates,
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polypropylmethacrylates, and the Ilike; polyurethanes;, polycarbonates;
polyalkylterephthalates, such as polyethyleneterephthalate (PET),
polypropyleneterephthalates, polybutyleneterephthalates, and the like; polysiloxane-
containing polymers; or copolymers of any monomers for preparing these, or any
mixtures thereof); ceramic substrates; glass substrates; or mixtures or combinations
thereof. For example, one or more of the plies 12, 18 can include conventional soda-
lime-silicate glass, borosilicate glass, or leaded glass. The glass can be clear glass.
By “clear glass” is meant non-tinted or non-colored glass. Alternatively, the glass can
be tinted or otherwise colored glass. The glass can be annealed or heat-treated glass.
The glass can be of any type, such as conventional float glass, and can be of any
composition having any optical properties, e.g., any value of visible transmission,
ultraviolet transmission, infrared transmission, and/or total solar energy transmission.
[0052] The first and second plies 12, 18 can each be, for example, clear float glass
or can be tinted or colored glass or one ply 12, 18 can be clear glass and the other ply
12, 18 colored glass. Although not limiting to the invention, examples of glass suitable
for the first ply 12 and/or second ply 18 are described in U.S. Patent Nos. 4,746,347,
4,792,536, 5,030,593; 5,030,594, 5,240,886; 5,385,872; and 5,393,593. The first and
second plies 12, 18 can be of any desired dimensions, e.g., length, width, shape, or
thickness. In one exemplary automotive transparency, the first and second plies can
each be 1 mm to 10 mm thick, such as 1 mm to 8 mm thick, such as 2 mm to 8 mm,
such as 3 mm to 7 mm, such as 5 mm to 7 mm, such as 6 mm thick. Non-limiting
examples of glass that can be used are described above.

[0053] In one aspect, a solar control coating 30 is deposited over at least a portion
of at least one major surface of one of the glass plies 12, 18. In the example shown
in Figure 2, the coating 30 is formed over at least a portion of the inner surface 16 of
the outboard glass ply 12. The solar control coating 30 can block, absorb, or filter
selected portions of the solar spectrum, such as, but not limited to, the IR, UV, and/or
visible spectrums.

[0054] The solar control coating 30 can be deposited by any conventional method,
such as, but not limited to, conventional chemical vapor deposition (CVD) and/or
physical vapor deposition (PVD) methods. Examples of CVD processes include spray
pyrolysis. Examples of PVD processes include electron beam evaporation and
vacuum sputtering (such as magnetron sputter vapor deposition (MSVD)). Other

coating methods could also be used, such as, but not limited to, sol-gel deposition. In
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one non-limiting embodiment, the coating 30 can be deposited by MSVD. Examples
of MSVD coating devices and methods will be well understood by one of ordinary skill
in the art and are described, for example, in U.S. Patent Nos. 4,379,040; 4,861,669;
4,898,789; 4,898,790; 4,900,633; 4,920,006; 4,938,857; 5,328,768; and 5,492,750.
[0055] ‘United States Patent No. 9,604,875 describes transparencies incorporating
subcritical metallic layers, such as a transparency incorporating two continuous silver
layers and a subcritical silver layer. Commercial products including tempered and
non-tempered versions of the article described below, with tempered product (e.g.,
SOLARBAN® 90 VT) requiring thicker primer layers, as compared to primer layer
thickness of the non-tempered product (e.g., SOLARBAN® 90) and, with the exception
of the subcritical (discontinuous) silver layer, which cannot be increased in thickness
without changing its unique optical properties, thickness of one or more continuous
silver layers can be increased and thicknesses of one or more primer layers is
increased in the tempered product as compared to the non-tempered product. In one
aspect, thickness of one or more of the flash annealed primer layers is between the
thickness of the non-tempered product and the tempered product, for example where
one or more primer layers has a thickness ranging from the thickness of a primer layer
in the non-tempered product plus 20% to 80% of the thickness difference between the
primer layer thicknesses of the tempered product minus the primer layer thicknesses
of the non-tempered products.

[0056] An exemplary non-limiting solar control coating 130 having a subcritical
metallic layer is shown in Figure 3. This exemplary coating 130 includes a base layer
or first dielectric layer 40 deposited over at least a portion of a major surface of a
substrate (e.g., the No. 2 surface 116 of the first ply 112). The first dielectric layer 140
can be a single layer or can comprise more than one film of antireflective materials
and/or dielectric materials, such as, but not limited to, metal oxides, oxides of metal
alloys, nitrides, oxynitrides, or mixtures thereof. The first dielectric layer 140 can be
transparent to visible light. Examples of suitable metal oxides for the first dielectric
layer 140 include oxides of titanium, hafnium, zirconium, niobium, zinc, bismuth, lead,
indium, tin, and mixtures thereof. These metal oxides can have small amounts of other
materials, such as manganese in bismuth oxide, tin in indium oxide, etc. Additionally,
oxides of metal alloys or metal mixtures can be used, such as oxides containing zinc
and tin (e.g., zinc stannate, defined below), oxides of indium-tin alloys, silicon nitrides,

silicon aluminum nitrides, or aluminum nitrides. Further, doped metal oxides, such as
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antimony, or indium doped tin oxides or nickel or boron doped silicon oxides, can be
used. The first dielectric layer 140 can be a substantially single phase film, such as a
metal alloy oxide film, e.g., zinc stannate, or can be a mixture of phases composed of
zinc and tin oxides or can be composed of a plurality of films.

[0057] For example, the first dielectric layer 140 (whether a single film or multiple
film layer) can have a thickness in the range of 100 A to 600 A, such as 200 A to 500
A, such as 250 A to 350 A, such as 250 A to 310 A, such as 280 A to 310 A, such as
300 A to 330 A, such as 310 A to 330 A.

[0058] The first dielectric layer 140 can comprise a multi-film structure having a first
film 142, e.g., a metal alloy oxide film, deposited over at least a portion of a substrate
(such as the inner major surface 116 of the first ply 112) and a second film 144, e.g.,
a metal oxide or oxide mixture film, deposited over the first metal alloy oxide film 142.
In one non-limiting embodiment, the first film 142 can be a zinc/tin alloy oxide. By
“zinc/tin alloy oxide” is meant both true alloys and also mixtures of the oxides. The
zinc/tin alloy oxide can be that obtained from magnetron sputtering vacuum deposition
from a cathode of zinc and tin. One non-limiting cathode can comprise zinc and tin in
proportions of 5 wt.% to 95 wt.% zinc and 95 wt.% to 5 wt.% tin, such as 10 wt.% to
90 wt.% zinc and 90 wt.% to 10 wt.% tin. However, other ratios of zinc to tin could
also be used. One suitable metal alloy oxide that can be present in the first film 142
is zinc stannate. By “zinc stannate” is meant a composition of ZnxSn1.xO2-x (Formula
1) where “X” varies in the range of greater than 0 to less than 1. For instance, “x” can
be greater than 0 and can be any fraction or decimal between greater than O to less
than 1. For example, where x = 2/3, Formula 1 is Zn23Sn1304/3, which is more
commonly described as “Zn2Sn04”. A zinc stannate-containing film has one or more
of the forms of Formula 1 in a predominant amount in the film.

[0059] The second film 144 can be a metal oxide film, such as zinc oxide. The zinc
oxide film can be deposited from a zinc cathode that includes other materials to
improve the sputtering characteristics of the cathode. For example, the zinc cathode
can include a small amount (e.g., up to 10 wt.%, such as up to 5 wt.%) of tin to improve
sputtering. In which case, the resultant zinc oxide film would include a small
percentage of tin oxide, e.g., up to 10 wt.% tin oxide, e.g., up to 5 wt.% tin oxide. A
coating layer deposited from a zinc cathode having up to 10 wt.% tin (added to
enhance the conductivity of the cathode) is referred to herein as “a zinc oxide film”

even though a small amount of tin may be present. The small amount of tin in the
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cathode (e.g., less than or equal to 10 wt.%, such as less than or equal to 5 wt.%) is
believed to form tin oxide in the predominantly zinc oxide second film 144.

[0060] For example, the first film 142 can be zinc stannate and the second film 144
can be zinc oxide (for example, 90 wt.% zinc oxide and 10 wt.% tin oxide). For
example, the first film 142 can comprise zinc stannate having a thickness in the range
of 50 A to 600 A, such as 50 A to 500 A, such as 75 A to 350 A, such as 100 A to 250
A, such as 150 A to 250 A, such as 195 A to 250 A, such as 200 A to 250 A, such as
200 A to 220 A

[0061] The second film 144 can comprise zinc oxide having a thickness in the range
of 50 A to 200 A, such as 75 A to 200 A, such as 100 A to 150 A, such as 100 A to
110 A.

[0062] A first heat and/or radiation reflective metallic layer 146 can be deposited over
the first dielectric layer 140. The first reflective layer 146 can include a reflective metal,
such as, but not limited to, metallic gold, copper, palladium, aluminum, silver, or
mixtures, alloys, or combinations thereof. In one embodiment, the first reflective layer
146 comprises a metallic silver layer having a thickness in the range of 50 A to 300 A,
e.g., 50 Ato 250 A, e.g., 50 A to 200 A, such as 70 A to 200 A, such as 100 A to 200
A, such as 125 A to 200A, such as 150 A to 185 A. The first metallic layer 146 is a
continuous layer. By "continuous layer" is meant that the coating forms a continuous
film of the material and not isolated coating regions.

[0063] A first primer layer 148 is located over the first reflective layer 146. The first
primer layer 148 can be a single film or a multiple film layer. The first primer layer 148
can include an oxygen-capturing material that can be sacrificial during the deposition
process to prevent degradation or oxidation of the first reflective layer 146 during the
sputtering process or subsequent heating processes. The first primer layer 148 can
also absorb at least a portion of electromagnetic radiation, such as visible light,
passing through the coating 130. Examples of materials useful for the first primer layer
148 include titanium, silicon, silicon dioxide, silicon nitride, silicon oxynitride, nickel-
chrome alloys (such as Inconel), zirconium, aluminum, alloys of silicon and aluminum,
alloys containing cobalt and chromium (e.g., Stellite®), and mixtures thereof. For
example, the first primer layer 148 can be titanium and can have a thickness in the
range of 5At0o 50 A, e.g., 10 Ato 40 A e.g., 20At0 40 A e.g., 20 A to 35A.

[0064] A second dielectric layer 150 is located over the first reflective layer 146 (e.g.,

over the first primer layer 148). The second dielectric layer 150 can comprise one or
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more metal oxide or metal alloy oxide-containing films, such as those described above
with respect to the first dielectric layer 140. For example, the second dielectric layer
150 can include a first metal oxide film 152, e.g., a zinc oxide film, deposited over the
first primer film 148 and a second metal alloy oxide film 154, e.g., a zinc stannate
(Zn2Sn04) film, deposited over the first zinc oxide film 152. An optional third metal
oxide film 156, e.g., another zinc oxide layer, can be deposited over the zinc stannate
layer.

[0065] The second dielectric layer 150 can have a total thickness (e.g., the combined
thicknesses of the layers) is in the range of 50 A to 1000 A, e.g., 50 A to 500 A, e.g.,
100 Ato 370 A, e.g.,, 100 Ato 300 A, e.g., 100 Ato 200 A, e.g., 150 A to 200 A, e.g.,
180 A to 190 A.

[0066] For example, for a multi-film layer, the zinc oxide film 152 (and optional
second zinc oxide film 156, if present) can have a thickness in the range of 10 A to
200 A, e.g., 50 Ato 200 A e.g., 60 Ato 150 A, e.g., 70 Ato 85 A. The metal alloy
oxide layer (zinc stannate) 54 can have a thickness in the range of 50 Ato 800 A, e.g.,
50 Ato 500 A, e.g., 100 Ato 300 A, e.g., 110 Ato 235 A, e.g., 110 Ato 120 A.

[0067] A subcritical thickness (discontinuous) second metallic layer 158 is located
over the second dielectric layer 150 (e.g., over the second zinc oxide film 156, if
present, or over the zinc stannate film 154 if not). The metallic material, such as, but
not limited to, metallic gold, copper, palladium, aluminum, silver, or mixtures, alloys,
or combinations thereof, is applied at a subcritical thickness such that isolated regions
or islands of the material are formed rather than a continuous layer of the material.
For silver, it has been determined that the critical thickness is less than 50 A, such as
less than 40 A, such as less than 30 A, such as less than 25 A. For silver, the transition
between a continuous layer and a subcritical layer occurs in the range of 25 A to 50
A. It is estimated that copper, gold, and palladium would exhibit similar subcritical
behavior in this range. The second metallic layer 158 can include any one or more of
the materials described above with respect to the first reflective layer 146 but these
materials are not present as a continuous film. In one non-limiting embodiment, the
second layer 158 comprises islanded silver with the islands having an effective
thickness in the range of 1 Ato 70 A, e.g.,, 10 Ato 40 A, e.g., 10At0 35A, e.g.,, 10 A
to 30 A, eg., 15At0 30 A eg, 20 Ato 30 A e.g, 25 A to 30 A. The subcritical
metallic layer 158 absorbs electromagnetic radiation according to the Plasmon

Resonance Theory. This absorption depends at least partly on the boundary
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conditions at the interface of the metallic islands. The subcritical metallic layer 158 is
not an infrared reflecting layer, like the first metallic layer 146. The subcritical silver
layer 158 is not a continuous layer. It is estimated that for silver, the metallic islands
or balls of silver metal deposited below the subcritical thickness can have a height of
about 2 nm to 7 nm, such as 5 nmto 7 nm. It is estimated that if the subcritical silver
layer could be spread out uniformly, it would have a thickness of about 1.1 nm. ltis
estimated that optically, the discontinuous metal layer behaves as an effective layer
thickness of 2.6 nm. Depositing the discontinuous metallic layer over zinc stannate
rather than zinc oxide appears to increase the visible light absorbance of the coating,
e.g., of the discontinuous metallic layer.

[0068] The thickness values associated with the “subcritical” layers are an “effective
thickness”. The effective thickness can be calculated based on a reference coating
speed that is slower than the actual coating speed of the commercial coater. For
example, a silver layer is applied onto a substrate at the same coating rate as a
commercial coater but at a reduced line speed (reference coating speed) compared
to the commercial coater. The thickness of the coating deposited at the reference
coating speed is measured and then the “effective thickness” for a coating deposited
at the same coating rate but at the faster line speed of the commercial costar is
extrapolated. For example, if a particular coating rate provides a silver coating of 25 nm
at reference coating speed that is one-tenth the line speed of the commercial coater,
then the “effective thickness” of the silver layer at the same coating rate but at the
commercial costar line speed (i.e., ten time faster than the reference coating run) is
extrapolated to be 2.5 nm (i.e., one tenth the thickness). However, as will be
appreciated, the silver layer at this effective thickness (below the subcritical thickness)
would not be a continuous layer but rather would be a discontinuous layer having
discontinuous regions of silver material. Another way to adjust the thickness of the
subcritical silver layer is to decrease the power applied to the cathode depositing that
layer. For example, the coater could be set up with power supplied to the cathodes to
provide known coating thicknesses. The power to the cathode for the subcritical silver
layer could then be reduced and the subcritical silver layer thickness extrapolated
based on the reduced power level. Or, a series of samples could be generated at
different power levels until a desired L*, a*, and b* is achieved

[0069] A second primer layer 160 can be deposited over the second metallic layer

158. The second primer layer 160 can be as described above with respect to the first
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primer layer 148. In one example, the second primer layer can be titanium or a nickel-
chromium alloy (such as Inconel) having a thickness in the range of 5 Ato 50 A, e.g.,
10Ato25A eg., 15At025 A, eg., 15 Ato 22 A Since the absorbance of the
subcritical material depends at least partly on the boundary conditions, different
primers (e.g., having different refractive indices) can provide the coating with different
absorbance spectra and, hence, with different colors.

[0070] A third dielectric layer 162 can be deposited over the second metallic layer
158 (e.g., over the second primer film 160). The third dielectric layer 162 can also
include one or more metal oxide or metal alloy oxide-containing layers, such as
discussed above with respect to the first and second dielectric layers 140, 150. In one
example, the third dielectric layer 162 is a multi-film layer similar to the second
dielectric layer 150. For example, the third dielectric layer 162 can include a first metal
oxide layer 164, e.g., a zinc oxide layer, a second metal alloy oxide-containing layer
166, e.g., a zinc stannate layer deposited over the zinc oxide layer 164, and an optional
third metal oxide layer 168, e.g., another zinc oxide layer, deposited over the zinc
stannate layer 166. In one example, both of the zinc oxide layers 164, 168 are present
and each has a thickness in the range of 50 A to 200 A, such as 75 A to 150 A, such
as 80 A to 150 A, such as 95 Ato 120 A. The metal alloy oxide layer 166 can have a
thickness in the range of 100 A to 800 A, e.g., 200 A to 700 A, e.g., 300 A to 600 A,
e.g., 380 Ato 500 A, e.g., 380 A to 450 A.

[0071] In one example, the total thickness of the third dielectric layer 162 (e.g., the
combined thicknesses of the zinc oxide and zinc stannate layers) is in the range of
200 Ato 1000 A, e.g., 400 Ato 900 A, e.g., 500 Ato 900 A, e.g., 650 Ato 800 A, e.g.,
690 A to 720 A,

[0072] A third heat and/or radiation reflective metallic layer 170 is deposited over the
third dielectric layer 162. The third reflective layer 170 can be of any of the materials
discussed above with respect to the first reflective layer. In one non-limiting example,
the third reflective layer 170 includes silver and has a thickness in the range of 25 A
to 300 A, e.g., 50 Ato 300 A, e.g., 50 Ato 200 A, such as 70 Ato 151 A, such as 100
Ato 150 A, such as 137 Ato 150 A. The third metallic layer is a continuous layer.
[0073] A third primer layer 172 is located over the third reflective layer 170. The third
primer layer 172 can be as described above with respect to the first or second primer
layers. In one non-limiting example, the third primer layer is titanium and has a
thickness in the range of 5Ato 50 A, e.g., 10 Ato 33 A, e.g., 20 A to 30 A.
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[0074] A fourth dielectric layer 174 is located over the third reflective layer (e.g., over
the third primer layer 172). The fourth dielectric layer 174 can be comprised of one or
more metal oxide or metal alloy oxide-containing layers, such as those discussed
above with respect to the first, second, or third dielectric layers 140, 150, 162. In one
non-limiting example, the fourth dielectric layer 174 is a multi-film layer having a first
metal oxide layer 176, e.g., a zinc oxide layer, deposited over the third primer film 172,
and a second metal alloy oxide layer 178, e.g., a zinc stannate layer, deposited over
the zinc oxide layer 176. In one non-limiting embodiment, the zinc oxide layer 176 can
have a thickness in the range of 25 A to 200 A, such as 50 A to 150 A, such as 60 A
to 100 A, such as 80 A to 90 A. The zinc stannate layer 178 can have a thickness in
the range of 25 A to 500 A, e.g., 50 A to 500 A, e.g., 100 A to 400 A, e.g., 150 A to
300A, eg., 150 Ato 200 A, e.g., 1770 Ato 190 A.

[0075] In one non-limiting example, the total thickness of the fourth dielectric layer
174 (e.g., the combined thicknesses of the zinc oxide and zinc stannate layers) is in
the range of 100 A to 800 A, e.g., 200 Ato 600 A, e.g., 250 Ato 400 A, e.g., 250 A to
270 A.

[0076] An overcoat 180 can be located over the fourth dielectric layer 174. The
overcoat 180 can help protect the underlying coating layers from mechanical and
chemical attack. The overcoat 180 can be, for example, a metal oxide or metal nitride
layer. For example, the overcoat 180 can be titania having a thickness in the range of
10 A to 100 A, such as 20 A to 80 A, such as 30 A to 50 A, such as 30 A to 45 A.
Other materials useful for the overcoat include other oxides, such as silica, alumina,
or a mixture of silica and alumina.

[0077] In one non-limiting embodiment, the transparency 10 has a percent
reflectance (%R) of visible light from the No. 1 surface in the range of 5% to 50%, such
as 20% to 40%, such as 25% to 30%. The transparency 10 has a visible light
transmittance of greater than 20%, such as greater than 30%, such as greater than
40%. The transparency has a solar heat gain coefficient (SHGC) of less than 0.3,
such as less than 0.27, such as less than 0.25.

[0078] The ply coated with the coating 130 can be tempered or heat treated without
adversely impacting upon the performance characteristics of the article or producing
haze. Also, the article of the invention has a neutral or moderate reflected color, such

as blue or blue-green, in both reflection and transmission.
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[0079] The lack of haze upon heating is believed due to the islanded structure of the
discontinuous intermediate metallic layer. A side view of a subcritical metallic layer
190 having discontinuous coating regions 191 formed on a dielectric layer 192 and
covered by a primer layer 194 is shown in Figure 4. The subcritical metal thickness
causes the metal material to form discontinuous regions or islands of metal or metal
oxide on the dielectric layer 192. When the primer layer is applied over the subcritical
metal layer, the material of the primer layer covers the islands and can also extend
into the gaps between adjacent islands of the subcritical metal and contact the
underlying layer 192.

[0080] The coating 130 provides various advantages over known coatings. For
example, the subcritical metallic layer increases the visible light absorbance of the
coating, making the coated article darker. The combination of the subcritical metallic
layer with selected thicknesses of the dielectric layers can provide the coated article
with an asymmetrical reflectance. The color of the article can be tuned in transmission
by changing the primer(s) used in the coating. Also, the coating of the invention is
able to be heat treated without introducing haze.

[0081] It is to be understood that the previously described coating 130 is not limiting
to the invention. For example, the subcritical metallic layer is not required to be the
second (intermediate) metallic layer in the stack. The subcritical metallic layer could
be placed anywhere in the coating stack. Also, for coating stacks having a plurality of
metallic coating layers, more than one of the metallic layers could be a subcritical
metallic layer.

[0082] While the above example included two continuous metal layers and one
discontinuous metal layer, it is to be understood that this is just one non-limiting
example. In the broad practice of the invention, the coating of the invention could
include multiple continuous metallic layers and multiple discontinuous metallic layers.
For example, a coated article could include a single subcritical metallic layer located
between two dielectric layers. Or, the coating could include 3 or more metallic layers,
such as 4 or more metallic layers, such as 5 or more metallic layers, such as 6 or more
metallic layers, with at least one of the metallic layers being a subcritical metallic layer.
Variations of the coating 130 are further described in U.S. Patent No. 9,604,875.
[0083] Articles having two or more silver coating layers in a solar control coating are
broadly-known. In one example, a solar control transparencies include a substrate,

and over the substrate, from one to four iterations of a layer comprising, in order in a
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direction away from a substrate, a dielectric layer, a metallic layer, and a primer layer,
e.g., as disclosed in United States Patent No. 7,910,229, describing a coating with
three silver layers, or United States Patent Application Publication No. 20110117300,
describing a high solar heat gain coefficient coating having two silver layers. One or
more metallic layers may be discontinuous, for example as described below.

[0084] Commercial products including tempered and non-tempered versions of the
articles described below, with tempered product (e.g., SOLARGATE® 460VT, or
SOLARBAN® 70 VT) requiring thicker primer layers, as compared to primer layer
thickness of the non-tempered product (e.g., SOLARGATE® 460, or SOLARBAN® 70
XL), and, with the exception of any subcritical (discontinuous) silver layer, which
cannot be increased in thickness without changing its unique optical properties,
thickness of one or more continuous silver layers can be increased and thicknesses
of one or more primer layers is increased in the tempered product as compared to the
non-tempered product. In one aspect, thickness of one or more of the flash annealed
primer layers is between the thickness of the non-tempered product and the tempered
product, for example where one or more primer layers has a thickness ranging from
the thickness of a primer layer in the non-tempered product plus 20% to 80%, or 30%
to 70%, of the thickness difference between the primer layer thicknesses in the
tempered product minus the primer layer thicknesses in the non-tempered products.
[0085] As shown in Figure 5, an exemplary coating 130 includes a base layer or first
dielectric layer 240 deposited over at least a portion of a major surface of a substrate
(e.g., the No. 2 surface 216 of the first ply 212). The first dielectric layer 240 can be a
single layer or can comprise more than one film of antireflective materials and/or
dielectric materials, such as, but not limited to, metal oxides, oxides of metal alloys,
nitrides, oxynitrides, or mixtures thereof. The first dielectric layer 240 can be
transparent to visible light. Examples of suitable metal oxides for the first dielectric
layer 240 include oxides of titanium, hafnium, zirconium, niobium, zinc, bismuth, lead,
indium, tin, and mixtures thereof. These metal oxides can have small amounts of other
materials, such as manganese in bismuth oxide, tin in indium oxide, etc. Additionally,
oxides of metal alloys or metal mixtures can be used, such as oxides containing zinc
and tin (e.g., zinc stannate, defined below), oxides of indium-tin alloys, silicon nitrides,
silicon aluminum nitrides, or aluminum nitrides. Further, doped metal oxides, such as
antimony or indium doped tin oxides or nickel or boron doped silicon oxides, can be

used. The first dielectric layer 240 can be a substantially single phase film, such as a
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metal alloy oxide film, e.g., zinc stannate, or can be a mixture of phases composed of
zinc and tin oxides or can be composed of a plurality of films.

[0086] For example, the first dielectric layer 240 (whether a single film or multiple
film layer) can have a thickness in the range of 100 A to 600 A, such as 100 A to 500
A, such as 100 A to 350 A, such as 150 A to 300 A, such as 200 A to 250 A, such as
210 A to 220 A

[0087] The first dielectric layer 240 can comprise a multi-film structure having a first
film 142, e.g., a metal alloy oxide film, deposited over at least a portion of a substrate
(such as the inner major surface 216 of the first ply 212) and a second film 244, e.g.,
a metal oxide or oxide mixture film, deposited over the first metal alloy oxide film 242.
In one non-limiting embodiment, the first film 242 can be zinc stannate.

[0088] For example, the first film 242 can be zinc stannate and the second film 244
can be zinc oxide (for example, 90 wt.% zinc oxide and 10 wt.% tin oxide). For
example, the first film 242 can comprise zinc stannate having a thickness in the range
of 50 A to 600 A, such as 50 A to 500 A, such as 75 A to 350 A, such as 100 A to 250
A, such as 100 A to 200 A, such as 100 A to 150 A, such as 140 A to 150 A.

[0089] The second film 244 can comprise zinc oxide having a thickness in the range
of 50 A to 200 A, such as 50 A to 150 A, such as 70 A to 100 A.

[0090] In another exemplary coating, the first dielectric layer 240 comprises a first
layer comprising zinc stannate, a second layer comprising zinc oxide, a third layer
comprising zinc stannate, and a fourth layer comprising zinc oxide, wherein the first
dielectric layer has a thickness in the range of 44 nm to 48 nm, the first layer and third
layer each have a thickness in the range of 16 nm to 17 nm, and the second layer and
fourth layer each have a thickness in the range of 6 nm to 8 nm.

[0091] A first heat and/or radiation reflective metallic layer 246 can be deposited
over the first dielectric layer 240. The first reflective layer 246 can include a
reflective metal, such as, but not limited to, metallic gold, copper, palladium, silver, or
mixtures, alloys, or combinations thereof. In one embodiment, the first reflective
layer 246 comprises a metallic silver layer having a thickness in the range of 25 A to
300A, eqg.,50At0 300 A e.g., 50 Ato 250 A, e.g., 50 Ato 200 A, such as 70 A to
200 A, such as 100 A to 200 A, such as 120 A to 180 A.

[0092] A first primer layer 248 is located over the first reflective layer 246. The first
primer layer 148 can be a single film or a multiple film layer. The first primer layer

248 can include an oxygen-capturing material that can be sacrificial during the
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deposition process to prevent degradation or oxidation of the first reflective layer 246
during the sputtering process or subsequent heating processes. The first primer
layer 248 can also absorb at least a portion of electromagnetic radiation, such as
visible light, passing through the coating 230. Examples of materials useful for the
first primer layer 248 include titanium, Inconel, Stellite®, and mixtures thereof. For
example, the first primer layer 248 can have a thickness in the range of 5 A to 50 A,
e.g., 10Ato40A e.g.,20At040 A e.g, 20 Ato 30 A. In one example, the first
primer 148 is titanium.

[0093] An optional outer dielectric layer 274 is located over the outermost iteration
of the primer film 248. The outer dielectric layer 274 can be comprised of one or more
metal oxide or metal alloy oxide-containing layers, such as those discussed above
with respect to the first dielectric layers 240. In one non-limiting example, the outer
dielectric layer 274 is a multi-film layer having a first metal oxide layer 276, e.g., azinc
oxide layer, deposited over the third primer film 272, and a second metal alloy oxide
layer 278, e.g., a zinc stannate layer, deposited over the zinc oxide layer 276. In one
non-limiting embodiment, the zinc oxide layer 276 can have a thickness in the range
of 25 Ato 200 A, such as 50 A to 150 A, such as 60 A to 100 A, such as 70 A to 90 A.
The zinc stannate layer 278 can have a thickness in the range of 25 A to 500 A, e.g.,
50 Ato 500 A, e.g., 100 Ato 400 A, e.g., 150 Ato 300 A, e.g., 150 Ato 200 A, e.g.,
170 A to 200 A.

[0094] In aspects, one, two, three, or four additional iterations of the assembly 249
including the dielectric layer 240, the heat and/or radiation reflective metallic layer 246,
and the primer layer 248, may be deposited over the primer layer and beneath the
outer dielectric layer 274. In one aspect, where there are two or more iterations of
assembly 249, one or more of the heat and/or radiation reflective metallic layers 246,
is subcritical, for example and without limitation, as shown in Figure 4.

[0095] In one non-limiting example, the total thickness of the outer dielectric layer
274 (e.g., the combined thicknesses of the zinc oxide and zinc stannate layers) is in
the range of 100 A to 800 A, e.g., 200 Ato 600 A, e.g., 250 A to 400 A, e.g., 250 A to
270 A.

[0096] An overcoat 280 can be located over the fourth dielectric layer 274. The
overcoat 280 can help protect the underlying coating layers from mechanical and

chemical attack. The overcoat 280 can be, for example, a metal oxide or metal nitride
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layer. For example, the overcoat 280 can be titania having a thickness in the range of
10 A to 100 A, such as 20 A to 80 A, such as 30 A to 50 A, such as 30 A to 40 A.
[0097] Another exemplary non-limiting coating 330 is shown in Figure 6. This
exemplary coating 330 includes a base layer or first dielectric layer 340 deposited over
at least a portion of a major surface of a substrate (e.g., the No. 2 surface 16 of the
first ply 12). The first dielectric layer 340 can be similar to the first dielectric layer 40
described above. For example, the first dielectric layer 340 can be a single layer or
can comprise more than one film of antireflective materials and/or dielectric materials,
such as, but not limited to, metal oxides, oxides of metal alloys, nitrides, oxynitrides,
or mixtures thereof. The first dielectric layer 340 can be transparent to visible light.
Examples of suitable metal oxides for the first dielectric layer 340 include oxides of
titanium, hafnium, zirconium, niobium, zinc, bismuth, lead, indium, tin, and mixtures
thereof. These metal oxides can have small amounts of other materials, such as
manganese in bismuth oxide, tin in indium oxide, etc. Additionally, oxides of metal
alloys or metal mixtures can be used, such as oxides containing zinc and tin (e.g., zinc
stannate, defined below), oxides of indium-tin alloys, silicon nitrides, silicon aluminum
nitrides, or aluminum nitrides. Further, doped metal oxides, such as antimony or
indium doped tin oxides or nickel or boron doped silicon oxides, can be used. The first
dielectric layer 340 can be a substantially single phase film, such as a metal alloy oxide
film, e.g., zinc stannate, or can be a mixture of phases composed of zinc and tin oxides
or can be composed of a plurality of films.

[0098] For example, the first dielectric layer 340 (whether a single film or multiple
film layer) can have a thickness in the range of 100 A to 800 A, such as 100 A to 600
A, such as 200 A to 800 A, such as 400 A to 500 A, such as 440 A to 500 A.

[0099] The first dielectric layer 340 can comprise a multi-film structure having a first
film 342, e.g., a metal alloy oxide film, deposited over at least a portion of a substrate
(such as the inner major surface 16 of the first ply 12) and a second film 344, e.g., a
metal oxide or oxide mixture film, deposited over the first metal alloy oxide film 342.
In one non-limiting embodiment, the first film 342 can be zinc stannate.

[00100] For example, the first film 342 can be zinc stannate and the second film 344
can be zinc oxide (for example, 90 wt.% zinc oxide and 10 wt.% tin oxide). For
example, the first film 342 can comprise zinc stannate having a thickness in the range
of 50 A to 600 A, such as 50 A to 500 A, such as 75 A to 400 A, such as 200 A to 400
A, such as 300 A to 400 A, such as 355 A to 400 A.
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[00101] The second film 344 can comprise zinc oxide having a thickness in the range
of 50 A to 200 A, such as 50 A to 150 A, such as 85 A to 100 A.

[00102] A first heat and/or radiation reflective metallic layer 346 can be deposited
over the first dielectric layer 340. The first reflective layer 346 can include a reflective
metal, such as, but not limited to, metallic gold, copper, silver, or mixtures, alloys, or
combinations thereof. In one embodiment, the first reflective layer 346 comprises a
metallic silver layer having a thickness in the range of 25 A to 300 A, e.g., 50 A to 300
A eg., 50Ato250A, e.g.,, 50 Ato 200 A, such as 70 A to 200 A, such as 70 A to 100
A, such as 73 A to 100A.

[00103] Afirst primer layer 348 is located over the first reflective layer 346. The first
primer layer 348 can be a single film or a multiple film layer. The first primer layer 348
can include an oxygen-capturing material that can be sacrificial during the deposition
process to prevent degradation or oxidation of the first reflective layer 346 during the
sputtering process or subsequent heating processes. The first primer layer 348 can
also absorb at least a portion of electromagnetic radiation, such as visible light,
passing through the coating 330. Examples of materials useful for the first primer layer
348 include titanium, Inconel, Stellite®, and mixtures thereof. For example, the first
primer layer 348 can be a multi-film layer having a first primer film 349 and a second
primer film 351. The first and second primer films 349, 351 are typically of different
materials. For example, the first primer film 349 can be Inconel having a thickness in
the range of 1 Ato 10 A, e.g., 1 Ato 5 A. The second primer film 351 can be titanium
having a thickness in the range of 5 Ato 20 A, e.g., 10 Ato 15 A

[00104] A second dielectric layer 350 is located over the first reflective layer 346
(e.g., over the first primer layer 348). The second dielectric layer 350 can comprise
one or more metal oxide or metal alloy oxide-containing films, such as those described
above with respect to the first dielectric layer 340. For example, the second dielectric
layer 350 can include a first metal oxide film 352, e.g., a zinc oxide film, deposited over
the first primer film 348 and a second metal alloy oxide film 354, e.g., a zinc stannate
(Zn2Sn04) film, deposited over the first zinc oxide film 352. An optional third metal
oxide film 356, e.g., another zinc oxide layer, can be deposited over the zinc stannate
layer.

[00105] The second dielectric layer 350 can have a total thickness (e.g., the

combined thicknesses of the layers if more than one layer is present) is in the range
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of 50 Ato 1000 A, e.g., 50 Ato 800 A, e.g., 100 Ato 800 A, e.g., 200 Ato 800 A, e.g.,
500 Ato 700 A e.g., 650 A to 700 A.

[00106] For example, for a multi-film layer, the zinc oxide film 352 (and optional third
zinc oxide film 356, if present) can have a thickness in the range of 10 A to 200 A |
e.g., 50At0200A, e.g., 50 Ato 150 A, e.g., 50 Ato 75 A. The metal alloy oxide layer
(zinc stannate) 54 can have a thickness in the range of 50 A to 800 A, e.g., 50 A to
500 A, e.g., 100 Ato 500 A, e.g., 400 A to 500 A.

[00107] A reflective metallic layer 358 is located over the second dielectric layer 350
(e.g., over the third zinc oxide film 356, if present, or over the zinc stannate film 354 if
not). In one non-limiting embodiment, the second reflective layer 358 comprises silver
having a thickness in the range of 50 A to 300 A, e.g., 100 Ato 200 A, e.g., 150 A to
200 A, eg., 170 Ato 200 A.

[00108] A second primer layer 372 can be deposited over the second reflective layer
358. The second primer layer 372 can be as described above with respect to the first
primer layer 348. For example, the second primer layer 372 can be a multi-film layer
having a first primer film 371 and a second primer film 373. The first and second
primer films 371, 373 are typically of different materials. For example, the first primer
film 371 can be Inconel having a thickness in the range of 1 Ato 15 A, e.g., 5A to 10
A. The second primer film 373 can be titanium having a thickness in the range of 5 A
to20A, eg, 10Ato 15 A

[00109] A third dielectric layer 374 can be deposited over the second reflective layer
358 (e.g., over the second primer film 372). The third dielectric layer 374 can also
include one or more metal oxide or metal alloy oxide-containing layers, such as
discussed above with respect to the first and second dielectric layers 340, 350. In one
example, the third dielectric layer 374 is a multi-film layer similar to the second
dielectric layer 350. In one non-limiting example, the third dielectric layer 374 is a
multi-film layer having a first metal oxide layer 376, e.g., a zinc oxide layer, deposited
over the second primer layer 372, and a second metal alloy oxide layer 378, e.g., a
zinc stannate layer, deposited over the zinc oxide layer 376. In one non-limiting
embodiment, the zinc oxide layer 376 can have a thickness in the range of 25 A to 200
A, such as 50 A to 150 A, such as 100 A to 150 A. The zinc stannate layer 378 can
have a thickness in the range of 25 A to 500 A, e.g., 50 Ato 500 A, e.g., 100 A to 400
A e.g.,200Ato 350 A, e.g., 300 Ato 350 A, e.g., 320 Ato 350 A.
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[00110] In one non-limiting example, the total thickness of the third dielectric layer
374 (e.g., the combined thicknesses of the zinc oxide and zinc stannate layers) is in
the range of 100 A to 800 A, e.g., 200 Ato 600 A, e.g., 250 A to 500 A, e.g., 470 A to
500 A

[00111] An overcoat 380 can be located over the third dielectric layer 374. The
overcoat 380 can help protect the underlying coating layers from mechanical and
chemical attack. The overcoat 380 can be, for example, a metal oxide or metal nitride
layer. For example, the overcoat 380 can be titania having a thickness in the range of
10 A to 100 A, such as 20 A to 80 A, such as 30 A to 50 A, such as 30 A to 40 A.
[00112] The following Examples illustrate various embodiments of the invention.
However, it is to be understood that the invention is not limited to these specific
embodiments.

[00113] In one aspect, a coating is flashed in a pattern to produce a transmittance
and/or reflective pattern in the coating. Patterns in coatings are useful for a variety of
reasons, ranging from the aesthetic to the functional. For example, a pattern may be
produced to make a transparency more visible to wildlife, e.g. to reduce collisions with
birds, to create a desirable aesthetic effect, or to create a partial privacy screen or a
graded density or effect. In another aspect, a coating is patterned to create a pattern
of low resistivity, e.g. circuits, in the coating, for example, for use in electro-optical
devices. In one aspect, the pattern is created by interposing a filter or opaque object
or mask, such as a sheet between the flash lamp and the coating to be flashed.
[00114] Referring to Figure 7, a coating 430, e.g., deposited over at least a portion
of a major surface of a substrate (e.g., the No. 2 surface 16 of the first ply 12), is
flashed as described herein using a flash lamp 432. A mask 434 is interposed between
the flash lamp 432 and the coating 430, producing a shadowing effect, resulting in
differential application of light in a pattern on the coating 430. Because the shadowing
effect causes different light treatment over the surface of the coating layers of the
coating are exposed to different light intensities, and therefore result in a pattern of
any aspect of layer(s) of the coating affected by the light, including but not limited to
changes in transmittance or reflective color values (e.g. L*a*b* values), transmittance,
reflectivity, haze, crystallinity, and/or sheet resistance. The mask 434 is shown in an
intermediary position between the flash lamp 432 and coating 430. In practice, the
mask can be placed at any position between the lamp 432 and coating 430 effective

to produce a desired masking effect. Because the light source is incoherent and not
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necessarily a point source, in one aspect, it may be preferable to place the mask 434
directly on, or as close as possible to the coating 430 to create a more sharply-defined
pattern. In another aspect, it may be preferable to place the mask as shown, or in a
position between the coating 430 and the flash lamp 432 to create a softer, less
sharply-defined pattern. As would be apparent to one of ordinary skKill, the use of a
star as the mask 434 is merely exemplary, and the mask 434 can have any desired
shape and transparency, and, when less than 100% opaque, the mask 434 can have
a desired coloring and/or transmittance (acting as a color or neutral density filter) to
filter the light from the flash lamp 432, effecting a partial masking of the coating 430.
In other aspects, multiple masks may be used. In still other aspects, the mask 434
may have a gradient of transmittance (acting as a neutral density gradient filter) and/or
color (acting as a color gradient filter), to produce a gradient pattern on the coating
430.

Example 1

[00115] ITO-coated glass articles were prepared by MSVD deposition of an ITO
layer onto 3.2mm thick float glass in argon with varying pressure and percentages of
02, to the thickness indicated in Figure 8. The articles were flashed at room
temperature (~22°C) with a single pulse of 500 micro seconds and ~4-5 J/icm?. Sheet
resistance was measured using a four point probe and results are provided in Figure
8. Adequate sheet resistance (<30Q/o), with sheet resistances of less than 20 Q/o for
layers of over 125 nm. Emissivity for the same coated articles was evaluated by
standard methodology, with the results depicted in Figure 9, showing that for ITO
layers of over 150nm in thickness, and especially in the range of from 250nm to 350
nm, emissivity changes over two- to five-fold and is raised to 35 Q/o.

Example 2

[00116] ITO-coated articles were prepares essentially as indicated in Example 1,
except that the pressure, O2 percentage and thicknesses were varied as indicated in
Figures 10A and 10B. The samples were flashed with a ~500 microseconds pulse
from a Xenon lamp at ~4-5 J/cm? Hall measurements (carrier concentration and
carrier mobility) were measured by standard methods. As can be seen in Figures 10A
and 10B, carrier mobility and concentration increased after flashing, indicating an
overall increase in conductivity, but the greatest increase in carrier concentration was
seen for the ITO deposited at 4mTorr and 1.5% Ooz.
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Example 3

[00117] ITO-coated articles were prepared essentially as in Example 1, with the
exception that all samples had ITO layers of 250nm thickness, deposited by MSVD in
argon at 4 mTorr, with 0%, 1.5%, or 2.5% O2. Transmission was measured
spectrophotometrically, and Normalized absorption was calculated from transmission
and reflection data. Results are shown in Figures 11A and 11B. Integrated
transmittance is indicated for two sample sets. Samples were flashed with a single
pulse of ~500 microseconds at ~4-5 J/cm? Significant differences are seen in
transmittance and normalized absorption between pre-flashed and flashed samples
within the visible and near infrared spectra for 0% and 1.5% Oz samples, while little
effect is see with 2.5% O3, indicating that oxygen-deficient ITO is more reactive to
flashing.

Example 4

[00118] ITO-coated articles were prepares essentially as indicated in Example 1,
except that the pressure, Oz percentage was 3 mTorr and 2.5% Oz, and thicknesses
were varied as indicated in Figure 12. The samples were flashed with a ~500
microseconds pulse from a Xenon lamp at ~4-5 J/cm?. Sheet resistance and integrated
transmittance were evaluated by standard methods. As can be seen in Figure 12, for
ITO deposited at 4mTorr and 1.5% Oz, for sheets ranging from 250 nm to greater than
650 nm low sheet resistance and transmittance can be obtained by flash annealing.
Example 5

[00119] ITO-coated articles were prepared essentially as described in Example 1,
with the exception that the ITO layer thickness was approximately 300nM. Different
ITO deposition conditions were used, resulting in absorption coefficient spectra as
indicated in Figure 13A, determined by standard methodology. The samples were
flashed with a ~500 microseconds pulse from a Xenon lamp at ~4-5 J/cm2. X-ray
diffraction (XRD) traces were obtained by standard methodology for each sample
(Figure 13B). As can be seen in Figure13A, as the absorption coefficient increases
for light between 425nm and 500nm, the penetration depth of the light decreases, and
a shifting and enhancement of XRD peaks is seen for sample 2, while a splitting or
bifurcating of peaks is seen for sample 3, indicative of the formation of two sub-layers
from a single ITO layer.

[00120] As shown in Figure 13A, the absorption coefficient of the layer affects the

penetration depth of the flash. For layers of sufficient thickness and having sufficiently
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high absorption coefficients, the depth of penetration of the flash into the layer can be
modulated such that the layer is only partially transformed, resulting in a split ITO layer
having different physical characteristics. In such an instance, the ITO layer can be
bifurcated into a first layer (closer to the flash lamp) that is physically converted by the
flash, and a second layer (farther away from the flash) that is not. Thus, as shown in
Figure 13B, coatings with larger absorption coefficient (lower penetration depth) shows
splitting. Coatings with intermediate absorption coefficient (and penetration depth)
show shifting of the peaks. Coatings with highest penetration depth (lowest
absorption) exhibit nearly no change in XRD pattern.

Example 6

[00121] ITO-coated articles were prepared essentially as described in Example 1,
with the exception that the ITO layer thickness was as indicated in Figure 14, and ITO
was deposited at 4mTorr with 1.5%02. The samples were flashed with a ~500
microseconds pulse from a Xenon lamp at ~4-5 J/cm?2. XRD diffraction traces are
provided in Figure 14. As can be seen, all thicknesses exhibited transformation as a
result of flashing, but as the thickness of the layer increased, e.g. beyond the effective
penetration depth of the light pulse for this particular ITO composition, bifurcation of
the layer into two physically-different sub-layers is seen with thicknesses over 186 nm.
For different ITO and TCO compositions, and for different flash spectra and intensities,
bifurcation is expected to begin at different thicknesses.

Example 7

A 12” X 12”7 sheet of a MSVD coating product was prepared on monolithic glass
essentially as described in United States Patent Application Publication No.
20110117300, with, in order: substrate, a first dielectric layer (40-55nm), a reflective
layer (5.5-8.5 nm), a primer layer (0.5-6nm), a second dielectric layer (15-45nm), and
a protective layer of up to 15 nm. These thicknesses are for an annealed product. It
was found that use of primer thicknesses in this range resulted in haze and loss of
visual quality after flashing. The nominal product described above was therefore
modified to increase both primer thicknesses by 1kW, to increase both primer
thicknesses by 1.5 kW and to decrease top and center oxides by 3kW, or to increase
both primer thicknesses by 2 kW and to decrease top and center oxides by 3kW.
[00122] NovaCentrix PulseForge 1300 system was used for flash heating the test
substrates. The stage was set at a z-height of 13 mm. For the 'process development’,

2"x2" squares of the coated glass were used with the PulseForge set to flash one time
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in 'fixed position' mode. The sheet resistance of these samples was measured before
and after flash processing via 4-point probe.

[00123] The samples submitted for analytical analysis were 4'"x4". The flash
parameters used were the set identified as preferred based on the 2"x2" results, but
as the piece was larger than the region covered by a single flash event, the mode was
shifted to "once through" with overlap set at 2.0 and throughput set at 10 ft/min.
[00124] Figure 15 shows flash conditions used in this assessment. The '"TkW' series
of samples are all cut from one of the 12x12s of Sungate 460 with the primer increased
by 1 kW, the '1.SkW' series of samples are all cut from one of the 12x12s of Sungate
460 with the primer increased by 1.5 kW, and the '2kW' series of samples are all cut
from one of the 12x12s of Sungate 460 with the primer increased by 2 kW. The 'Norn'
series of samples are the cut from a 12x12 of nominal Sungate 460. The 'before flash'
sheet resistances showed slight differences between the versions, with the nominal
Sungate 460 before-flash sheet resistivity of approximately 3.68 Q/sq. being the
highest, the '"1TkW'" and '1.SkW' series showing approximately 3.58 Q/sqg. and the '2kW'
series measuring close to 3.63 Q/sq.

[00125] The lowest after-flash sheet resistivity sample from each 12x12 is
highlighted in green. Note that in three of the green highlighted samples used 640V
and 500pus pulse duration for the flash annealing. Of these results, the three lowest
after-flash resistances overall involved '1.5kW' pieces under different flash conditions.
The 12x12 showing the least benefit from the flash process was the sample A. "DAM"
in the Rs after flash column is used to indicate a presumption of damage to the coating
as a result of the flash; in these cases it is believed that the flash power, which
increases both with increasing voltage and with increasing duration, was higher than
the optimal level.

[00126] Based on this result, a 4"x4" piece of the 1.5 kW material was cut and
flashed under the same flash setpoints (using "Once Through" mode, as described
above}. Three total 4"x4" samples were prepared and submitted for emissivity and
SHGC characterization, as follows: Sample A (NOM-4x4), unflashed Sample C, and
flashed Sample C. Figures 16 and 17 are tables showing the visible color and
performance properties, as simulated integrated into insulated glass devices using two
lites of 3.2 mm clear glass and a 0.5” air gap, for five different coatings: the three
described 4’X4” samples, a commercial annealed product, and a commercial

tempered version of the annealed product.
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[00127] As seen in Figure 15, the lowest after-flash sheet resistivity is highlighted.
Three of the highlighted samples used 640V and 500 us flash duration, and the three
lowest after-flash sheet resistances involved 1.5kW primer pieces. Samples marked
‘DAM” were presumably damaged as a result of the flashing above an optimal range.
Pieces of the 1.5 kW material were then flashed as above and compared to the
nominal product described above and to commercial non-tempered (Sungate 460) and
tempered (Sungate 460VT) commercial products using a computer simulation of
insulated glass. As can be seen in Figure 16, the flash-processed sample is very
similar in color to the commercial products, with all three samples showing elevated
transmittance as compared to the commercial products. As can be seen in Figure 17,
the flash-processed samples showed lower emissivity and higher solar heat gain
coefficient.
Example 8
[00128] A three silver layer article was prepared essentially as described above, e.qg.
in reference to Figures 5 and 6, and corresponding to a commercial SOLARBAN® 70-
based coatings, with the goal of determining whether a TL* increase could be achieved
of a sufficient amount to be able to produce a non-tempered product that would closely
match the commercial tempered product.
[00129] A sample set of variations on the non-annealed product was deposited on 5
mm clear glass. The sample set variations focused on changes in primer thicknesses
and thicknesses of continuous silver layers. A set of five flash processing conditions
was defined and performed on pieces cut from each coating; along with control
(unflashed) samples. A set of 102 samples was characterized and analyzed, and
optical modeling was used to determine layer thicknesses.
[00130] The 17 coating variations were compared to non-tempered (annealed) and
tempered (VT) samples as shown in Table 1

Table 1
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[00131] InTable1,the0, 1, 2, 3, and 221 are % increases in each of the continuous
silver layers. All the samples listed below ‘O’ were deposited using nominal silver
thickness (+0%) to each layer, each of the samples under ‘2’ had silver cathode power
increase by about 2%. The 221’ refers to 2% increase to the bottom silver, 2%
increase to the center silver, and 1% increase to the top silver. For the primers, 5
primer thicknesses were used, including annealed-level primer thickness, the VT level,
and three intermediate primers with the %s referring to the fraction of thickness
increase from annealed level to VT level. For example, sample “29C” was otherwise
identical to production SOLARBAN®70XL except (1) each of the silver layer power
levels (and therefore nominally silver thicknesses) was increased by about 2% and (2)
each primer cathode power level was at a setpoint 40% of the way from the annealed
power level increasing toward the VT power level.

[00132] Each sample was processed under 6 different flash processing conditions,
referred to as “-C”, and “-1” through “-5”. The interpretation of these suffixes is given
in Table 2:

Table 2

A NA NA

Unflashed control

660 500 2
660 500 1
620 500 1
675 500 1

Recipe 19

[00133] Recipe 19 refers to a set of flash conditions that was observed to produce
high TL* values. The process uses 19 flashes at generally increasing voltage as

follows:
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Table 3
1 540 500
2 545 500
3 550 500
4 555 500
5 560 500
6 560 500
7 560 500
8 560 500
9 565 500
10 567 500
11 569 500
12 569 500
13 571 500
14 573 500
15 575 500
16 577 500
17 579 500
18 581 500
19 583 500

[00134] Using this nomenclature, sample 36C-3 refers to a piece that was cut from
a coating that was otherwise identical to the baseline SOLARBAN® 70XL except that
it used VT primer power levels and was then flashed a single time at 620 V with a
duration of 500 us. The 100+ samples in this set allow for single variable comparisons
under multiple conditions.
Findings include:
o Samples with annealed level primer thicknesses were commonly
damaged by flash processing; some damage/hazing also was observed in the
30% primer increase samples;
o Samples with VT level primers were far off in transmitted color (high in
Tb*) if flashed heavily enough to improve transmissivity;
o Increases in TL* as high as 2.3 points were produced using multiple
flashes and as high as a 1.4 increase with a single flash (relative to the
production SOLARBAN® 70XL on 5 mm clear baseline sample);
o Flash processed samples were more optically similar to annealed stacks
than as VT stacks; and

o Thinner oxides would be necessary to maintain color;
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o Thicker silver layers would be necessary to maintain color (largest

increase to bottom Ag, smallest increase to top Ag).
[00135] Figure 18 compares TL* values between flash processed samples,
SOLARBAN® 70 spec, and relevant production coatings. The ‘single flash’ sample
was 35C-3 (baseline silver thickness, 50% primer intermediacy), and the multiple flash
sample was 35C-5. Both of these samples had notably higher TL* values than did the
SOLARBAN® 70XL on STARPHIRE® sample; it should be noted that the flashed
sample were on 5 mm clear, and an extra mm of clear would be expected to further
reduce TL* of the flashed samples by about 0.1.
[00136] A number of the samples (27C through 31C, all flash processes) were
assessed using computer modeling and were determined to be amenable to such
computer-based optimization processes. The samples were characterized and the
layer move %s were recorded. Table 4 below shows the suggested layer move % for
each layer from all the characterized —C samples in the 27C-31C (along with the
baseline 21C-C sample). “Nominal move” refers to the % change relative to baseline
power levels used for each sample (numbers were not exactly 1%, 2%, and 3% as the
cathode powers were adjusted in increments of 0.1 kW; actual adjustments used are
listed in the table). “Ti primer 22% over annealed level” indicates that these are the
40% primer intermediacy samples; 22% increase is close to 40% of the way from
annealed to the 56% increase needed to reach VT primer thickness. The “suggested
move” cells add the nominal move value to the to the estimated thickness adjustment
needed to retain color; assuming self-consistent behavior, these numbers should
ideally remain constant even as continuous silver thicknesses change (e.g., if the
required thickness adjustment at baseline silver thickness is an increase of 2%, self-
consistent behavior would expect the estimated required thickness adjustment after
a 2% increase to be 0%. 0% + 2% and 2% + 0% would give the same resulting
“Suggested Move” value).
[00137] The results indicated a fair degree of self consistency, with the thickness
adjustments needed to retain the SOLARBAN® 70XL aesthetic varying within a much
smaller range (~1%) relative to the changes implemented into the actual silver layers.
The final block of numbers shown, “Adjusted ‘Intrinsic’ Move”, normalizes the
estimated layer thickness adjustments required by the corresponding layer thickness
adjustment required for the baseline sample. The most significant effect of this is on

the center silver, where a 2.2% increase in center silver is estimated to be needed
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based on the optics. The intent of this bottom set of numbers is to describe a
hypothetical move that would adjust a stack that is optimized in its as-deposited state
to one that is optimized for a specific flash process (the previous “Suggested Move”
number set is optimized to adjust relative to the arbitrarily used baseline stack, which

can be assumed to be off thickness in several places by modest amounts even while

in color).
Table 4
"""""""""""""" Baseline Control samples (unflashed)
Layer 21C-C 27C-C 28C-C 29C-C 30C-C 31C-C
Base 34 33 33 3.6 3 3
Bottom Ag -04 -0.1 -1.9 -2 -4.4 -3
BC 0 -1.1 -1.1 -0.8 -1 -1.3
Center Ag 2.2 11 0.1 -1 -1.8 -1.5
TC -0.5 -0.7 -0.1 -04 -0.5 -04
Top Ag 0.5 0.1 -0.9 -1.9 -2.7 -1.1
Top -2.2 -4.3 -4.3 -4.5 -4.4 -4
Nominal Move (Ti primer 22% over annealed level)
B Ag 0 0.72 1.45 2.9 1.45
''''''''''''''''''''''''''''''''''''''''''''''''''''''' CAg 0 1.25 1.88 2.5 1.88
VVVVVVVVVVVVVVVVVVVVVVVVVVVV TAg 0 0.95 1.9 2.86 0.95
VVVVVVVVVVVVVVVVVVVVVVVVVVVV Suggested Move AVG
VVVVVVVVVVVVVVVVVVVVVVVVVVVV B Ag -0.1 -118 | -0.55 -1.5 -155 | -0.976
777777777777777777777777777 CAg 1.1 1.35 0.88 0.7 038 | 0.882
VVVVVVVVVVVVVVVVVVVVVVVVVVVV TAg 0.1 0.05 0 0.16 -0.15 | 0.032
VVVVVVVVVVVVVVVVVVVVVVVVVVVV Adjusted "Intrinsic" Move AVG
B Ag 0.3 -0.78 -0.15 -1.1 -1.15 -0.576
''''''''''''''''''''''''''''''''''''''''''''''''''''''' CAg -1.1 -0.85 | -1.32 -1.5 -1.82 | -1.318
VVVVVVVVVVVVVVVVVVVVVVVVVVVV TAg -0.4 -045 | -05 -034 | -0.65 | -0.468

[00138] From the tables, average ‘intrinsic’ silver layer thickness change
requirement that were calculated were compiled and compared between flash
processes; the results are shown in Figure 19. For the unflashed samples (-C), the
suggested moves are thickness reductions. This is interpreted as the model fitting
metallic Ti as excess Ag; in this interpretation, it seems possible that some metallic Ti
remains in the -3 samples as well (two of the moves are still reductions). The other
flash processes result in similar counterintuitive thickness adjustment estimates:
increase the bottom silver by 2.5-4.5%, the center silver by 1.2-2.5%, and the top silver
by 0.2-1.2%.
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[00139] AEcmc is a measure of the overall difference between color profiles of two
articles. AEcmc was determined for sample 35C-3 and for SOLARBAN® 70XL on
STARPHIRE® as compared to SOLARBAN® 70VT. Figure 20 shows that the 35C-3
sample is a significantly closer color match to the tempered product than SOLARBAN®
70XL on STARPHIRE®.
Example 9
[00140] A four silver layer article, with a single discontinuous (subcritical) silver layer
was prepared essentially as described above, e.g. in reference to Figures 3 and 4,
and corresponding to commercial SOLARBAN® 90-based coatings, with the goal of
determining whether a TL* increase could be achieved and useful color profiles could
be generated using single flashes, including 670V for 500us, 650V for 500us, 800V
for 200us, or 500V for 2000us, without damage to the article. Although some flash
conditions resulted in less-desirable, e.g., high b* (yellowing) CIELAB L*a*b* profiles,
transmittance generally increased and the color profile was responsive to the flash
processing, with a reduction in haze with increasing primer thicknesses.
[00141] The following clauses provide examples of various aspects of the disclosure:
1. A method of producing a coated transparency, comprising
a. depositing a stack of thin layers on a transparent substrate, the stack
comprising a first dielectric layer over at least a portion of the substrate; a first
discontinuous metal layer over at least a portion of the first dielectric layer;
and a first primer layer over at least a portion of the first discontinuous metal
layer; and
b. flashing the transparency at a temperature ranging from 10°C to 50°C or
ranging from 20°C to 30°C, with a single flash of non-coherent light in the
visible spectrum with an intensity ranging from 1 J/cm? to 7 J/cm? for a pulse
length of up to 10 ms, thereby increasing visible light transmittance of the
transparency.
2. The method of clause 1, further comprising depositing either between the
transparent substrate and the first dielectric layer, or between the first primer layer
and the protective coating: a second dielectric layer; a first continuous metal layer
over at least a portion of the second dielectric layer; and a second primer layer over

at least a portion of the first continuous metal layer.
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3. The method of clause 2, wherein the second dielectric layer, the first
continuous metal layer, and the second primer layer are deposited between the
transparent substrate and the first dielectric layer.

4. The method of clause 1 or 2, wherein the stack further comprises a third
dielectric layer over at least a portion of the first or second primer layer; a second
continuous metal layer over at least a portion of the third dielectric layer; and a third
primer layer over at least a portion of the second continuous metal layer and beneath
the protective coating.

5. The method of clause 4, wherein the stack further comprises, over at least a
portion of the first, second or third primer layer: a fourth dielectric layer; a third
continuous metal layer over at least a portion of the fourth dielectric layer; and a
fourth primer layer over at least a portion of the third continuous metal layer.

6. The method of clause 5, comprising: the second dielectric layer over at least
a portion of the transparent substrate; the first continuous metal layer over at least a
portion of the second dielectric layer; the second primer layer over at least a portion
of the first continuous metal layer; the first dielectric layer over at least a portion of
the second primer layer; the first discontinuous metal layer over at least a portion of
the first dielectric layer; the first primer layer over at least a portion of the first
continuous metal layer; the third dielectric layer over at least a portion of the first
primer layer; the second continuous metal layer over at least a portion of the third
dielectric layer; the third primer layer over at least a portion of the second continuous
metal layer; the fourth dielectric layer over at least a portion of the third primer layer;
the third continuous metal layer over at least a portion of the fourth dielectric layer;
the fourth primer layer over at least a portion of the third continuous metal layer; a
fifth dielectric layer over at least a portion of the fourth primer layer; and the
protective coating over at least a portion of the fifth dielectric layer,

7. The method of any one of clauses 1-6, wherein a primer layer has a thickness
ranging from 1 nm to 2 nm.

8. The method of any one of clauses 1-7, wherein the visible light transmittance
of the coated transparency is increased by the flash pulse.

9. The method of any one of clauses 1-7, wherein the sheet resistance of the
transparency is decreased to 2 Q/o or less after a single flash pulse.

10.  The method of any one of clauses1-9, wherein the non-coherent light source

is a xenon flash lamp.
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11.

The method of any one of clauses 1-10, wherein the flash pulse ranges from

0.2ms to 2ms.

12.

The method of any one of clauses 1-11, wherein the first primer comprises

metallic titanium, an austenitic nickel-chromium alloy (e.g. INCONEL®), or a cobalt-
chromium alloy (e.g. STELLITE®).

13.

14.

o 0o T o

o

A non-tempered transparency comprising:

a clear glass substrate of thickness greater than 2.0 mm,;

a first dielectric layer over at least a portion of the glass substrate;

a first silver layer over at least a portion of the first dielectric layer;

a first titanium layer over at least a portion of the first silver layer and having a
thickness ranging from 1 to 2 nm;

a second dielectric layer over at least a portion of the first titanium layer;

a second silver layer over at least a portion of the second dielectric layer;

a second titanium layer over at least a portion of the second silver layer and
having a thickness ranging from 1 to 2 nm; a first dielectric layer over at least
a portion of the glass substrate;

a third dielectric layer over at least a portion of the second titanium layer;

a third silver layer over at least a portion of the third dielectric layer;

a third titanium layer over at least a portion of the third silver layer and having
a thickness ranging from 1 to 2 nm; a first dielectric layer over at least a
portion of the glass substrate;

a fourth dielectric layer over at least a portion of the third titanium layer; and
a protective coating over at least a portion of the fourth dielectric layer,
wherein the transparency has normal or near normal, e.g., within 8° from
normal, transmitted aesthetic CIELAB L*a*b* values of L* ranging from 87 to
89, a* ranging from -3 to -5, b* ranging from 3 to 5, and/or a ratio of
transmittance to SHGC of greater than 2.2, for example, h the transparency
has normal or near normal, e.g., within 8° from normal, transmitted aesthetic
CIELAB L*a*b* values of L* ranging from 87 to 89, a* ranging from -3 to -5,
and b* ranging from 3 to 5.

A method of flash annealing a transparency, the transparency comprising: a

transparent substrate, a first dielectric layer over at least a portion of the substrate, a

first continuous metal layer over at least a portion of the first dielectric layer, a first

primer layer over at least a portion of the first metal layer, a second dielectric layer
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over at least a portion of the first primer layer, a second continuous metal layer over
at least a portion of the second dielectric layer, and a second primer over at least a
portion of the second metal layer, comprising, flashing the transparency at a
temperature ranging from 10°C to 50°C or ranging from 20°C to 30°C, with a flash of
non-coherent light in the visible spectrum with an intensity ranging from 1 J/cm? to 7
J/icm? for a pulse length of up to 10 ms, thereby increasing visible light transmittance
or decreasing emissivity of the transparency.
15. The method of clause 14, wherein the flashing produces a transparency
having normal or near normal, e.g., within 8° from normal, transmitted aesthetic
CIELAB color values matching a non-flashed, tempered product.
16. The method of clause 15, wherein the non-flashed, tempered product is a
tempered product having the same layer structure (that is, the same layers in the
same order, but not necessarily the same thickness).
17.  The method of clause 15, wherein the transparency and the non-flashed,
tempered product have the layer structure:

a. aglass substrate;
a first dielectric layer over at least a portion of the glass substrate;
a first silver layer over at least a portion of the first dielectric layer;
a first primer layer over at least a portion of the first silver layer;

a second dielectric layer over at least a portion of the first primer layer;

-~ 0 o 0 T

a second silver layer over at least a portion of the second dielectric layer;

a second primer layer over at least a portion of the second silver layer;

=5 @

a third dielectric layer over at least a portion of the second primer layer;

a third silver layer over at least a portion of the third dielectric layer;

j. athird primer layer over at least a portion of the third silver layer; and

k. a protective coating over at least a portion of the third primer layer.
18. The method of any one of clauses 14-17, wherein the metal of the metal layer
is silver.
19. The method of clause 18, wherein the transparency and the non-flashed
product have the layer structure:

a. afloat glass substrate;

b. a first dielectric layer over at least a portion of the glass substrate;

c. afirst silver layer over at least a portion of the first dielectric layer;
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d. a first titanium layer over at least a portion of the first silver layer and having a

thickness ranging from 1 to 2 nm;

e. a second dielectric layer over at least a portion of the first titanium layer;

f.

a second silver layer over at least a portion of the second dielectric layer;

g. a second titanium layer over at least a portion of the second silver layer and

having a thickness ranging from 1 to 2 nm;

h. a third dielectric layer over at least a portion of the second titanium layer;

J.

a third silver layer over at least a portion of the third dielectric layer,;
a third titanium layer over at least a portion of the third silver layer and having

a thickness ranging from 1 to 2 nm; and

k. a protective coating over at least a portion of the third titanium layer,

20.

layers, comprising:

wherein the transparency has a normal or near normal, e.g., within 8° from
normal, transmitted aesthetic CIELAB L*a*b* value of L* ranging from 87 to
89, a* ranging from -3 to -5, and b* ranging from 3 to 5.

A method of producing a coated substrate comprising a plurality of metallic

a. depositing a stack of thin layers on a substrate, the stack comprising a first

dielectric layer over at least a portion of the substrate, a first metal layer over
at least a portion of the first dielectric layer, a first primer over at least a
portion of the first metal layer, a second dielectric layer over at least a portion
of the first primer layer; a second metal layer over at least a portion of the
second dielectric layer; and a second primer layer over at least a portion of

the second metal layer; and

b. flashing the transparency at a temperature ranging from 10°C to 50°C, or

21.

ranging from 20°C to 30°C, with a single flash of non-coherent light in the
visible spectrum with an intensity ranging from 1 J/cm? to 10 J/cm? for a pulse
length of up to 10 ms, wherein a mask is placed between the light source and
the stack of thin layers such that at least a portion of the flash is masked such
that light from the flash is partially blocked by the mask from reaching the
stack of thin layers, and reaches only a portion of the stack of thin layers,
thereby producing a pattern of reflected color, transmitted color, differential
sheet resistance, and/or emissivity in the stack of thin layers.

The method of clause 20, wherein the substrate is a transparent substrate.

43



WO 2019/028274 PCT/US2018/045042

[00142] It will be readily appreciated by those skilled in the art that modifications may
be made to the invention without departing from the concepts disclosed in the
foregoing description. Accordingly, the particular embodiments described in detall
herein are illustrative only and are not limiting to the scope of the invention, which is

to be given the full breadth of the appended claims and any and all equivalents thereof.
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We claim

1. A method of producing a coated transparency, comprising

a. depositing a stack of layers on a transparent substrate, the stack comprising a first
dielectric layer over at least a portion of the substrate; a first discontinuous metal layer
over at least a portion of the first dielectric layer; and a first primer layer over at least a
portion of the first discontinuous metal layer, thereby forming the coated transparency;
and

b. flashing the coated transparency of the depositing step at room temperature, with more
than one flash of non-coherent light in the visible spectrum from a source with an
intensity ranging from 1 J/cm? to 7 J/cm? for a pulse length of above 0 ms and up to 10

ms, thereby increasing visible light transmittance of the coated transparency.

2. The method of claim 1, wherein the first primer layer has a thickness ranging from 1 nm
to 2 nm.

3. The method of claim 1, wherein the source of the non-coherent light source is a xenon
flash lamp.

4. The method of claim 1, wherein each of the more than one flash ranges from 0.2 ms to 2
ms.

5. The method of claim 1, wherein the first primer layer comprises metallic titanium, an

austenitic nickel-chromium alloy, or a cobalt-chromium alloy.

6. A method of flash annealing a transparency, the transparency comprising: a transparent
substrate, a first dielectric layer over at least a portion of the substrate, a first metal layer over at
least a portion of the first dielectric layer, a first primer layer over at least a portion of the first
metal layer, a second dielectric layer over at least a portion of the first primer layer, a second
metal layer over at least a portion of the second dielectric layer, and a second primer layer over
at least a portion of the second metal layer, comprising, flashing the transparency at room
temperature, with more than one flash of non-coherent light in the visible spectrum from a
source with an intensity ranging from 1 J/cm? to 7 J/cm? for a pulse length of above 0 ms and up
to 10 ms, thereby increasing visible light transmittance or decreasing emissivity of the
transparency.

7. The method of claim 6, wherein the transparency further comprises: a third dielectric
layer over at least a portion of the second primer layer; a third metal layer over at least a portion
of the third dielectric layer; a third primer layer over at least a portion of the third metal layer;

and a protective layer over at least a portion of the third primer layer.
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8. The method of claim 6, wherein the first metal layer and the second metal layer
comprise silver.

9. The method of claim 7, wherein the transparent substrate is a float glass substrate;
wherein the first metal layer comprises silver; wherein the first primer layer comprises titanium
having a thickness ranging from 1 nm to 2 nm; wherein the second metal layer comprises silver;
wherein the second primer layer comprises titanium having a thickness ranging from 1 to 2 nm;
wherein the third metal layer comprises silver; and wherein the third primer layer comprises
titanium having a thickness ranging from 1 to 2 nm.

10. The method of claim 6, further comprising placing a mask between the source of the
more than one flash of non-coherent light and the transparency such that at least a portion of
each flash of the more than one flash is masked such that the non-coherent light from each
flash of the more than one flash is partially blocked by the mask from reaching the transparency,
and reaches only a portion of the transparency, thereby producing a pattern of reflected color,
transmitted color, differential sheet resistance, and/or emissivity in the transparency.

11. A method of flash annealing a transparency, the transparency comprising: a transparent
substrate, a first dielectric layer over at least a portion of the substrate, a first metal layer over at
least a portion of the first dielectric layer, a first primer layer over at least a portion of the first
metal layer, a second dielectric layer over at least a portion of the first primer layer, a second
metal layer over at least a portion of the second dielectric layer, a second primer layer over at
least a portion of the second metal layer, a third dielectric layer over at least a portion of the
second primer layer, a third metal layer over at least a portion of the third dielectric layer, a third
primer layer over at least a portion of the third metal layer, a fourth dielectric layer over at least a
portion of the third primer layer, a fourth metal layer over at least a portion of the fourth dielectric
layer, a fourth primer layer over at least a portion of the fourth metal layer, and a protective layer
over at least a portion of the fourth primer layer; wherein the second or third metal layer is a
discontinuous metal layer, comprising, flashing the transparency at room temperature, with
more than one flash of non-coherent light in the visible spectrum from a source with an intensity
ranging from 1 J/cm? to 7 J/cm? for a pulse length of above 0 ms and up to 10 ms, thereby
increasing visible light transmittance or decreasing emissivity of the transparency.

12. The method of claim 1, wherein the coated transparency has a sheet resistance which is

decreased to 2 Q/o or less after flashing.
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