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ablations. In some embodiments, the randomized ablation pattern

may comprise a randomized variation in one or more geometrical

characteristics of a group of segments. In some examples, the geometrical characteristic(s) may include a distance characteristic, an
orientation characteristic, and/or a shape characteristic, etc. According to various embodiments, the randomized ablation pattern may
be configured to reduce diffraction and/or scatter of light incident on the surface ablations as compared to some other ablation patterns.
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CONTROLLED RANDOMIZATION OF ELECTROCHROMIC ABLATION
PATTERNS

BACKGROUND

[0001] Electrochromic devices include electrochromic materials that are known to change their
optical properties, such as coloration, 1n response to the application of an electrical potential
difference, thereby making the device more or less transparent or more or less reflective. Typical
electrochromic (“EC”) devices include a counter electrode layer (“CE layer™), an electrochromic
material layer ("EC layer™) which 1s deposited substantially parallel to the counter electrode
layer, and an 1onically conductive layer (“IC layer) separating the counter electrode layer from
the electrochromic layer respectively. In addition, two transparent conductive layers (“TC
layers™) respectively are substantially parallel to and in contact with the CE layer and the EC
layer. The EC layer, IC layer, and CE layer can be referred to collectively as an EC film stack,
EC thin film stack, etc. The EC film stack, and conductive layers on opposite sides of the EC
film stack, can be referred to collectively as an “EC stack”.

[0002] When an electrical potential difference, also referred to herein as a “voltage difference”,
1s applied across the layered structure of the electrochromic device, such as by connecting the
respective TC layers to a low voltage electrical source, 1ons, which can include Li+ 10ns stored in
the CE layer, flow from the CE layer, through the IC layer and to the EC layer. In addition,
electrons flow from the CE layer, around an external circuit including a low voltage electrical
source, to the EC layer so as to maintain charge neutrality in the CE layer and the EC layer. The
transfer of 1ons and electrons to the EC layer causes the optical characteristics of the EC layer,
and optionally the CE layer in a complementary EC device, to change, thereby changing the
coloration and, thus, the transparency of the electrochromic device.

[0003] Changes 1n coloration of a medium, which can include one or more layers, stacks,
devices, etc., can be described as changes in “transmission” of the medium. As used herein,
transmission refers to the permuttance of the passage of electromagnetic (EM) radiation, which
can include visible light, through the medium, and a “transmission level™ of the medium can refer
to a transmittance of the medium. Where a medium changes transmission level, the medium may
change from a clear transmussion state (“full transmission level”) to a transmission level where a
reduced proportion of incident EM radiation passes through the medium. Such a change 1n
transmission level may cause the coloration of the medium to change, the transparency to change,
etc. For example, a medium that changes from a full transmission level to a lower transmission

level may be observed to become more opaque, darker in coloration, etc.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1A 1illustrates a perspective view of an example apparatus that may include one or
more electrochromic (EC) devices and one or more substrates, where at least one EC device
comprises surface ablations according to a randomized ablation pattern, in accordance with some
embodiments.

[0005] FIGS. 1B-1D each 1illustrates a schematic side view of a respective example EC device,
which may include one or more conductive layers comprising surface ablations arranged
according to one or more randomized ablation patterns, 1n accordance with some embodiments.
[0006] FIG. 2 1llustrates an example non-randomized ablation pattern that may be modified to an
example randomized ablation pattern with a randomized variation 1n a distance characteristic, in
accordance with some embodiments.

[0007] FIG. 3 illustrates an example randomized ablation pattern with a randomized variation in
an orientation characteristic, 1n accordance with some embodiments.

[0008] FIG. 4 illustrates an example randomized ablation pattern with randomized varation(s) in
multiple geometrical characteristics (e.g., a randomized variation in a distance characteristic and
a randomized variation 1n an orientation characteristic), in accordance with some embodiments.
[0009] FIG. 5 1llustrates a portion of an example randomized ablation pattern with a randomized
variation in a shape characteristic, in accordance with some embodiments.

[0010] FIG. 6 1llustrates a perspective view of an example EC film stack and a conductive layer
that 1s structured with regions of different sheet resistances based at least in part on a randomized
ablation pattern, 1n accordance with some embodiments.

[0011] FIG. 7 1s a flow chart of an example method of structuring an EC device with surface
ablations according to a randomized ablation pattern, in accordance with some embodiments.
[0012] FIG. 8 1s a flow chart of an example method of determining a randomized ablation
pattern, in accordance with some embodiments.

[0013] FIG. 9 1s a block diagram 1llustrating an example computer system that may be used in
some embodiments.

[0014] The various embodiments described herein are susceptible to various modifications and
alternative forms. Specific embodiments are shown by way of example in the drawings and will
herein be described 1in detail. It should be understood, however, that the drawings and detailed
description thereto are not intended to limit the disclosure to the particular form disclosed, but on
the contrary, the intention 1s to cover all modifications, equivalents and alternatives falling within
the spirit and scope of the appended claims. The headings used herein are for organizational
purposes only and are not meant to be used to limit the scope of the description or the claims. As

used throughout this application, the word “may” 1s used 1n a permissive sense (1.e., meaning
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having the potential to), rather than the mandatory sense (1.e., meaning must). Stmilarly, the
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words “include,” “including,” and “includes™ mean including, but not limited to.

DETAILED DESCRIPTION OF EMBODIMENTS
[0015] Various embodiments relate to controlled randomization of patterns that may be used 1n
connection with electrochromic (EC) devices. For example, various techniques disclosed herein
relate to laser ablating surface(s) of an EC device according to a randomized ablation pattern.
Generally, selective ablation of a film (and/or layer) of an EC stack can locally alter the
properties and performance of the film. For example, the ablation can change the resistance of a
conductive layer 1n order to generate more uniform and faster EC switching. Non-randomized
ablation patterns, however, can be visible (e.g., observable by the human eye) and can scatter
light, which may be undesirable. Furthermore, non-randomized ablation patterns can diffract
light into a rainbow pattern, which may be undesirable. Such undesirable optical effects may be
avolded by using controlled, randomized ablation patterns as disclosed herein.
[0016] According to various embodiments, an EC device may include an EC film stack and
conductive layers. For example, the conductive layers may include a top conductive layer and a
bottom conductive layer that are located on opposite sides of the EC film stack. One or more of
the conductive layers may comprise surface ablations according to a randomized ablation pattern.
In some non-limiting examples, the randomized ablation pattern may include a randomized
variation 1n one or more geometrical characteristics of a group of segments. In some examples,
the geometrical characteristic(s) may include a distance characteristic (e.g., distance between
segments), an orentation characteristic (e.g., orientation of segments), and/or a shape
characteristic (e.g., shape of segments). Furthermore, 1n some embodiments, some or all of the
segments may be open-loop segments.
[0017] In some non-limiting embodiments, a group of segments may form a non-randomized
ablation pattern, and the randomized variation 1in the geometrical characteristic(s) may be used to
modify (or “transform™) the non-randomized ablation pattern to a randomized ablation pattern. In
some embodiments, the randomized variation may include a digitally randomized varnation in the
geometrical characteristic(s) of segments from the non-randomuzed ablation pattern. The
randomized ablation pattern may be configured to reduce diffraction and/or scatter of light
incident on the surface ablations, relative to the non-randomized ablation pattern that does not
include the randomized variation.
[0018] As used herein, “configuring” an EC device, conductive layer, etc. can be referred to
interchangeably as “structuring” the EC device, conductive layer, etc. An EC device conductive

layer, etc. which 1s “configured to” do something can be referred to interchangeably as an EC
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device conductive layer, etc. which 1s “structured” to do something, “structurally configured™ to
do something, etc.

[0019] FIG. 1A 1llustrates a perspective view of an example apparatus 100 that may include one
or more EC devices and one or more substrates, where at least one EC device comprises surface
ablations according to a randomized ablation pattern (e.g., as further discussed herein with
reference to FIGS. 1B-8). For example, apparatus 100 may include an EC device 102a disposed
on a substrate 104. According to various embodiments, the EC device 102a may include an EC
film stack 106 and conductive layers (e.g., top conductive layer 108a and bottom conductive
layer 110a) on opposite sides of the EC film stack 106. In some embodiments, separate voltages
applied to the opposite conductive layers 108a and 110a can induce an electrical potential
difference across the EC film stack 106.

[0020] In some embodiments, one or more layers of the apparatus 100 may comprise surface
ablations 112 according to one or more randomized ablation patterns. FIG. 1 A shows an example
of the top conductive layer 108a having surface ablations 112 according to a randomized ablation
pattern. In various non-limiting examples, however, the top conductive layer 108a and/or the
bottom conductive layer 110a may comprise surface ablations 112 according to one or more
randomized ablation patterns, e.g., as indicated in FIGS. 1B-1D.

[0021] As will be discussed 1n further detail herein with reference to at least FIGS. 2-5, the
randomized pattern(s) may comprise segments (e.g., corresponding to the surface ablations) and
a randomized variation 1n one or more geometrical characteristics (e.g., distance, orientation,
shape, etc.). In various embodiments, some or all of the segments may be “open-loop™ segments.
As used herein, “open-loop” segments (or “open-loop”™ surface ablations) refers to segments
corresponding to ablations that do not electrically 1solate portion(s) of the ablated surface. By
contrast, “closed-loop” segments (or “closed-loop” surface ablations) refers to segments
corresponding to ablations that electrically 1solate portion(s) of the ablated surface. In various
embodiments, the randomized ablation pattern(s) may include segments that do not intersect with
each other.

[0022] FIGS. 1B-1D each illustrates a schematic side view of a respective one of example EC
devices 102b-102d, which may include one or more conductive layers comprising surface
ablations arranged according to one or more randomized ablation patterns, in accordance with
some embodiments. In FIG. 1B, the top conductive layer 108b may comprise surface ablations
arranged according to a randomized ablation pattern (e.g., ssmilar to the embodiment of the EC
device 102a depicted in FIG. 1A). The bottom conductive layer 108b may not comprise surface
ablations 1n some embodiments. In FIG. 1C, the bottom conductive layer 110¢c may comprise

surface ablations arranged according to a randomized ablation pattern. The top conductive layer
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108¢c may not comprise surface ablations in some embodiments. In FIG. 1D, both the top
conductive layer 108d and the bottom conductive layer 110d may comprise surface ablations
arranged according to one ofr more randomized ablation patterns. In some embodiments, the
conductive layer(s) of FIGS. 1A-1D that comprise surface ablations may have multiple different
regions: a subset of which comprises surface ablations and another subset of which does not
comprise surface ablations. Additionally, or alternatively, the conductive layer(s) of FIGS. 1A-
1D that comprise surface ablations may have multiple different regions with different
randomized patterns of surface ablations. The top conductive layers 108b-d and the bottom
conductive layers 110b-d may be located on opposite sides of the EC film stack 106 in various
embodiments.

[0023] The EC film stack 106 may include a counter-electrode (CE) layer 114, an electrochromic
(EC) layer 116, and an 1on conducting (IC) layer 118 between the two. In some embodiments,
one of the CE layer 114 or the EC layer 116 may be structured to reversibly insert 1ons such as
cations, including one or more of H+, L1+, D+, Na+, K+ or anions, including one or more of OH-
, especially made of an anodic (or respectively cathodic) electrochromic material; and the other
of the CE layer 114 or the EC layer 116 may be structure to reversibly inserting said 1ons,
especially made of a cathodic (or respectively anodic) electrochromic material. The IC layer 118,
in some embodiments, may be structured to include an electrolyte layer. The EC film stack 106
may be characterized in that at least one of the CE layer 114 or the EC layer 116 may be
structured to reversibly insert said 1ons, including layer made of an anodic or cathodic
electrochromic material, has a sufficient thickness to allow all the 1ons to be inserted without
electrochemically disfunctioning said active layers, 1n that the IC layer 118 having an electrolyte
function comprises at least one layer based on a material chosen from tantalum oxide, tungsten
oxide, molybdenum oxide, antimony oxide, niobium oxide, chromium oxide, cobalt oxide,
titanium oxide, tin oxide, nickel oxide, zinc oxide optionally alloyed with aluminum, zirconium
oxide, aluminum oxide, silicon oxide optionally alloyed with aluminum, silicon nitride optionally
alloyed with aluminum or with boron, boron nitride, aluminum nitride, vanadium oxide
optionally alloyed with aluminum, and tin zinc oxide, at least one of these oxides being
optionally hydrogenated, or nitrided, in that one or more of the CE layer 114 or the EC layer 116
comprises at least one of the following compounds: oxides of tungsten W, niobium Nb, tin Sn,
bismuth Bi1, vanadium V, nickel Ni, indium Ir, antimony Sb and tantalum Ta, alone or as a
mixture, and optionally including an additional metal such as titanium, rhenium or cobalt, and 1n
that the thickness of one or more of the EC layer 116 or the CE layer 114 1s between 70 and 250

um, between 150 and 220 um, etc.
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[0024] The EC layer 116 can include various materials, including tungsten oxides. The CE layer
114 can include various materials, including one or more tungsten-nickel oxides. The IC layer
118 can include various materials including one or more silicon oxides. The charge can include
vartous charged electrolyte species, including lithium 1ons. An IC layer 118 can include a layer
region, a multilayer region, an interfacial region, some combination thereof, or the like. An IC
layer 118 that includes an interfacial region can include one or more component materials of one
or more of the EC layer 116 or the CE layer 114.

[0025] In some embodiments, each of the layers of the EC film stack 106 can reversibly insert
cations and electrons, the modification of their degree of oxidation as a result of these
insertions/extractions leading to a modification 1n 1ts optical and/or thermal properties. In
particular, 1t 1s possible to modulate their absorption and/or their reflection at wavelengths 1n the
visible and/or the infrared. An EC film stack 106 can be included in an EC device (e.g., EC
devices 102a-d in FIGS. 1A-1D) in which the electrolyte 1s in the form of a polymer or a gel. For
example, a protonically conductive polymer, or a conductive polymer conducting by lithium
1ons, where the other layers of the system generally being of inorganic nature. In another
example, an EC film stack 106 can be included in an EC device where the electrolyte and the
other layers of the stack are of mnorganic nature, which may be referred to by the term "all solid-
state" system. In another example, an EC film stack 106 can be included in an EC device where
all of the layers are based on polymers, which may be denoted by the term "all polymer" system.
[0026] Where an EC film stack 106 1s 1n a “‘rest” state, where the EC device including the EC
film stack 106 1s referred to as being 1n a full transmission state, the charge resides in the CE
layer 114, reducing 1t and making 1t highly transparent. When the device 1s switched, by inducing
a potential difference across the conductive layers on opposite sides of the EC film stack 106 1n
the EC device, charge, including Lithium 10ons, move from the CE layer 114 to the EC layer 116,
which causes the transmission level of the EC stack to change. In some embodiments, some of
the lithium 10ns are replaced with another charged electrolyte species that still reduces the CE
layer 114 but has a relatively lower transport rate, relative to the lithium 10ons (either by being
larger or by being more strongly bound within the molecular lattice structure of the CE layer
114). As aresult, the rate and amount of transmission level switching by one or more regions of
the CE layer 114 can be adjusted. Adjusting a rate and amount of transmission level switching by
a CE layer region includes adjusting a rate and amount of transmission level switching by a
corresponding EC layer 116.

[0027] Charge electrolyte species having various transport rates can include rare earth and alkali

metals. These are species heavier or more tightly bound than Lithium and would include, for
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example, sodium, potassium, rubidium, cesium, francium, beryllium, magnesium, calcium,
strontium, bartum, and radium.

[0028] For example, in some embodiments, a CE layer 114 of an EC film stack 106 can be
deposited on a conductive layer, which can include a transparent conductive layer including I'TO.,
and various different charged electrolyte species can be introduced, implanted, etc. into separate
CE layer regions. For example, magnesium 1ons can be implanted in one or more CE layer
regions, and sodium 1ons can be implanted into one or more other CE layer regions. It should be
understood that the pattern, depth, and dosage of 1on implantation, as discussed throughout the
disclosure, can be controlled. For example, aluminum foil masking can be utilized to selectively
expose a pattern of CE layer regions to implantation of one or more particular charged electrolyte
species.

[0029] In some embodiments, heating of one or more portions of an EC film stack 106 1s enabled
via a current, electrical potential difference, etc. induced through a portion of the EC device. An
electrical potential difference can be induced through one or more portions of the EC device via
an electrical potential difference between two or more electrodes coupled to a given conductive
layer (see, e.g., FIG. 6). Such an induced electrical potential difference can cause a current to
flow through a conductive layer. In some embodiments, passing a current through a conductive
layer causes heat to be generated, in one or more regions of the conductive layer, based at least in
part upon a resistance of the regions of the conductive layer through which the current flows. A
conductive layer can comprise one or more surface ablations (e.g., surface ablations arranged
according to one or more randomized ablation patterns as disclosed herein) and/or various
chemical species which include one or more various levels of resistance to electrical current. As a
result, passing an electrical current through one or more regions of the conductive layer can result
in heat generation 1n the one or more regions, based at least in part upon a resistance of the
conductive layer in the one or more regions.

[0030] Heating a region of the conductive layer can result in heating one or more regions of the
EC fi1lm stack 106 of the EC device, e.g., as also discussed herein with reference to FIG. 6. Such
regions of the EC film stack 106 can include regions which correspond to the regions of the
conductive layer which are heated. For example, heat generated in a conductive layer region can
be distributed to an EC film stack 106 to which the conductive layer 1s coupled.

[0031] In some embodiments, the conductive layer through which a current 1s induced to heat
one or more regions of the conductive layer (also referred to herein as conductive layer regions)
1s also used to induce an electrical potential difference across an EC film stack 106 of the EC
device to cause one or more regions of the EC film stack 106 (“EC regions™) to change

transmission levels. Inducing an electrical potential difference across the EC film stack 106,
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between at least two conductive layers, and heating one or more regions of one of the conductive
layers via inducing a separate electrical potential difference across the given conductive layer can
be simultaneous. Such simultaneous current inducement can be enabled based at least in part
upon inducing a direct current across the EC film stack 106, between opposite conductive layers,
and inducing an alternative current across one of the conductive layers, where the frequency of
the alternating current 1s sufficiently high to preclude the EC film stack 106 from switching
transmission levels based at least in part upon the alternation. Such a sufficiently-high switching
frequency, in some embodiments, includes a switching frequency that 1s equal to or greater than
100 Hertz.

[0032] In some embodiments, each of the EC regions, conductive layer regions, etc. of the EC
device may have the same or different sizes, volume, and/or surface areas. In other embodiments,
each of the EC regions, conductive layer regions, etc. may have the same or different shapes
(including curved or arcuate shapes).

[0033] FIG. 2 1llustrates an example non-randomized ablation pattern 200a that may be modified
to an example randomized ablation pattern 200b with a randomized variation 1in a distance
characteristic, in accordance with some embodiments. The non-randomized ablation pattern 200a
and the randomized ablation pattern 200b may comprise a group of segments 202. Each of the
segments 202 may represent a respective surface ablation with which an EC device (e.g., EC
devices 102a-d in FIGS. 1A-1D) may be structured. The example X-Y coordinate system shown
in FIG. 2 1s used to discuss aspects of the non-randomized ablation pattern 200a and the
randomized ablation pattern 200b, and may be used to discuss embodiments throughout this
disclosure.

[0034] The segments 202 may be rectilinear in shape in some non-limiting embodiments.
However, the non-randomized ablation pattern 200a and/or the randomized ablation pattern 200b
may additionally, or alternatively, comprise segments 202 of one or more other shapes (e.g.,
curvilinear, combination of rectilinear and curvilinear, etc.). According to various embodiments,
the segments 202 may comprise open-loop segments corresponding to ablations that do not
electrically 1solate portion(s) of the ablated surface. By contrast, closed-loop segments may
comprise segments corresponding to ablations that electrically 1solate portion(s) of the ablated
surface. In various embodiments, the non-randomized ablation pattern 200a and/or the
randomized ablation pattern 200b may include segments 202 that do not intersect with one
another.

[003S5] According to various embodiments, the randomized ablation pattern 200b may have a

randomized variation in one or more geometrical characteristics of the segments 202. For
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example, randomized ablation pattern 200b may include a randomized variation 1n a distance
characteristic, such as the distance between the segments 202 1n the X-axis direction.

[0036] In the non-limiting example depicted in FIG. 2, the non-randomized ablation pattern 200a
may comprise a regular pattern of open-loop segments, e.g., rectilinear segments 202 that are
Smm 1n length. In this non-limiting example, the segments 202 1n the non-randomized ablation
pattern 200a may be spaced apart from one another 1n each of the X-axis direction and the Y-axis
direction by a distance of 1 mm. As compared to the non-randomized ablation pattern 200a, the
randomized ablation pattern 200b may comprise a randomized variation of 25% with respect to
the distance between segments 202, which, 1n this non-limiting example may be considered a
variation of 25% of the 1 mm distance between the segments 202 1n the X-axis direction. In some
examples, a numerical value (e.g., the percentage in the randomized variation of 25%) may be
considered a boundary constraint value that limits a degree of varation in one or more
geometrical characteristics (e.g., the distance characteristic) of the segments (and,
correspondingly, the surface ablations). For example, for each segment 202, a value between -1
(1 mm distance 1n the -X direction) and +1 (1 mm distance 1n the +X direction) may be randomly
selected, and the randomly selected value may be multiplied by 0.25 (to implement the 25%
variation) to determine how the segment 1s to be shifted/translated from 1ts “original™ position (in
the non-randomized ablation pattern 200a) to transform the non-randomized ablation pattern
200a to the randomized ablation pattern 200b. In a non-limiting example in which -0.5 1s the
randomly selected value for a particular segment, that segment may be shifted by 0.125 mm
(25% of -0.5 mm) 1n the -X direction. In another non-limiting example in which +1 1s the
randomly selected value for a particular segment, that segment may be shifted by 0.25 mm (25%
of Imm) 1n the +X direction. In some examples, the randomized variation may be implemented
such that the average centerpoint-to-centerpoint distance (or “pitch™) between segments 202 from
the non-randomized ablation pattern 200a 1s maintained, e.g., at 1 mm 1n this non-limiting
embodiment.

[0037] In some embodiments, the non-randomized ablation pattern 200a and/or the randomized
ablation pattern 200b may be generated digitally using one or more computing devices (e.g.,
computer system 900 1in FIG. 9), e.g., via one or more software applications executing on the
computing device(s). According to some examples, the non-randomized ablation pattern 200a
and/or the randomized ablation pattern 200b may be determined based at least in part on one or
more design parameters (e.g., sheet resistance, transmussivity, size, etc.) associated with the
particular EC device(s) to be structured with corresponding surface ablations. Furthermore, the
randomized variation(s) for the randomized ablation pattern 200b may be determined based at

least 1in part on the non-randomized ablation pattern 200a.
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[0038] In some non-limiting examples, multiple different randomized variations (e.g., different
degrees/percentages of variation and/or different combinations of geometrical characteristics)
may be used to generate candidate randomized ablation patterns that are analyzed (e.g., using the
computing device(s)) to determine one or more randomized ablation patterns suitable for the
particular design/application of the EC device that 1s to be structured with the corresponding
surface ablations. According to some embodiments, a “best” randomized ablation pattern may be
selected from the candidate randomized ablation patterns, e.g., based at least in part on the
analysis and/or one or more selection criteria. In some embodiments, the analysis may comprise a
fast Fourier transform (FFT) analysis for sismulating diffraction and/or scatter patterns associated
with candidate randomized ablation patterns. Such a FFT analysis may include generating and
analyzing one or more simulated visual representations of the diffraction and/or scatter pattern(s)
and/or generating one or more plots indicating diffraction and/or scatter peaks with respect to the
X-axis direction and/or the Y-axis direction. In some embodiments, selection of a randomized
ablation pattern may be based at least in part on an objective to mimimize diffraction and/or
scatter peaks.

[0039] Additionally, or alternatively, one or more machine learning algorithms may be used 1n
determining and/or analyzing multiple different combinations of randomized variation(s) of
geometrical characteristic(s). For example, in some non-limiting embodiments one or more
neural networks may be used to check multiple different combinations of randomized variation(s)
to determine candidate randomized ablation patterns and/or to select a randomized ablation
pattern suitable for the particular design/application of the EC device that 1s to be structured with
the corresponding surface ablations.

[0040] It should be understood that this discussion regarding techniques for determining and/or
generating non-randomized ablation patterns and randomized ablation patterns are not limited to
the embodiments described with reference to FIG. 2. These techniques may be utilized for
various other embodiments of non-randomized patterns and/or randomized patterns, e.g., those
discussed herein with reference to FIGS. 3-8.

[0041] FIG. 3 1illustrates an example randomuzed ablation pattern 300 with a randomized
variation 1n an orientation characteristic, in accordance with some embodiments. According to
various embodiments, the randomized ablation pattern 300 may comprise a group of segments
302. Each of the segments 302 may represent a respective surface ablation with which an EC
device (e.g., EC device 102 in FIG. 1) may be structured.

[0042] The segments 302 may be rectilinear in shape in some non-limiting embodiments.
However, the randomized ablation pattern 300 may additionally, or alternatively, comprise

segments 302 of one or more other shapes (e.g., curvilinear, combination of rectilinear and
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curvilinear, etc.). According to various embodiments, the segments 302 may comprise open-loop
segments corresponding to ablations that do not electrically 1solate portion(s) of the ablated
surface. In various embodiments, the randomized ablation pattern 300 may include segments 302
that do not intersect with one another.

[0043] According to various embodiments, the randomized ablation pattern 300 may have a
randomized variation 1n one or more geometrical characteristics of the segments 302. For
example, randomized ablation pattern 300 may include a randomized variation 1n an orientation
characteristic, such as an angle of the segments 302 relative to the X-axis direction and/or the Y-
axis direction.

[0044] In some embodiments, the group of segments 302 may be associated with a group of
segments from a non-randomized ablation pattern. For the purpose of discussing some non-
limiting examples, the non-randomized ablation pattern 200a discussed above with reference to
FIG. 2 will also be referred to 1n the discussion that follows with respect to FIGS. 3 and 4. As
previously noted, the non-randomized ablation pattern 200a may comprise a regular pattern of
open-loop segments, e.g., rectilinear segments 202 that are 5 mm 1n length. The segments 202 1n
the non-randomized ablation pattern 200a may be spaced apart from one another 1n each of the
X-axis direction and the Y-axis direction by a distance of 1 mm. As compared to the non-
randomized ablation pattern 200a, the randomized ablation pattern 300 may comprise a
randomized variation of 5% 1n the angle of orientation of the segments 302 in the non-limiting
embodiment depicted in FIG. 3. In a non-limiting example, for each segment 302, a value
between -90 degrees (relative to the Y-axis) and +90 degrees (relative to the Y-axis) may be
randomly selected, and the randomly selected value may be multiplied by 0.05 (to implement the
5% angle variation) to determine how the segment 1s to be rotated from 1ts “original™ position (in
the non-randomized ablation pattern 200a) to transform the non-randomized ablation pattern
200a to the randomized ablation pattern 300. In a non-limiting example in which -40 degrees 1s
the randomly selected value for a particular segment, that segment may be rotated (e.g.,
counterclockwise about i1ts centerpoint) by -2 degrees (5% of -40 degrees). In another non-
limiting example 1n which +60 degrees 1s the randomly selected value for a particular segment,
that segment may be rotated (e.g., clockwise about 1ts centerpoint) by +3 degrees (5% of +60
degrees).

[0045] FIG. 4 1illustrates an example randomized ablation pattern 400 with randomized
variation(s) in multiple geometrical characteristics (e.g., a randomized vanation in a distance
characteristic and a randomized variation 1n an orientation characteristic), in accordance with

some embodiments. According to various embodiments, the randomized ablation pattern 400
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may comprise a group of segments 402. Each of the segments 402 may represent a respective
surface ablation with which an EC device (e.g., EC device 102 1n FIG. 1) may be structured.
[0046] The segments 402 may be rectilinear in shape 1n some non-limiting embodiments.
However, the randomized ablation pattern 400 may additionally, or alternatively, comprise
segments 402 of one or more other shapes (e.g., curvilinear, combination of rectilinear and
curvilinear, etc.). According to various embodiments, the segments 402 may comprise open-loop
segments corresponding to ablations that do not electrically 1solate portion(s) of the ablated
surface. In various embodiments, the randomized ablation pattern 400 may include segments 402
that do not intersect with one another.

[0047] In some embodiments, the group of segments 402 may be associated with a group of
segments from a non-randomized ablation pattern. For example, as previously noted, the non-
randomized ablation pattern 200a may comprise a regular pattern of open-loop segments, e.g..
rectilinear segments 202 that are Smm 1n length. The segments 202 in the non-randomized
ablation pattern 200a may be spaced apart from one another 1n each of the X-axis direction and
the Y-axis direction by a distance of 1 mm. According to various embodiments, the randomized
ablation pattern 400 may comprise a randomized varation in a distance characteristic and a
randomized variation 1n an orientation characteristic. The respective degree of variation (e.g.. a
percentage as 1n the examples discussed above) 1in each of the geometrical characteristics may be
different from one another. In a non-limiting example, as compared to the non-randomized
ablation pattern 200a, the randomized ablation pattern 400 may comprise a 10% distance
variation for the distance characteristic, and a 2% angle variation for the orientation
characteristic, e.g., as indicated in FIG. 4.

[0048] FIG. 5 1llustrates a portion of an example randomized ablation pattern 500 with a
randomized variation 1 a shape characteristic, in accordance with some embodiments. The
randomized ablation pattern 500 may comprise a group of segments 502. Each of the segments
502 may represent a respective surface ablation with which an EC device (e.g., EC device 102 in
FIG. 1) may be structured.

[0049] The segments 502 may be curvilinear in shape in some embodiments. However, the
randomized ablation pattern 500 may additionally, or alternatively, comprise segments 502 of
one or more other shapes (e.g., rectilinear, combination of rectilinear and curvilinear, etc.).
According to various embodiments, the segments 502 may be open-loop segments corresponding
to ablations that do not electrically 1solate portion(s) of the ablated surface. In various
embodiments, the randomized ablation pattern 500 may include segments 502 that do not

intersect with one another.
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[0050] In some embodiments, the randomized ablation pattern 500 may include a randomized
variation in a shape characteristic of the segments 502. For example, as indicated in the non-
limiting example depicted in FIG. 5, the segments 502 may comprise sine waves of randomly
varying frequencies. Other shape characteristics of the segments 502 may additionally or
alternatively be varied 1in various embodiments.

[0051] As noted above, laser ablating a conductive layer of an EC device may change (e.g.,
increase) the sheet resistance of one or more regions of the conductive layer. In some cases, 1t
may be desirable to modify the sheet resistance of one or more conductive layers to modity EC
switching behavior (e.g., faster EC switching, more uniform EC switching, different EC
switching behavior at different regions, etc.). FIG. 6 illustrates a perspective view of an example
EC film stack and a conductive layer that 1s structured with regions of different sheet resistances
based at least in part on a randomized ablation pattern, 1n accordance with some embodiments.
[0052] EC device 600 may include a conductive layer 602 coupled to an EC film stack 604. In
some embodiments, some or all of EC device 600 may be included in one or more portions of EC
devices 1illustrated and disclosed elsewhere herein, including EC devices 102a-d illustrated 1n
FIGS. 1A-1D. In some embodiments, conductive layer 602 may be coupled to EC film stack 604
via one or more intermediate layers, including one or more insulating layers, bonding layers,
encapsulation layers, anti-reflective layers, infrared cut-off filter layers, obscuration layers, some
combination thereof, etc.

[0053] According to some embodiments, the conductive layer 602 may be structured with
surface ablations (not shown) to include different layer regions with different resistance to
electric current (also referred to herein as ““sheet resistance™). For example, in the illustrated
embodiment, the conductive layer 602 may include regions 606, 608A-B, and 610A-B, where
regions 606 and 610A-B are located between electrodes 612A-B coupled to the conductive layer
602. In some embodiments, region 606 may be a particular limited region that the EC device 400
1s structured to selectively heat, and electrodes 612A-B can be structured to extend to one set of
boundaries of the region 606; as shown, the electrodes 612A-B extend between the width of the
region 606 through the conductive layer 602, but not along the entire width of the conductive
layer 602. As a result, the electrodes 612A-B do not bound regions 608A-B in this non-limiting
example, and current flow through the conductive layer 602, based at least in part upon an
induced electrical potential difference between electrodes 612A-B, can flow more uniformly and.,
In some embodiments, predominantly, through regions 610A-B and 606 of the conductive layer
602.

[0054] In some embodiments, where region 606 1s a particular limited region, and regions 610A-

B and 608A-B are remainder regions, regions 610A-B can be structured to have a sheet
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resistance that 1s less than that of region 606. Similarly, 1n some embodiments, region 606 can be
structured to have a sheet resistance that 1s greater than the sheet resistance of at least regions
610A-B. A conductive layer 602 where regions 610A-B have reduced sheet resistance, relative to
region 606, can result in an increased uniformity of current flow through regions 610A-B and
606 between the electrodes 612A-B.

[0055] In some embodiments, the sheet resistance of regions 610A-B may be less than the sheet
resistance of one or more of regions 608A-B. Such variation in sheet resistance can, 1n some
embodiments, result in increased uniformuty of current flow through region 606, relative to
embodiments where regions 608A-B and 610A-B have a common or similar sheet resistance
[0056] In some embodiments, region 606 may be structured to have a greater sheet resistance,
relative to the sheet resistance of at least regions 610A-B, to structure the conductive layer 602 to
heat region 606 more than regions 610A-B (1.e., “enhanced heating™ of region 606) when an
electrical potential difference 1s induced between electrodes 612A-B. In addition, where the sheet
resistance of region 606 1s greater than that of at least regions 610A-B, the uniformity of current
flow through region 606, and thus heating of region 606, can be increased relative to
embodiments where regions 606 and 610A-B have a common sheet resistance.

[0057] In some embodiments, variations 1n sheet resistance across various regions of a
conductive layer 1s based at least in part upon variations in one or more characteristics of the
conductive layer 1n the various regions. For example, surface ablations arranged according to one
or more randomized ablation patterns, as disclosed herein, may be used to vary sheet resistance
across different regions of a conductive layer. In a non-limiting embodiment, region 606 may
comprise surface ablations according to the randomized ablation pattern 200b discussed above
with reference to FIG. 2, and regions 610A-B may not comprise surface ablations. Other
randomized ablation patterns, including those discussed herein with reference to FIGS. 3-5, may
be used for structuring one or more conductive layers of the EC device 600 1n various
embodiments.

[0058] Additionally, or alternatively, varying characteristics of the conductive layer that may
1mpact sheet resistance can include variations in chemical species composition of the conductive
layer 1n the various regions. Chemical species can include various different materials, substances,
elements, compounds, etc. Different regions of a conductive layer can include different
distributions of one or more various chemical species, also referred to herein as “separate”
distributions of one or more various chemical species. Different distributions of a species 1n a
region can include variations in density of the species throughout some or all of one or more
different layer regions, variations in concentration of the species throughout some or all of one or

more different layer regions, variations in depth of the conductive layer in which one or more
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species are present throughout some or all of one or more different layer regions, etc. For
example, a given chemical species may be present, in one conductive layer region 1in one
particular concentration, while the same chemical species may be present in another conductive
layer region 1n a separate concentration. A given distribution of a species 1n a given region can
vary. For example, a distribution of a given species 1n one layer region can include a variation of
species concentration, between opposite boundaries of the layer region, that corresponds to a
normal distribution between the opposite boundaries. Different distributions of a species in a
region can include the species being present, in one or more distributions, 1n one region and the
species being absent in a different region. For example, 1n the illustrated embodiment, regions
610A-B can be comprised of at least a metallic chemical species, including gold, while region
606 can be comprised of at least one separate chemical species, including indium tin oxide (ITO).
The different species can have different conductivity, resistance, etc.: for example, gold can be a
more conductive species than ITO, so that a conductive layer region comprising ITO has a
greater sheet resistance than a separate conductive layer region comprising gold. In another
embodiment, regions 610A-B can be comprised of ITO, and region 606 can be comprised of ITO
and further comprised of one or more different distributions of one or more oxidizing chemical
species, Iincluding oxygen, which result in greater sheet resistance of region 606 relative to
regions 610A-B.

[0059] Chemucal species can include one or more oxidizing species which increase the oxidation
level of a conductive layer region, relative to another region, to adjust the sheet resistance of the
conductive layer region. Non-limiting examples of oxidizing species which could be introduced
can include oxygen, nitrogen, etc. In another example, one or more of various metallic species
can be introduced to change the charge carrier density, charge carrnier distribution, etc. in a
conductive layer region. Non-limiting examples of such metallic species can include indium, tin,
oold, some combination thereof, etc. In short, one or more chemical species in a conductive layer
region, where the chemical species can change the charge carrier density, charge carrier
distribution, etc. in the conductive layer region, can result in an adjustment of the sheet resistance
of the conductive layer region. Chemical species in a conductive layer region can include one or
more chemical species, which can be implemented via well-known 10n implantation processes.
[0060] Chemical species introduction 1n a conductive layer region can include 1on implantation,
masked 1on beam, focused 1on beam, etc. The chemical species distribution can be varied across
the various regions to vary the sheet resistance 1in various conductive layer regions differently.
For example, where an 1on implantation system 1s used to implant various 1ons 1n the various
regions, one or more of the 1on dosage, 1on energy level, number of 10n 1implantation processes,

etc. can be adjusted for each region to establish different chemical species distributions, charge
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carrier distributions, charge carrier densities, etc. in the various regions, thus establishing
different sheet resistances 1n the various regions. In some embodiments, on or more of 10on
implantation, a masked 1on beam, focused 1on beam (FIB), etc. can be used to “draw’ a particular
sheet resistance pattern into one or more conductive layer regions. In some embodiments, a
chemical species “distribution™ may include one or more variations 1n chemical species density,
concentration, depth of introduction through a thickness of a conductive layer, etc., across one or
more regions of a conductive layer. For example, the depth to which a chemical species 1s
introduced 1n a conductive layer may vary across the conductive layer, and the sheet resistance of
the conductive layer to vary accordingly to the variation 1n species depth. In another example, the
concentration, density, etc. of an introduced chemical species may vary across the conductive
layer, and the sheet resistance of the conductive layer to vary accordingly to the variation in
species concentration, density, etc.

[0061] In some embodiments, the sheet resistance of various conductive layer regions can be
adjusted based at least in part upon heating the various conductive layer regions to high
temperature 1n air or oxygen containing gas. Such a process can include selectively exposing
various conductive layer regions to the atmosphere during the heating, heating the conductive
layer 1n a specific pattern using a method such as a laser, or a xenon flash lamp, etc. Heating a
conductive layer region to high temperature can enable, induce, etc. one or more chemical
reactions which oxidize that conductive layer region. In some embodiments, the heating 1s
patterned so that certain conductive layer regions are oxidized, independently of other conductive
layer regions which can be heated differently, not at all, etc. As a result, one or more various
patterns of oxidation can be created, thus establishing one or more patterns of sheet resistance in
the conductive layer which results in structuring the EC device to selectively switch to a
transmission pattern corresponding to the sheet resistance pattern. In some embodiments,
additional oxidation of a conductive layer results in a higher sheet resistance. In some
embodiments, laser annealing can be used to heat particular conductive layer regions to change
the sheet resistance in one or more particular “patterns”. In some embodiments, the sheet
resistance of various conductive layer regions can be adjusted based at least in part upon heating
the various conductive layer regions to high temperature in one or more various atmospheres,
including one or more muxtures of one or more various gases at one or more atmospheric
pressures, etc. In some embodiments, the sheet resistance of various conductive layer regions can
be adjusted based at least in part upon heating the various conductive layer regions to high
temperature 1n a vacuum.

[0062] In some embodiments, sheet resistance of various conductive layer regions can be

adjusted based at least in part upon adjustment of the relative thicknesses of the various

16



WO 2021/138344 PCT/US2020/067343

conductive layer regions. For example, additional quantities of conductive layer material can be
deposited, 1n various conductive layer regions, to adjust the sheet resistance of the various
conductive layer regions. In another example, one or more removal processes can be
implemented to selectively remove at least a portion of the thickness of the conductive layer in
particular conductive layer regions to adjust the sheet resistance in the various conductive layer
regions. Removal processes can include one or more of a laser ablation process, laser cutting
process, etching process, etc. Adding or removing thickness to a given conductive layer region
can include adding or removing conductive layer material in a conductive layer region according
to a particular pattern, so that the sheet resistance distribution in the conductive layer region 1s
patterned. Such a patterning can structure the EC device to selectively switch to a corresponding
transmission pattern in some embodiments.

[0063] According to some embodiments, adding or removing thickness to a given conductive
layer region can include adding an additional buffer material to establish a uniform total
thickness of a conductive layer that includes the conductive layer material and the buffer
material.

[0064] In some embodiments, inducing an electrical potential difference between electrodes
612A-B results in heat generation 1n at least the particular imited region 606 of the conductive
layer 602. Such heat can be transmitted 614 to one or more portions of the EC film stack 604 to
which the conductive layer 602 1s coupled. Where the conductive layer 602 1s coupled to the EC
film stack 604 via one or more additional EC device layers, the heat transmitted 614 from the
conductive layer 602 to the EC film stack 604 can be transmutted through one or more
intermediate EC device layers.

[0065] In some embodiments, heat transmitted 614 from one or more regions of the conductive
layer 602 to the EC film stack 604 may be transmitted to one or more particular regions of the
EC film stack 604 that correspond to the one or more regions of the conductive layer 602, so that
those particular regions of the EC film stack 604 are heated, relative to other regions of the EC
film stack 604. For example, in the illustrated embodiment, heat generated at region 606 of the
conductive layer 1s transmitted 614 from region 606 of the conductive layer 602 to a
corresponding region 616 of the EC film stack 604. The corresponding region 616 can include a
region of the EC film stack 604 which at last partially overlaps with the region 606 1n the EC
device 600. For example, 1n the illustrated embodiment, regions 606 and 616 at least partially
vertically overlap in EC device 600, so that region 616 comprises the closest region of EC film
stack 604 to region 606 of the conductive layer 602 and heat transmitted downwards from region
606 of the conductive layer 602 to other layers of EC device 600 1s predominantly received at

region 616 of the EC film stack 604, relative to region 618. In some embodiments, heat
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transmitted to one or more regions of an EC film stack 1s conducted throughout the EC film
stack, such that some or all of the EC film stack 1s heated based at least in part upon heat
transmitted to one or more particular regions of the EC film stack.

[0066] FIGS. 7 and 8 provide flow charts of example methods of structuring an EC device (e.g..
EC devices 102a-102d in FIGS. 1A-1D). It should be understood that the methods may include
fewer or more operations than those provided in the flow charts. Furthermore, the numerical
order of the flow charts may not necessarily indicate the order in which the operations are to be
performed. According to various embodiments, some or all of the operations of the methods may
be implemented, at least in part, using one or more computing devices (e.g., computing system
900 1n FIG. 9).

[0067] FIG. 7 1s a flow chart of an example method 700 of structuring an EC device with a
randomized pattern (e.g., a randomized ablation pattern), in accordance with some embodiments.
At 702, the method 700 may include determining the randomized pattern for altering a surface
contour of an EC device, e.g., for altering a surface contour of a conductive layer of the EC
device. In some embodiments, the randomized pattern may be generated digitally using one or
more computing devices, e.g., via one or more software applications executing on the computing
device(s). According to some examples, a non-randomized pattern may be determined based at
least 1n part on one or more design parameters (e.g., sheet resistance, transmussivity, size, etc.)
associated with the particular EC device(s) to be structured. Furthermore, randomuzed
variation(s) for the randomized pattern may be determined based at least in part on the non-
randomized pattern.

[0068] At 704, the method 700 may include altering the surface contour of the EC device
according to the randomized pattern. For example, the surface contour may be altered via at least
one of subtractive manufacturing or additive manufacturing, so as to implement a local
modification to one or more properties of the EC device. For example, sheet resistance of a
conductive layer can be adjusted based at least in part upon adjustment of thicknesses of the
conductive layer. For example, additional quantities of conductive layer material can be
deposited (e.g., via additive manufacturing) to adjust the sheet resistance of the conductive layer.
In another example, one or more removal processes (e.g., subtractive manufacturing) can be
implemented to selectively remove at least a portion of the thickness of the conductive layer to
adjust the sheet resistance of the conductive layer. Removal processes can include one or more of
a laser ablation process, laser cutting process, etching process, etc. Adding or removing thickness
to a given conductive layer region can include adding or removing conductive layer maternal 1n a
conductive layer region according to a particular pattern, so that the sheet resistance distribution

in the conductive layer region 1s patterned, e.g., as also discussed herein with reference to FIG. 6.
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Such a patterning can structure the EC device to selectively switch to a corresponding
transmission pattern in some embodiments.

[0069] Altering the surface contour may produce an altered surface contour comprising features
(e.g., surface ablations) arranged according to the randomized pattern (e.g., a randomized
ablation pattern). The randomized pattern may comprise a randomized variation 1n at least one
geometrical characteristic of a plurality of segments from a non-randomized pattern in some
embodiments. The randomized pattern may be configured to reduce diffraction and/or scatter of
light incident on the features, relative to the non-randomized pattern.

[0070] FIG. 8 1s a flow chart of an example method 800 of structuring an EC device with surface
ablations according to a randomized ablation pattern, in accordance with some embodiments. At
802, the method 800 may include determining one or more candidate randomized ablation
patterns. In some embodiments, a non-randomized ablation pattern and/or a randomized ablation
pattern may be generated digitally using one or more computing devices (e.g., computer system
900 1n FIG. 9), e.g., via one or more software applications executing on the computing device(s).
According to some examples, the non-randomized ablation pattern and/or the randomized
ablation pattern may be determined based at least in part on one or more design parameters (e.g.,
sheet resistance, transmussivity, size, etc.) associated with the particular EC device(s) to be
structured with corresponding surface ablations. Furthermore, one or more digitally randomized
variations for a candidate randomized ablation pattern may be determined based at least in part
on a non-randomized ablation pattern. In some non-limiting examples, multiple different
randomuzed variations (e.g., different degrees/percentages of variation and/or different
combinations of geometrical characteristics) may be used to generate candidate randomized
ablation patterns.

[0071] At 804, the method 800 may include analyzing one or more candidate randomized
ablation patterns. The candidate randomization ablation pattern(s) may be analyzed (e.g., using
the computing device(s)) to determine one or more randomized ablation patterns suitable for the
particular design/application of the EC device that 1s to be structured with the corresponding
surface ablations. In some embodiments, the analysis may comprise a fast Fourier transform
(FFT) analysis for simulating diffraction and/or scatter patterns associated with candidate
randomized ablation patterns. Such a FFT analysis may include generating and analyzing one or
more simulated visual representations of the diffraction and/or scatter pattern(s) and/or
generating one or more plots indicating diffraction and/or scatter peaks with respect to the X-axis
direction and/or the Y-axis direction.

[0072] At 806, the method 800 may include determining whether one or more of the candidate

randomized ablation patterns satisty one or more selection criteria. If, at 806, 1t 1s determined that
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one or more candidate randomized ablation patterns satisfy the selection criteria, then the method
800 may proceed to selecting a candidate randomized ablation pattern, that satisfies the selection
criteria, for structuring an EC device, at 808. According to some embodiments, a “best”
randomized ablation pattern may be selected from the candidate randomized ablation patterns,
e.g., based at least in part on the analysis. For example, selection of a randomized ablation
pattern may be based at least in part on an objective to mimimize diffraction and/or scatter peaks
from the FFT analysis.

[0073] If, at 806, 1t 1s determined that the candidate randomized ablation pattern(s) do not satisiy
the selection criteria, then the method 800 may revert to determuning one or more additional
candidate randomized ablations, at 802.

[0074] At 810, the method 800 may include structuring the EC device with surface ablations
arranged according to the selected randomized ablation pattern. In some embodiments, a digital
file comprising the selected randomized ablation pattern may be produced using the computing
device(s). The digital file may be compatible with a machine (e.g., a CNC machine) that may be
configured to laser ablate the EC device to structure the EC device with surface ablations
arranged according to the randomized ablation pattermn(s) in the digital file.

[0075] FIG. 9 1s a block diagram 1llustrating an example computer system 900 that may be used
in some embodiments. In some embodiments, a system that implements a portion or all of one or
more of the technologies, including but not limited to a portion or all of a system for structuring
an EC device with surface ablations according to one or more randomized ablation patterns, and
various methods, systems, components, devices, and apparatuses as described herein, may
include a general-purpose computer system that includes or 1s configured to access one or more
computer-accessible media, such as computer system 900 illustrated in FIG. 9. In the 1illustrated
embodiment, computer system 900 includes one or more processors 910 coupled to a system
memory 920 via an input/output (I/0) interface 930. Computer system 900 further includes a
network interface 940 coupled to I/0 interface 930.

[0076] In various embodiments, computer system 900 may be a uniprocessor system including
one processor 910, or a multiprocessor system including several processors 910 (e.g., two, four,
eight, or another suitable number). Processors 910 may be any suitable processors capable of
executing instructions. For example, 1n various embodiments, processors 910 may be general-
purpose or embedded processors implementing any of a variety of instruction set architectures
(ISAs), such as the x86, PowerPC, SPARC, or MIPS ISAs, or any other suitable ISA. In
multiprocessor systems, each of processors 910 may commonly, but not necessarily, implement

the same ISA.

20



WO 2021/138344 PCT/US2020/067343

[0077] System memory 920 may be configured to store instructions and data accessible by
processor(s) 910. In various embodiments, system memory 920 may be implemented using any
suitable memory technology, such as static random access memory (SRAM), synchronous
dynamic RAM (SDRAM), nonvolatile/Flash-type memory, or any other type of memory. In the
illustrated embodiment, program instructions and data implementing one or more desired
functions, such as a portion or all of a system for structuring an EC device with surface ablations
according to one or more randomized ablation patterns, and various methods, systems,
components, devices, and apparatuses as described herein, are shown stored within system
memory 920 as code 925 and data 926.

[0078] In one embodiment, I/O interface 930 may be configured to coordinate I/O traffic
between processor 910, system memory 920, and any peripheral devices in the device, including
network interface 940 or other peripheral interfaces. In some embodiments, I/O interface 930
may perform any necessary protocol, timing or other data transformations to convert data signals
from one component (e.g., system memory 920) into a format suitable for use by another
component (e.g., processor 910). In some embodiments, I/O interface 930 may include support
for devices attached through various types of peripheral buses, such as a variant of the Peripheral
Component Interconnect (PCI) bus standard or the Universal Serial Bus (USB) standard, for
example. In some embodiments, the function of I/O interface 930 may be split into two or more
separate components, such as a north bridge and a south bridge, for example. Also, in some
embodiments some or all of the functionality of I/O interface 930, such as an interface to system
memory 920, may be incorporated directly into processor 910.

[0079] Network interface 940 may be configured to allow data to be exchanged between
computer system 900 and other devices 960 attached to a network or networks 950, such as other
computer systems or devices as illustrated in FIGS. 1A-8, for example. In various embodiments,
network interface 940 may support communication via any suitable wired or wireless general
data networks, such as types of Ethernet network, for example. Additionally, network interface
940 may support communication via telecommunications/telephony networks such as analog
voice networks or digital fiber communications networks, via storage area networks such as Fibre
Channel SANSs, or via any other suitable type of network and/or protocol.

[0080] In some embodiments, system memory 920 may be one embodiment of a computer-
accessible medium configured to store program instructions and data for implementing
embodiments of methods as described above relative to FIGS. 1A-8. In other embodiments,
program instructions and/or data may be received, sent or stored upon different types of
computer-accessible media. Generally speaking, a computer-accessible medium may include

non-transitory storage media or memory media such as magnetic or optical media, e.g., disk or
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DVD/CD coupled to computer system 900 via I/O interface 930. A non-transitory computer-
accessible storage medium may also include any volatile or non-volatile media such as RAM
(e.2. SDRAM, DDR SDRAM, RDRAM, SRAM, etc.), ROM, etc., that may be included in some
embodiments of computer system 900 as system memory 920 or another type of memory.
Further, a computer-accessible medium may include transmission media or signals such as
electrical, electromagnetic, or digital signals, conveyed via a communication medium such as a
network and/or a wireless link, such as may be implemented via network interface 940.

[0081] Various embodiments may further include receiving, sending or storing instructions
and/or data 1implemented 1n accordance with the foregoing description upon a computer-
accessible medium. Generally speaking, a computer-accessible medium may include storage
media or memory media such as magnetic or optical media, e.g., disk or DVD/CD-ROM, volatile
or non-volatile media such as RAM (e.g. SDRAM, DDR, RDRAM, SRAM, etc.), ROM, etc., as
well as transmussion media or signals such as electrical, electromagnetic, or digital signals,
conveyed via a communication medium such as network and/or a wireless link.

[0082] As used herein, “computer system” includes any of various computer systems or
components thereof. One example of a computer system 1s a rack-mounted server. As used
herein, the term computer 1s not limited to just those integrated circuits referred to in the art as a
computer, but broadly refers to a processor, a server, a microcontroller, a microcomputer, a
programmable logic controller (PLC), an application specific integrated circuit, and other
programmable circuits, and these terms are used interchangeably herein. In the various
embodiments, memory may include, but 1s not limited to, a computer-readable medium, such as a
random access memory (RAM). Alternatively, a compact disc — read only memory (CD-ROM), a
magneto-optical disk (MOD), and/or a digital versatile disc (DVD) may also be used. Also,
additional input channels may include computer peripherals associated with an operator interface
such as a mouse and a keyboard. Alternatively, other computer peripherals may also be used that
may Include, for example, a scanner. Furthermore, in some embodiments, additional output
channels may include an operator interface monitor and/or a printer.

[0083] As used herein, a “module” 1s a component or a combination of components. A module
may 1nclude functional elements and systems, such as computer systems, circuit boards, racks,
blowers, ducts, and power distribution units, as well as structural elements, such a base, frame,
housing, or container.

[0084] The various methods as illustrated in the Figures and described herein represent example
embodiments of methods. The methods may be implemented in software, hardware, or a
combination thereof. The order of method may be changed, and various elements may be added.,

reordered, combined, omitted, modified, etc.
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[0085] Although the embodiments above have been described 1n considerable detail, numerous
variations and modifications will become apparent to those skilled in the art once the above
disclosure 1s fully appreciated. It 1s intended that the following claims be interpreted to embrace
all such vanations and modifications.

[0086] In some embodiments, the EC device includes a substrate which comprises a thin glass
laminate, including a paper glass foil and a layer of adhesive. The thin glass laminate can include
a glass foil that 1s approximates 25 micrometers in thickness. In some embodiments, the thin
glass laminate can include one or more various thickness. For example, the thin glass laminate
can be approximately 50 micrometers in thickness.

[0087] In some embodiments, photochromic or thermochromic materials may be used 1n place
of, or 1n addition to, the electrochromic (EC) materials disclosed herein. For example, some
regions of a device may comprise electrochromic matenals, including an EC stack, while other
regions may comprise at least one of an electrochromic, photochromic, or thermochromic
material. Suitable photochromic materials include, but are not limited to, triaryl-methanes,
stilbenes, azastilbenes, nitrones, fulgides, spriropyrans, naphthopyrans, sprio-oxazines, and
quinones. Suitable thermochromic matenals include, but are not limited to, liquid crystals and
leuco dyes. Both photochromic and thermochromic materials can be formed on the substrate in a
well-known manner. No bus bars, electrodes, etc. would be needed for photochromic or
thermochromic dynamic regions because light and heat respectively modulate the properties of
the materials. One exemplary embodiment using photochromic and/or thermochromic dynamic
regions could be a window having at least one electrochromic dynamic region towards the top of
the window that 1s actively controlled for daylighting, to selectively switch between one or more
particular transmission patterns, etc., and at least one photochromic dynamic region towards the
bottom of the window that self-darkens when under direct light, and at least a second
electrochromic region posited in another region of the device.

[0088] In some embodiments, one or more EC devices can be used as an aperture filter, 1r1s, etc.
for a camera device, and may be structured to selectively apodize. In some embodiments, one or
more EC devices can be included 1in architectural ‘motherboards’ which can be shipped across
extended distance before further processing. In some embodiments, one or more EC devices can
be included in one or more single pane windows for transportation applications and other uses
where weight 1s important. In some embodiments, one or more EC devices, including one or
more EC devices which include a single substrate, can be used to hide or reveal information on
displays for hand held devices, computers, etc. In some embodiments, one or more EC devices

can be used in dynamic eyewear.
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[0089] Further, 1t should be understood that one embodiment of the subject matter disclosed
herein can comprise a window, including an architectural window, having a single pane, or lite,
that comprises a plurality of independently controlled dynamic regions. Another embodiment of
the subject matter disclosed herein comprises an insulated glazing unit (“IGU”) comprising
multiple regions of electrochromic window on one pane and clear glass on the other pane. Yet
another embodiment of the subject matter disclosed herein comprises an IGU comprising
multiple regions of electrochromic window on one pane and a low-E, tinted, or reflective glass
on the other pane. Still another embodiment of the subject matter disclosed herein comprises an
IGU comprising multiple regions of electrochromic window on one pane of the IGU and a
patterned or special glass on the other pane in which the patterning or features may match,
compliment, and/ or contrast the areas of dynamic regions on the first pane. It should be
understood that the foregoing embodiments can be configured, structured, etc. so that the lite
comprising the plurality of dynamic region 1s a clear lite, a low-E lite, a reflective, and/ or
partially reflective lite.

[0090] In some embodiments, one or more EC devices, including one or more of the EC devices,
end-user devices, control systems, etc. 1llustrated and disclosed with reference to one or more of
FIGS. 1A-9, can be included 1in various applications, including EC displays, transportation

windows, architectural glass applications, etc.

24



WO 2021/138344 PCT/US2020/067343

WHAT IS CLAIMED IS:

1. An electrochromic (EC) device, comprising:
an EC film stack; and

conductive layers, wherein:

at least one conductive layer of the conductive layers comprises surface ablations
arranged according to a randomized ablation pattern, the randomized
ablation pattern comprising a randomized variation in at least one
ogeometrical characteristic of a plurality of open-loop segments from a non-
randomized ablation pattern; and

the randomized ablation pattern 1s configured to reduce at least one of diffraction
or scatter of light incident on the surface ablations, relative to the
non-randomized ablation pattern that does not include the randomized

variation.

2. The EC device of claim 1, wherein the randomized variation 1s digitally randomized using at
least one computing device and based at least in part on one or more boundary constraint values

that limit a degree of variation in the at least one geometrical characteristic.

3. The EC device of claim 1, wherein the at least one geometrical characteristic comprises one or
more of:
distance between segments of the plurality of open-loop segments;
orientation of the segments; or

shape of the segments.

4. The EC device of claam 1, wherein the conductive layers comprise:
a top conductive layer comprising the surface ablations arranged according to the
randomized ablation pattern; and

a bottom conductive layer;

wherein the top conductive layer and the bottom conductive layer are located on opposite

sides of the EC film stack.
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5. The EC device of claim 4, wherein:
the randomized ablation pattern 1s a first randomized ablation pattern; and
the bottom conductive layer comprises surface ablations arranged according to a second

randomized ablation pattern that 1s different than the first randomized ablation

pattern.

6. The EC device of claim 1, wherein the conductive layers comprise:
a top conductive layer comprising a first set of surface ablations arranged according to the
randomized ablation pattern; and
a bottom conductive layer comprising a second set of surface ablations arranged
according to the randomized ablation pattern;

wherein the top conductive layer and the bottom conductive layer are located on opposite

sides of the EC film stack.

7. The EC device of claam 1, wherein:
the at least one conductive layer comprises:
a conductive layer comprising a surface of indium tin oxide (ITO); and

the surface ablations are defined by portions of the ITO at which material has been

removed via laser ablation.

8. An apparatus, comprising:
a substrate; and
an electrochromic (EC) device coupled to the substrate, the EC device comprising:
an EC film stack; and

conductive layers, wherein:

at least one conductive layer of the conductive layers comprises surface
contour features arranged according to a randomized pattern, the
randomized pattern comprising a randomized variation 1n at least
one geometrical characteristic of a plurality of segments from a
non-randomized pattern; and

the randomized pattern 1s configured to reduce at least one of diffraction or
scatter of light incident on the surface contour features, relative to

the non-randomized pattern that does not include the randomized

variation.
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9. The apparatus of claim 8, wherein:
the surface contour features comprise surface ablations;
the randomized pattern 1s a randomized ablation pattern; and

the non-randomized pattern 1s a non-randomized ablation pattern.

10. The apparatus of claim 9, wherein:
the plurality of segments comprises open-loop segments; and
the at least one geometrical characteristic comprises one or more of:
distance between segments of the plurality of segments;
orientation of the segments; or

shape of the segments.

11. The apparatus of claam 10, wherein:
the at least one geometrical characteristic comprises:
distance between segments of the open-loop segments; and
orientation of the segments; and
the open-loop segments comprise at least one of rectilinear segments or curvilinear

segments.

12. The apparatus of claim 9, wherein the conductive layers comprise:
a top conductive layer comprising the surface ablations arranged according to the
randomized ablation pattern; and

a bottom conductive layer that does not have surface ablations.

13. The apparatus of claam 9, wherein, based at least in part on the surface ablations, the top

conductive layer comprises:
a first region having a first sheet resistance; and

a second region having a second sheet resistance that 1s different than the first sheet

resistance.
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14. The apparatus of claim 9, wherein the randomized ablation pattern comprises:
a first randomized variation of a first geometrical characteristic; and
a second randomized varation of a second geometrical characteristic that 1s different than
the first geometrical characteristic;
wherein the first randomized varnation comprises a different degree of variation than the

second randomized variation.

15. The apparatus of claim 8, wherein the substrate 1s a glass substrate.

16. A method of structuring an electrochromic (EC) device, the method comprising:
altering, via at least one of subtractive manufacturing or additive manufacturing, a surface
contour of at least one conductive layer of the EC device, so as to implement a
local modification to one or more properties of the EC device, wherein the altering
produces an altered surface contour comprising features arranged according to a
randomized pattern, wherein the randomized pattern comprises a randomized
variation 1n at least one geometrical characteristic of a plurality of segments from
a non-randomized pattern, and wherein the randomized pattern 1s configured to
reduce at least one of diffraction or scatter of light incident on the features,

relative to the non-randomized pattern.

17. The method of claim 16, further comprising:
transforming the non-randomized pattern to the randomized pattern, wherein the
transforming comprises using a computing device to digitally randomize the

variation 1n the at least one geometrical characteristic of the plurality of segments.

18. The method of claim 16, wherein the altering comprises:
laser ablating a surface of the at least one conductive layer to form open-loop surface

ablations arranged according to the randomized pattern.

19. The method of claim 16, wherein:
the altering comprises:
laser ablating a surface of a top conductive layer of the EC device to form surface
ablations arranged according to the randomized pattern;

no surface ablations are formed on a bottom conductive layer of the EC device; and
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the top conductive layer and the bottom conductive layer are located on opposite sides of

an EC film stack of the EC device.

20. The method of claim 16, wherein:
the randomized pattern 1s a first randomized ablation pattern;
the altering comprises:
laser ablating a surface of a top conductive layer of the EC device to form surface
ablations arranged according to the first randomized ablation pattern;
the method further comprises:
laser ablating a surface of a bottom conductive layer of the EC device to form
surface ablations arranged according to a second randomized ablation
pattern that 1s different than the first randomized ablation pattern; and

the top conductive layer and the bottom conductive layer are located on opposite sides of

an EC film stack of the EC device.

29



WO 2021/138344 PCT/US2020/067343

1/10

FIG. 1A



WO 2021/138344 PCT/US2020/067343

2/10
102
\

Conductive Layer (Randomized Ablation Pattern)
108b

CE Layer 11
10

IC Layer 11

EC Layer 11

Conductive Layer 110b

FIG. 1B

2N

Qo

3

102¢
\

Conductive Layer 108c

6
CE Layer 11

106
IC Layer 11
EC Layer 11

06

a o

=

=

Conductive Layer (Randomized Ablation Pattern)
110c

FIG. 1C
1024

Conductive Layer (Randomized Ablation Pattern)
108d

1 CE Layer 11
IC Layer 11
EC Layer 11

Conductive Layer (Randomized Ablation Pattern)
110d

FIG. 1D

"\

Qo

©)'



WO 2021/138344

2000
\

PCT/US2020/067343

FIG. 2

202



4/10

T — — e ——
,Illl.lll. e ———— o ——— I —

l'l.l.l'.lll S —— EmE—— III\I.II‘.I‘

. e ———— e ——  ——— e, T ———
——— T ——— | T ————— — T ——, T ——
————————————— I.I-I.I-I-I-I-I-I.Iv/|ll.lll.l.l|lllll



S5/10

e o ——— e .. f EEEEEE—— e ——— .
S —— S —— e ————— e ——— ——— e ——— T ———

llfl\\l

—— A —— T, ] . e —" rimm——EEEEE
e ———— E——————— S ————— . —————— e ————— O ————

e ————, S — R ———— —— e ————n . S ———
l.l.l-l’ O ————, f S O ——— — e —

. f S N N e ——
e —,— e O ———— C———— f e e —— e ———

|IIII||I'|II|II-IIII||-IIIIIII'



WO 2021/138344 PCT/US2020/067343

6/10

500
\

502

FIG. 5



PCT/US2020/067343

WO 2021/138344

7/10

O
O
O

&\
O
©

FIG. 6



WO 2021/138344 PCT/US2020/067343

&/10

700
\

Determine a randomized pattern for altering a surface
contour of an EC device
102

Alter the surface contour of the EC device according to
the randomized pattern
104

FIG. 7



WO 2021/138344 PCT/US2020/067343

9/10
800
N

Determine candidate randomized ablation pattern(s)
802

Analyze candidate randomized ablation pattern(s)
804

Candidate(s)
safisfy selection criteria?
806

Select a candidate randomized ablation pattern that
satisfies selection criteria for structuring EC device
808

Structure EC device with surface ablations arranged
according to the selected randomized ablation pattern
810

FIG. 8



WO 2021/138344 PCT/US2020/067343

10/10

Computer System
900

Processor Processor Processor

910a 9100

I/0O Interface
930

System Memory
920

910n

Network
Interface

940

Code Data
925 926

Network(s)
950

Other
Device(s)
960




A.

INTERNATIONAL SEARCH REPORT

CLASSIFICATION OF SUBJECT MATTER
GO2F 1/153(2006.01)i; GO2F 1/155(2006.01)i

International application No.

PCT/US2020/067343

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO2F 1/153(2006.01); CO9K 13/02(2006.01); GO2F 1/00(2006.01); GO2F 1/15(2006.01); GO2F 1/155(2006.01);

HO1B 13/00(2006.01); HO1B 5/00(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included 1n the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

e KOMPASS(KIPO 1nternal) & Keywords: electrochromic (EC) device, conductive layer, randomized ablation pattern, non-
randomized ablation pattern, surface contour, diffraction, scatter

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2019-0346731 Al (KINESTRAL TECHNOLOGIES, INC.) 14 November 2019 (2019-11-14)

X paragraphs [0002]-[0012], [0035]-[01135]; claims 1-3; and figures 2-9 1-20
US 2016-0033837 Al (SAGE ELECTROCHROMICS, INC.) 04 February 2016 (2016-02-04)

A paragraphs [0039]-[0073] 1-20
JP 2015-527614 A (KINESTRAL TECHNOLOGIES, INC.) 17 September 2015 (2015-09-17)

A paragraphs [0003]-[0006], [0058]-[0061]; and figure SA 1-20
JP 2010-021137 A (SUMITOMO METAL MINING CO., LTD.) 28 January 2010 (2010-01-28)

A paragraphs [0009]-[0018]; and figure 1 1-20
KR 10-2010-0017128 A (CAMBRIOS TECHNOLOGIES CORP.) 16 February 2010 (2010-02-16)

A paragraphs [0002]-[0003], [0151]-[0157] 1-20

D Further documents are listed in the continuation of Box C.

See patent family annex.

[
~
e

[
~
B
|

- s [ o8
~ ~n  ©n ~

N o v I W S - S
L L N N
B R |

Special categories of cited documents:

* document defining the general state of the art which 1s not considered

to be of particular relevance

’ document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which 1s
cited to establish the publication date of another citation or other
special reason (as specified)

 document referring to an oral disclosure, use, exhibition or other

IMEAns

document published prior to the international filing date but later than
the priority date claimed

G&T”

46): 29

later document published after the international filing date or priority
date and not 1n conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document 1s taken alone

* document of particular relevance; the claimed invention cannot be

considered to 1nvolve an 1nventive step when the document 1s
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

’ document member of the same patent family

Date of the actual completion of the international search

28 April 2021

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon
35208, Republic of Korea

Facsimile No. +82-42-481-8578
Form PCT/ISA/210 (second sheet) (July 2019)

Date of mailing of the international search report

28 April 2021

Authorized officer

YANG, JEONG ROK

Telephone No. +82-42-481-5709



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2020/067343

Patent document

Publication date

Patent family member(s)

Publication date

cited 1n search report (day/month/year) (day/month/year)
US 2019-0346731 Al 14 November 2019 None
US 2016-0033837 Al 04 February 2016 CN 106612618 A 03 May 2017
EP 3186677 A2 05 July 2017
EP 3186677 Bl 29 April 2020
EP 3748426 Al 09 December 2020
JP 2017-523470 A 17 August 2017
JP 6303068 B2 28 March 2018
W 201610540 A 16 March 2016
TW 1673558 B 01 October 2019
US 0625783 B2 18 April 2017
WO 2016-019338 A2 04 February 2016
WO 2016-019338 A3 06 May 2016
JP 2015-527614 A 17 September 2015 EP 2883108 Al 17 June 2015
JP 5887024 B2 16 March 2016
US 10001689 B2 19 June 2018
US 2014-0043667 Al 13 February 2014
US 2016-0170278 Al 16 June 2016
US 2017-0192333 Al 06 July 2017
US 2019-0137840 Al 09 May 2019
US 0091895 B2 28 July 2015
US 9606411 B2 28 March 2017
WO 2014-025900 Al 13 February 2014
JP 2010-021137 A 28 January 2010 None
KR 10-2010-0017128 A 16 February 2010 CN 101589473 A 25 November 2009
CN 101589473 B 05 October 2011
CN 101689568 A 31 March 2010
CN 101689568 B 26 February 2014
EP 2147466 Al 277 January 2010
EP 2147466 Bl 12 March 2014
EP 2477229 A2 18 July 2012
EP 2477229 A3 19 September 2012
EP 2539943 Al 02 January 2013
EP 2539943 Bl 06 January 2021
EP 3595016 Al 15 January 2020
JP 2010-507199 A 04 March 2010
JP 2010-525526 A 22 July 2010
JP 2010-525527 A 22 July 2010
JP 2013-522814 A 13 June 2013
JP 2014-003298 A 09 January 2014
JP 2015-135831 A 27 July 2015
JP 2016-012726 A 21 January 2016
JP 2016-146361 A 12 August 2016
JP 2018-092937 A 14 June 2018
JP 2019-117794 A 18 July 2019
JP 5400369 B2 05 February 2014
JP 5498937 B2 21 May 2014
JP 5785226 B2 24 September 20135
JP 6098860 B2 22 March 2017
JP 6130882 B2 17 May 2017

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/US2020/067343
| Pat?,nt document Publication date Patent family member(s) Publication date

cited 1n search report (day/month/year) (day/month/year)
JP 6181698 B2 16 August 2017
KR 10-1519125 Bl 18 May 2015
KR 10-1545219 Bl 18 August 2015
KR 10-2009-0112626 A 28 October 2009
KR 10-2010-0017129 A 16 February 2010
KR 10-2013-0048717 A 10 May 2013
W 201200467 A 01 January 2012
TW 201440080 A 16 October 2014
W [480653 B 11 April 2015
W [576866 B 01 April 2017
US 10244637 B2 26 March 2019
US 10749048 B2 18 August 2020
US 2008-0259262 Al 23 October 2008
US 2008-0263162 Al 23 October 2008
US 2009-0321113 Al 31 December 2009
US 2009-0321364 Al 31 December 2009
US 2010-0243295 Al 30 September 2010
US 2011-0088770 Al 21 April 2011
US 2011-0297642 Al 08 December 2011
US 2012-0033367 Al 09 February 2012
US 2014-0338735 Al 20 November 2014
US 2019-0191569 Al 20 June 2019
US 8018563 B2 13 September 2011
US 8018568 B2 13 September 2011
US 8094247 B2 10 January 2012
US 8174667 B2 08 May 2012
US 8760606 B2 24 June 2014
WO 2008-046058 A2 17 Aprl 2008
WO 2008-046058 A3 16 October 2008
WO 2008-130762 Al 30 October 2008
WO 2008-131304 Al 30 October 2008
WO 2009-017852 A2 05 February 2009
WO 2009-017852 A3 28 January 2010
WO 2011-106438 Al 01 September 2011

Form PCT/ISA/210 (patent family annex) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report

