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ELECTRICAL CONNECTION CONFIGURATIONS FOR PRIVACY GLAZING
STRUCTURES

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/532,154, filed July 13, 2017, the entire contents of which are incorporated herein by

reference.

TECHNICAL FIELD
[0002] This disclosure relates to structures that include an electrically controllable optically
active material and, more particularly, to electrical connection configurations for glazing

structures that include an electrically controllable optically active material.

BACKGROUND
[0003] Windows, doors, partitions, and other structures having controllable light modulation
have been gaining popularity in the marketplace. These structures are commonly referred to
as “smart” structures or “privacy’” structures for their ability to transform from a transparent
state in which a user can see through the structure to a private state in which viewing is
inhibited through the structure. For example, smart windows are being used in high-end
automobiles and homes and smart partitions are being used as walls in office spaces to
provide controlled privacy and visual darkening.
[0004] A variety of different technologies can be used to provide controlled optical
transmission for a smart structure. For example, electrochromic technologies, photochromic
technologies, thermochromic technologies, suspended particle technologies, and liquid
crystal technologies are all being used in different smart structure applications to provide
controllable privacy. The technologies generally use an energy source, such as electricity, to
transform from a transparent state to a privacy state or vice versa.
[0005] In instances where controlled transmission is provided through application or removal
of electrical energy, the optical transmission structure can include electrode contacts where
electrical wiring interfaces with electrodes that control the optically controllable medium. To
provide space on the structure needed to implement the electrode contacts, one substrate
bounding the optically controllable medium may be offset from an opposite substrate,

providing an offset lip where a bus bar can be installed. While effective to establish
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electrical contact, this offset structure can project into the sight line of the structure and be

difficult to manipulate during further processing because of the irregular, offset surface.

SUMMARY
[0006] In general, this disclosure is directed to privacy structures incorporating an
electrically controllable optically active material that provides controllable privacy. The term
privacy structure includes privacy cells, privacy glazing structures, smart cells, smart glazing
structure, and related devices that provide controllable optical activity and, hence, visibility
through the structure. Such structures can provide switchable optical activity that provides
controllable darkening, controllable light scattering, or both controllable darkening and
controllable light scattering. Controllable darkening refers to the ability of the optically
active material to transition between a high visible light transmission state (a bright state), a
low visible light transmission dark state, and optionally intermediate states therebetween, and
vice versa, by controlling an external energy source applied to the optically active material.
Controllable light scattering refers to the ability of the optically active material to transition
between a low visible haze state, a high visible haze state, and optionally intermediate states
therebetween, and vice versa, by controlling an external energy source. Thus, reference to
the terms “privacy” and “privacy state” in the present disclosure does not necessarily require
complete visible obscuring through the structure (unless otherwise noted). Rather, different
degrees of privacy or obscuring through the structure may be achieved depending, e.g., on
the type of optically active material used and the conditions of the external energy source
applied to the optically active material.
[0007] A privacy structure according to the disclosure can be implemented in the form of a
window, door, skylight, interior partition, or yet other structure where controllable visible
transmittance is desired. In any case, the privacy structure may be fabricated from multiple
panes of transparent material that include an electrically controllable medium between the
panes. Each pane of transparent material can carry an electrode layer, which may be
implemented as a layer of electrically conductive and optically transparent material deposited
over the pane. The optically active material may be controlled, for example via an electrical
driver communicatively coupled to the electrode layers, by controlling the application and/or

removal of electrical energy to the optically active material. For example, application and/or
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removal of electrical energy from the optically active material can cause the optically active
material to transition from a scattering state in which visibility through the structure is
inhibited to a transparent state in which visibility through the structure is comparatively clear.
[0008] To provide electrical contact between the electrode layers carried by the panes of
transparent material, each pane may include a notch formed from a peripheral edge surface
inward toward a center of the pane. The notch may be a groove or cut into the peripheral
edge of the pane that defines a carve-out devoid of material. The notch can provide access to
an underlying electrode layer. For example, the notch formed on a pane bounding one side of
the optically active material can provide access to the electrode layer on the opposite pane
and vice versa. Electrical wiring that supplies electrical energy to control the optically active
material can be connected to each electrode layer through a corresponding notch.

[0009] While each pane may include a notch for making connection with an underlying
electrode layer, the panes bounding the optically active material may themselves be joined
together to provide a flush edge surface. For example, the panes bounding the optically
active material, once joined together, may form a common edge surface with the peripheral
edges of joined sheets being substantially co-planar. As a result, the panes bounding the
optically active material may form a common, substantially planar edge that is generally
orthogonal to the outer faces of the panes, e.g., without having the peripheral edge of one
pane offset relative to the peripheral edge of another pane.

[0010] Configuring an optical structure with electrical connection regions that are recessed
relative to a flush edge surface may be useful for a variety of reasons. First, configuring the
optical structure with a flush edge can be useful to facilitate transport of the structure (e.g.,
on a conveyor line and/or conveyor rolls) for downstream processing that is challenging if
one pane is offset relative to another pane. Second, in applications where a frame or sash
(e.g., window or door frame or sash) is positioned around the optical structure, the flush edge
surface can minimize or eliminate the extent to which the electrode connection region of the
optical structure projects out of the frame or sash and into the slight line through which an
external observer looks through the structure. Additionally, configuring an optical structure
with electrical connection regions that are recessed relative to a flush edge may facilitate
improved sealing around the optical structure, helping to prevent ingress of environmental

contaminants into the structure.
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[0011] The notches formed into the panes of transparent material to provide the electrical
connection locations for the electrode layers can have a variety of different configurations.

In some examples, the notches on opposed transparent panes arranged to partially but not
fully overlap through the cross-section of the optical structure. As a result, a conduit may be
formed through the entire thickness of the optical structure where the notches overlap. This
conduit can provide an opening through which electrical wiring can be positioned to connect
different electrode layers to an electrical source. For examples, rather than running wires to
each electrode layer along both sides of the optical structure, the wiring may be run along a
single side of the structure. Multiple wires can enter the conduit through one side of the
conduit, with one wire bending approximately 90 degrees to connect to a first electrode layer
and a another wire bending approximately 180 degrees to connect to a second electrode layer.
Other configurations of notch and wiring arrangements are possible, and it should be
appreciated that the disclosure is not limited in this respect.

[0012] To bond and/or seal opposed panes of transparent material bounding the optically
active material together, a seal material may be positioned around the perimeter of the panes,
e.g., surrounding the optically active material. Without wishing to be bound by any
particular theory, it is has been found in some applications that positioning the seal over the
electrode layers of the optical structure such that electricity is conveyed through the seal
during operation of the structure has a tendency to accelerate degradation of the seal.
Accordingly, in some configurations, the electrode layers on the optical structure are offset
from the peripheral edge of the transparent panes about which the seal extends. For example,
the electrode layers may be removed (e.g. via grinding or laser ablation) such that the
perimeter region over which the seal extends is devoid of one or both electrode layers and/or
the electrode layers are otherwise deactivated in the region. To provide electrical connection,
however, one or both electrode layers may have a contact portion that extends into the
otherwise deactivated perimeter region, e.g., to the perimeter edge. The contact portion may
be positioned to underlie a notch of an overlying transparent pane, thereby providing an
electrically active location for electrically connecting the electrode layer with a power
source.

[0013] In one example, a privacy glazing structure is described that includes a first pane of

transparent material, a second pane of transparent material, a first electrode layer, and a
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second electrode layer. The first pane of transparent material has an inner face, an outer face,
and a peripheral edge. The second pane of transparent material has an inner face, an outer
face, and a peripheral edge. The first electrode layer is on the inner face of the first pane of
transparent material. The second electrode layer is on the inner face of the second pane of
transparent material. The structure further includes an electrically controllable optically
active material positioned between the first electrode layer on the inner face of the first pane
of transparent material and the second electrode layer on the inner face of the second pane of
transparent material. The example specifies that the first pane of transparent material is
generally parallel to the second pane of transparent material to form a cavity therebetween
containing the electrically controllable optically active material and the peripheral edge of the
first pane of transparent material is aligned with the peripheral edge of the second pane of
transparent material to provide a flush edge surface. The example further specifies that the
first pane of transparent material defines a first notch providing access to the second
electrode layer on the inner face of the second pane of transparent material and the second
pane of transparent material defines a second notch providing access to the first electrode
layer on the inner face of the first pane of transparent material.

[0014] The details of one or more examples are set forth in the accompanying drawings and
the description below. Other features, objects, and advantages will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0015] FIG. 1 is a side view of an example privacy glazing structure.
[0016] FIG. 2 is a side view of the example privacy glazing structure of FIG. 1 incorporated
into a multi-pane insulating glazing unit.
[0017] FIG. 3 is a perspective view of an example edge configuration of a privacy structure
that includes electrical connection notches.
[0018] FIGS. 4A—-4D illustrate example cross-sectional shapes that may be used for an
electrical connection notch.
[0019] FIG. 5 illustrates example notch dimensions that can be used for electrical connection

notches according to the disclosure.
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[0020] FIG. 6 is a top view illustration showing an example configuration in which two
notches overlap to form a conduit through a region of overlap.

[0021] FIG 7 is a side view illustrating an example arrangement of features where a first
notch overlaps with a second notch.

[0022] FIGS. 8A and 8B illustrate example sloped notch wall surfaces that may be used on a
notch according to the disclosure.

[0023] FIGS. 9A and 9B are views of example inner surfaces of first and second panes
showing example electrode layer arrangements that can be used in a privacy structure
according to the disclosure.

[0024] FIGS. 10A and 10B are top and side views, respectively, showing an example single
notch electrical configuration according to the disclosure.

[0025] FIGS. 11A-11C illustrate example assembly steps for forming a notch in an edge of a
pane of transparent material that does not extend through the entire thickness of the material.
[0026] FIGS. 12A-12C illustrate example assembly steps for forming a notch and a relief
notch in an edge of a pane of transparent material that does not extend through the entire
thickness of the material.

[0027] FIGS. 13A-13C illustrate example assembly steps for forming multiple notches in an

edge of a pane of transparent material.

DETAILED DESCRIPTION
[0028] In general, the present disclosure is directed to electrical connection configurations
for optical structures having controllable light modulation. For example, an optical structure
may include an electrically controllable optically active material that provides controlled
transition between a privacy or scattering state and a visible or transmittance state. To make
electrical connections with electrode layers that control the optically active material, the
optical structure may include electrode engagement regions. In some examples, the electrode
engagement regions are formed as notches in peripheral edges of opposed panes bounding
the optically active material. The notches may or may not overlap to provide a through
conduit in the region of overlap for wiring. In either case, the notches may allow the

remainder of the structure to have a flush edge surface for ease of downstream processing.
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[0029] FIG. 1 is a side view of an example privacy glazing structure 12 that includes a first
pane of transparent material 14 and a second pane of transparent material 16 with a layer of
optically active material 18 bounded between the two panes of transparent material. The
privacy glazing structure 12 also includes a first electrode layer 20 and a second electrode
layer 22. The first electrode layer 20 is carried by the first pane of transparent material 14
while the second electrode layer 22 is carried by the second pane of transparent material. In
operation, electricity supplied through the first and second electrode layers 20, 22 can control
the optically active material 18 to control visibility through the privacy glazing structure.
[0030] As described in greater detail below, the first and second panes of transparent
material 14, 16 may each have an electrical connection notch formed in their edge. The
notch may define a cutout that is offset from the remainder of the edge. The notch on the
first pane 14 can provide access to an underlying electrode layer (second electrode layer 22)
carried by second pane 16. Similarly, the notch on the second pane 16 can provide access to
an underlying electrode layer (first electrode layer 20) carried by first pane 14. While the
notches on the first and second panes 14, 16 may provide an offset cavity for making
electrical connections, the remainder of the edge of privacy glazing structure may be
substantially flush, e.g., such that there is substantially no offset between the terminal or
peripheral edges of the first and second panes 14, 16. The electrical connection configuration
of privacy glazing structure 12 can have a variety of different configurations as described in
greater detail herein.

[0031] Privacy glazing structure 12 can utilize any suitable privacy materials for the layer of
optically active material 18. Further, although optically active material 18 is generally
illustrated and described as being a single layer of material, it should be appreciated that a
structure in accordance with the disclosure can have one or more layers of optically active
material with the same or varying thicknesses. In general, optically active material 18 is
configured to provide controllable and reversible optical obscuring and lightening. Optically
active material 18 can be an electronically controllable optically active material that changes
direct visible transmittance in response to changes in electrical energy applied to the material.
[0032] In one example, optically active material 18 is formed of an electrochromic material
that changes opacity and, hence, light transmission properties, in response to voltage changes

applied to the material. Typical examples of electrochromic materials are WO; and MoO;,
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which are usually colorless when applied to a substrate in thin layers. An electrochromic
layer may change its optical properties by oxidation or reduction processes. For example, in
the case of tungsten oxide, protons can move in the electrochromic layer in response to
changing voltage, reducing the tungsten oxide to blue tungsten bronze. The intensity of
coloration is varied by the magnitude of charge applied to the layer.

[0033] In another example, optically active material 18 is formed of a liquid crystal material.
Different types of liquid crystal materials that can be used as optically active material 18
include polymer dispersed liquid crystal (PDLC) materials and polymer stabilized cholesteric
texture (PSCT) materials. Polymer dispersed liquid crystals usually involve phase separation
of nematic liquid crystal from a homogeneous liquid crystal containing an amount of
polymer, sandwiched between electrode layers 20 and 22. When the electric field is off, the
liquid crystals may be randomly scattered. This scatters light entering the liquid crystal and
diffuses the transmitted light through the material. When a certain voltage is applied
between the two electrode layers, the liquid crystals may homeotropically align and the liquid
crystals increase in optical transparency, allowing light to transmit through the crystals.
[0034] In the case of polymer stabilized cholesteric texture (PSCT) materials, the material
can either be a normal mode polymer stabilized cholesteric texture material or a reverse
mode polymer stabilized cholesteric texture material. In a normal polymer stabilized
cholesteric texture material, light is scattered when there is no electrical field applied to the
material. If an electric field is applied to the liquid crystal, it turns to the homeotropic state,
causing the liquid crystals to reorient themselves parallel in the direction of the electric field.
This causes the liquid crystals to increase in optical transparency and allows light to transmit
through the liquid crystal layer. In a reverse mode polymer stabilized cholesteric texture
material, the liquid crystals are transparent in the absence of an electric field (e.g., zero
electric field) but light scattering upon application of an electric field.

[0035] In one example in which the layer of optically active material 18 is implemented
using liquid crystals, the optically active material includes liquid crystals and a dichroic dye
to provide a guest-host liquid crystal mode of operation. When so configured, the dichroic
dye can function as a guest compound within the liquid crystal host. The dichroic dye can be
selected so the orientation of the dye molecules follows the orientation of the liquid crystal

molecules. In some examples, when an electric field is applied to the optically active
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material 18, there is little to no absorption in the short axis of the dye molecule, and when the
electric field is removed from the optically active material, the dye molecules absorb in the
long axis. As a result, the dichroic dye molecules can absorb light when the optically active
material is transitioned to a scattering state. When so configured, the optically active
material may absorb light impinging upon the material to prevent an observer on one side of
privacy glazing structure 12 from clearly observing activity occurring on the opposite side of
the structure.

[0036] When optically active material 28 is implemented using liquid crystals, the optically
active material may include liquid crystal molecules within a polymer matrix. The polymer
matrix may or may not be cured, resulting in a solid or liquid medium of polymer
surrounding liquid crystal molecules. In addition, in some examples, the optically active
material 18 may contain spacer beads (e.g., micro-spheres), for example having an average
diameter ranging from 3 micrometers to 40 micrometers, to maintain separation between the
first pane of transparent material 14 and the second pane of transparent material 16.

[0037] In another example in which the layer of optically active material 18 is implemented
using a liquid crystal material, the liquid crystal material turns hazy when transitioned to the
privacy state. Such a material may scatter light impinging upon the material to prevent an
observer on one side of privacy glazing structure 12 from clearly observing activity occurring
on the opposite side of the structure. Such a material may significantly reduce regular visible
transmittance through the material (which may also be referred to as direct visible
transmittance) while only minimally reducing total visible transmittance when in the privacy
state, as compared to when in the light transmitting state. When using these materials, the
amount of scattered visible light transmitting through the material may increase in the
privacy state as compared to the light transmitting state, compensating for the reduced
regular visible transmittance through the material. Regular or direct visible transmittance
may be considered the transmitted visible light that is not scattered or redirected through
optically active material 18.

[0038] Another type of material that can be used as the layer of optically active material 18 is
a suspended particle material. Suspended particle materials are typically dark or opaque in a

non-activated state but become transparent when a voltage is applied. Other types of
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electrically controllable optically active materials can be utilized as optically active material
18, and the disclosure is not limited in this respect.

[0039] Independent of the specific type of material(s) used for the layer of optically active
material 18, the material can change from a light transmissive state in which privacy glazing
structure 12 is intended to be transparent to a privacy state in which visibility through the
insulating glazing unit is intended to be reduced. Optically active material 18 may exhibit
progressively decreasing direct visible transmittance when transitioning from a maximum
light transmissive state to a maximum privacy state. Similarly, optically active material 18
may exhibit progressively increasing direct visible transmittance when transitioning from a
maximum privacy state to a maximum transmissive state. The speed at which optically
active material 18 transitions from a generally transparent transmission state to a generally
opaque privacy state may be dictated by a variety factors, including the specific type of
material selected for optically active material 18, the temperature of the material, the
electrical voltage applied to the material, and the like.

[0040] Depending on the type of material used for optically active material 18, the material
may exhibit controllable darkening. As noted above, controllable darkening refers to the
ability of the optically active material to transition between a high visible light transmission
state (a bright state), a low visible light transmission dark state, and optionally intermediate
states therebetween, and vice versa, by controlling an external energy source applied to the
optically active material. When optically active material 18 is so configured, the visible
transmittance through the cell containing optically active material 18 (e.g., in addition to
other substrates and/or laminate layers bounding the optically active material and forming the
cell) may be greater than 40% when optically active material 22 is transitioned to the high
visible transmission state light state, such as greater than 60%. By contrast, the visible
transmittance through the cell may be less than 5 percent when optically active material 18 is
transitioned to the low visible light transmission dark state, such as less than 1%. Visible
transmittance can be measured according to ASTM D1003-13.

[0041] Additionally or alternatively, optically active material 18 may exhibit controllable
light scattering. As noted above, controllable light scattering refers to the ability of the
optically active material to transition between a low visible haze state, a high visible haze

state, and optionally intermediate states therebetween, and vice versa, by controlling an
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external energy source. When optically active material 18 is so configured, the transmission
haze through the cell containing optically active material 18 may be less than 10% when
optically active material 18 is transitioned to the low visible haze state, such as less than 2%.
By contrast, the transmission haze through the cell may be greater than 85% when optically
active material 18 is transitioned to the high visible haze state and have a clarity value below
50%, such as a transmission haze greater than 95% and a clarity value below 30%.
Transmission haze can be measured according to ASTM D1003-13. Clarity can be measured
using a BYK Gardener Haze-Gard meter, commercially available from BYK-GARDNER
GMBH.

[0042] To electrically control optically active material 18, privacy glazing structure 12 in the
example of FIG. 1 includes first electrode layer 20 and second electrode layer 22. Each
electrode layer may be in the form of an electrically conductive coating deposited on or over
the surface of each respective pane facing the optically active material 18. For example, first
pane of transparent material 14 may define an inner surface 24A and an outer surface 24B on
an opposite side of the pane. Similarly, second pane of transparent material 16 may define an
inner surface 26A and an outer surface 26B on an opposite side of the pane. First electrode
layer 20 can be deposited over the inner surface 24 A of the first pane, while second electrode
layer 22 can be deposited over the inner surface 26A of the second pane. The first and
second electrode layers 20, 22 can be deposited directed on the inner surface of a respective
pane or one or more intermediate layers, such as a blocker layer, and be deposited between
the inner surface of the pane and the electrode layer.

[0043] Each electrode layer 20, 22 may be an electrically conductive coating that is a
transparent conductive oxide (“TCQO”) coating, such as aluminum-doped zinc oxide and/or
tin-doped indium oxide. The transparent conductive oxide coatings can be electrically
connected to a power source through notch structures as described in greater detail below. In
some examples, the transparent conductive coatings forming electrode layers 20, 22 define
wall surfaces of a cavity between first pane of transparent material 14 and second pane of
transparent material 16 which optically active material 18 contacts. In other examples, one
or more other coatings may overlay the first and/or second electrode layers 20, 22, such as a

dielectric overcoat (e.g., silicon oxynitride). In either case, first pane of transparent material
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14 and second pane of transparent material 16, as well as any coatings on inner faces 24A,
26A of the panes can form a cavity or chamber containing optically active material 18.
[0044] For example, one or both of the panes of transparent material 14, 16 bounding the
optically active material can have an alignment layer bounding and contacting optically
active material 18. The alignment layer can be deposited over any underlying layers carried
by the pane, such as an electrode layer, an underlying transparent dielectric blocking layer
(e.g., silicone oxide), and/or transparent dielectric overcoat. The alignment layer can help
reduce or eliminate Mura (blemish) defects, e.g., by changing the surface energy and/or
surface interactions between optically active material 18 and the surface of pane contacting
the optically active material. In one example, the alignment layer is implemented by a layer
containing polyimide (e.g., formed by coating the surface with a coating containing
polyimide). The polyimide layer may or may not be rubbed to modify the properties of the
layer and corresponding interactions with optically active layer 18.

[0045] The panes of transparent material forming privacy glazing structure 12, including first
pane 14 and second pane 16, can be formed of any suitable material. Each pane of
transparent material may be formed from the same material, or at least one of the panes of
transparent material may be formed of a material different than at least one other of the panes
of transparent material. In some examples, at least one (and optionally all) the panes of
privacy glazing structure 12 are formed of glass. In other examples, at least one (and
optionally all) the privacy glazing structure 12 are formed of plastic such as, e.g., a
fluorocarbon plastic, polypropylene, polyethylene, or polyester. When glass is used, the
glass may be aluminum borosilicate glass, sodium-lime (e.g., sodium-lime-silicate) glass, or
another type of glass. In addition, the glass may be clear or the glass may be colored,
depending on the application. Although the glass can be manufactured using different
techniques, in some examples the glass is manufactured on a float bath line in which molten
glass is deposited on a bath of molten tin to shape and solidify the glass. Such an example
glass may be referred to as float glass.

[0046] In some examples, first pane 14 and/or second pane 16 may be formed from multiple
different types of materials. For example, the substrates may be formed of a laminated glass,
which may include two panes of glass bonded together with a polymer such as polyvinyl

butyral. Additional details on privacy glazing substrate arrangements that can be used in the
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present disclosure can be found in US Patent Application No. 15/958,724, titled “HIGH
PERFORMANCE PRIVACY GLAZING STRUCTURES” and filed April 20, 2018, the
entire contents of which are incorporated herein by reference.

[0047] Privacy glazing structure 12 can be used in any desired application, including in a
door, a window, a wall (e.g., wall partition), a skylight in a residential or commercial
building, or in other applications. To help facilitate installation of privacy glazing structure
12, the structure may include a frame 30 surrounding the exterior perimeter of the structure.
In different examples, frame 30 may be fabricated from wood, metal, or a plastic material
such a vinyl. Frame 30 may defines a channel 32 that receives and holds the external
perimeter edge of structure 12. The sightline through privacy glazing structure 12 is
generally established as the location where frame 30 ends and visibility through privacy
glazing structure 12 begins.

[0048] In the example of FIG. 1, privacy glazing structure 12 is illustrated as a privacy cell
formed of two panes of transparent material bounding optically active material 18. In other
configurations, privacy glazing structure 12 may be incorporated into a multi-pane glazing
structure that include a privacy cell having one or more additional panes separated by one or
more between-pane spaces. FIG. 2 is a side view of an example configuration in which
privacy glazing structure 12 from FIG. 1 is incorporated into a multi-pane insulating glazing
unit having a between-pane space.

[0049] As shown in the illustrated example of FIG. 2, a multi-pane privacy glazing structure
50 may include privacy glazing structure 12 separated from an additional (e.g., third) pane of
transparent material 52 by a between-pane space 54 by a spacer 56. Spacer 56 may extend
around the entire perimeter of multi-pane privacy glazing structure 50 to hermetically seal
the between-pane space 56 from gas exchange with a surrounding environment. To
minimize thermal exchange across multi-pane privacy glazing structure 50, between-pane
space 54 can be filled with an insulative gas or even evacuated of gas. For example,
between-pane space 54 may be filled with an insulative gas such as argon, krypton, or xenon.
In such applications, the insulative gas may be mixed with dry air to provide a desired ratio
of air to insulative gas, such as 10 percent air and 90 percent insulative gas. In other

examples, between-pane space 54 may be evacuated so that the between-pane space is at
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vacuum pressure relative to the pressure of an environment surrounding multi-pane privacy
glazing structure 50.

[0050] Spacer 56 can be any structure that holds opposed substrates in a spaced apart
relationship over the service life of multi-pane privacy glazing structure 50 and seals
between-pane space 54 between the opposed panes of material, e.g., so as to inhibit or
eliminate gas exchange between the between-pane space and an environment surrounding the
unit. One example of a spacer that can be used as spacer 56 is a tubular spacer positioned
between first pane of transparent material 14 and third pane of transparent material 52. The
tubular spacer may define a hollow lumen or tube which, in some examples, is filled with
desiccant. The tubular spacer may have a first side surface adhered (by a first bead of
sealant) to the outer surface 24B of first pane of transparent material 14 and a second side
surface adhered (by a second bead of sealant) to third pane of transparent material 52. A top
surface of the tubular spacer can exposed to between-pane space 54 and, in some examples,
includes openings that allow gas within the between-pane space to communicate with
desiccating material inside of the spacer. Such a spacer can be fabricated from aluminum,
stainless steel, a thermoplastic, or any other suitable material. Advantageous glazing spacers
are available commercially from Allmetal, Inc. of Itasca, IL, U.S.A.

[0051] Another example of a spacer that can be used as spacer 56 is a spacer formed from a
corrugated metal reinforcing sheet surrounded by a sealant composition. The corrugated
metal reinforcing sheet may be a rigid structural component that holds first pane of
transparent material 14 apart from third pane of transparent material 52. Such a spacer is
often referred to in commercial settings as swiggle spacer. In yet another example, spacer 56
may be formed from a foam material surrounded on all sides except a side facing a between-
pane space with a metal foil. Such a spacer is commercially available from Edgetech under
the trade name Super Spacer®. As another example, spacer 56 may be a thermoplastic
spacer (TPS) spacer formed by positioning a primary sealant (e.g., adhesive) between first
pane of transparent material 14 and third pane of transparent material 52 followed,
optionally, by a secondary sealant applied around the perimeter defined between the
substrates and the primary sealant. Spacer 56 can have other configurations, as will be

appreciated by those of ordinary skill in the art.
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[0052] Depending on the application, first patent of transparent material 14, second pane of
transparent material 16, and/or third pane of transparent material 52 (when included) may be
coated with one or more functional coatings to modify the performance of privacy structure.
Example functional coatings include, but are not limited to, low-emissivity coatings, solar
control coatings, and photocatalytic coatings. In general, a low-emissivity coating is a
coating that is designed to allow near infrared and visible light to pass through a pane while
substantially preventing medium infrared and far infrared radiation from passing through the
panes. A low-emissivity coating may include one or more layers of infrared-reflection film
interposed between two or more layers of transparent dielectric film. The infrared-reflection
film may include a conductive metal like silver, gold, or copper. Advantageous low-
emissivity coatings include the LoE-180™, LoE-272™ and LoE-366™ coatings available
commercially from Cardinal CG Company of Spring Green, Wisconsin, U.S.A. A
photocatalytic coating, by contrast, may be a coating that includes a photocatalyst, such as
titanium dioxide. In use, the photocatalyst may exhibit photoactivity that can help self-clean,
or provide less maintenance for, the panes. Advantageous photocatalytic coatings include the
NEAT® coatings available from Cardinal CG Company.

[0053] As briefly mentioned above, the panes of transparent material forming privacy
glazing structure 12, whether implemented alone or in the form of a multiple-pane structure
with a between-pane space, can include electrical connection regions to facilitate making
electrical connections with first electrode layer 20 and second electrode layer 22. FIG. 3 is a
perspective view of an example edge configuration of privacy glazing structure 12 that
includes electrical connection notches.

[0054] In the illustrated configuration of FIG. 3, first pane of transparent material 14 defines
a peripheral edge 60 and second pane of transparent material 16 defines a peripheral edge 62.
The peripheral edges of the panes can constitute the outer boundary or periphery of each
respective pane. The first pane of transparent material 14 defines a first notch 64, while the
second pane of transparent material 16 defines a second notch 66. Each notch may be a cut
out, void space, groove, recess, or other inwardly extending opening from the remainder of
the peripheral edge. The first notch 64 can extend inwardly from the peripheral edge surface
68 of privacy glazing structure 12 toward a geometric center of first pane 14. The second

notch can likewise extend inwardly from the peripheral edge surface 68 of privacy glazing
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structure 12 toward a geometric center of second pane 16. The peripheral edge surface 68 of
privacy glazing structure 12 may be defined by the combined peripheral edge surfaces of first
pane 14, second pane 16, and any gasket material or edge sealant therebetween.

[0055] In general, first notch 64 may have a depth sufficient to expose the underlying second
electrode layer 22 carried by the underlying second pane of transparent material 16.
Likewise, the second notch 66 may have a depth sufficient to expose the underlying first
electrode layer 20 carried by the underlying first pane of transparent material 14.
Accordingly, the notch on each pane can provide access to the electrode layer carried by the
opposite pane, thereby providing access for making an electrical connection between the
electrode layer and a power source.

[0056] Each notch 64, 66 may have a size sufficient to connect an electrical conductor to an
underlying electrode layer within the notch. However, the size of each notch may be
minimized to avoid encroaching into the sightline through privacy glazing structure 12 and
limiting the amount of the structure consumed for electrical connections. In some examples,
each notch may have a size greater than 10 square millimeters, such as greater than 25 square
millimeters, greater than 50 square millimeters, or greater than 100 square millimeters.
Additionally or alternatively, the size of each notch may be less than 1000 square
millimeters, such as less than 750 square millimeters, or less than 500 square millimeters.
For example, the size of each notch may range from 5 square millimeters to 1000 square
millimeters, such as from 25 square millimeters to 600 square millimeters, from 50 square
millimeters to 400 square millimeters, or from 100 square millimeters to 300 square
millimeters. The first notch 64 may be the same size and/or shape as the second notch 66 or
may have a different size and/or shape.

[0057] In general, each notch 64, 66 can define any polygonal (e.g., square, hexagonal) or
arcuate (e.g., circular, elliptical) shape, or even combinations of polygonal and arcuate
shapes. In some examples, first notch 64 and second notch 66 each have a curved shape
extending from first peripheral edge 60 and second peripheral edge 62, respectively, toward a
center of the first and second panes. The curved shape may be characterized by rounded
edges that are devoid of sharp angles where surfaces converge that may provide stress

fracture and breakage locations. That being said, in other examples, first notch 64 and/or

16



WO 2019/014613 PCT/US2018/042120

second notch may define a polygonal shape (e.g., rectangle, trapezoid) having sharp
intersecting edges, and the disclosure is not limited in this respect.

[0058] In some examples where first notch 64 and/or second notch 66 have a curved shape,
the curved shape may include or be a semi-circular shape when looking at the outer face 24B
and/or 26B of the first and/or second pane. The peripheral edge of the first pane 14 and/or
second pane 16 may bisect the semi-circular shape or may form a chord across the semi-
circular shape such that the semi-circular shape is not a full half circle.

[0059] FIGS. 4A—4D illustrate example cross-sectional shapes that may be used for first
notch 64 and/or second notch 66 (e.g., in the cross-sectional plane defining outer face 24B
and/or 26B of first pane 14 and second pane 16, respectively). In the example of FIG. 4A, a
notch 70 having a semi-circular cross-sectional shape is illustrated. The semi-circular shape
may be symmetric about a center line 72 that divides the notch into two equal-area halves. In
different examples, the semi-circular shape can be defined by a constant radius of curvature
or a radius of curvature that varies across the shape. In some examples, the radius of
curvature of notch 70 is greater than 1 mm, such as greater than 3 mm. If the radius of
curvature of notch 70 is too small, there may be an increased tendency for cracks or fractures
at the notch.

[0060] The angle 74 at which the terminal edges 76 of notch 70 intersects the peripheral edge
of the transparent pane can vary, e.g., depending on the shape of the notch. In general, the
angle 74 may range from 10 degrees to 90 degrees, such as from 25 degrees to 75 degrees.
FIG. 4B illustrates another example of notch 70 where the notch has a generally semi-
circular shape with terminal edges that flare outwardly to form an angle of intersection less
than 45 degrees, such as less than 30 degrees, or less than 15 degrees. The flare may be
characterized by an inflection point along the perimeter of the notch where the notch
transitions from a lesser radius of curvature to a greater radius of curvature. Configuring a
notch with a flared terminal edge may help reduce edge stresses and/or provide additional
opening space for routing wiring.

[0061] FIG. 4C illustrates an example asymmetrical configuration of a notch 70 where the
notch has a semi-circular portion 78 and a tail portion 80. The tail portion 81 extends parallel
to the length of the peripheral edge and has a width toward the center of the transparent pane

less than the width of the semi-circular portion 78. As a result, a first terminal edge 76A of
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the notch intersects the peripheral edge at an intersection angle 74A greater than the
intersection angle 74B at which a second terminal edge 76B of the notch intersects the
peripheral edge. Configured a notch with a tail portion running parallel to the length of the
peripheral edge may be useful to route wiring extending from the notch into the tail (e.g., and
recessed relative to the peripheral edge).

[0062] FIG. 4D illustrates yet another example configuration of a notch 70 in which the
notch has a dovetail shape. The dovetail shape may be characterized as a mortise broader at
its end than its base with flaring side edges. The dovetail shape may be useful to receive an
insert cover after making electrical connections to the underlying electrode layer.

[0063] While first notch 64 and/or second notch 66 have any suitable shape, in some
examples, the notch(es) have a length greater than a width. FIG. 5 illustrates an example
notch 80 that can be used as first and/or second notch 64, 66. Notch 80 has a length 82
extending parallel to the peripheral edge 84 of the pane. Notch 80 also has a maximum width
86 extending from peripheral edge 84 toward a center of the pane. Configuring notch 80
with a length 82 greater than a width 86 may be useful to increase the area of the notch while
limiting the extent to which the notch creeps into the sightline through frame 30 (FIGS. 1 and
2). In some examples, notch 80 has a length ranging from 10 mm to 100 mm, such as from
20 mm to 50 mm. Additionally or alternatively, notch 80 may have a width 86 less than 25
mm, such as less than 12 mm. For example, notch 80 may have a width 86 ranging from 3
mm to 9 mm. As noted, limiting the width 86 of notch 80 may be useful to prevent the notch
from being visible to an user looking through privacy glazing structure 12 once installed in
frame 30 and/or limit the extent to which the notch creeps above the bottom surface of the
frame.

[0064] With further reference to FIG. 3, first pane of transparent material 14 defines
peripheral edge 60 and second pane of transparent material 16 defines peripheral edge 62.
When assembled into privacy glazing structure 12, the peripheral edges 60, 62 of the two
panes may be flush such that the resulting peripheral edge surface 68 of the structure is flush.
The peripheral edges 60, 62 may be flush in that the surfaces of the edges defining the
thickness of the panes may be substantially co-planar. For example, the peripheral edges 60,
62 may be sufficiently aligned that the peripheral edge surface 68 of privacy glazing structure

12 can be placed on a flat surface (e.g., of a conveyance roller or piece of processing
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equipment) without causing the structure to tilt toward one side or the other because of
unevenness of the two panes. The degree of offset between the peripheral edge 60 of first
pane 14 and peripheral edge 62 of second pane 16, if any, may be within certain
manufacturing tolerances, such as less than 5 mm, less than 3 mm, less than 1 mm, or less
than 0.5 mm. While electrical connection notches as described herein may be beneficially
implemented on a structure that includes opposed panes that are positioned to have flush, co-
planar peripheral edges, it is contemplated that the notch structures can also be implemented
in configurations where opposed panes are offset, or not flush.

[0065] Depending on the shape of first pane of transparent material 14 and second pane of
transparent material 16, the panes may have multiple sides in which first notch 64 and second
notch 66 may be formed. For example, first pane 14 and second pane 16 may each define a
polygonal shape (e.g., square, rectangular, hexagonal), an arcuate shape (e.g., circular,
elliptical) shape, or combinations of polygonal and arcuate shapes (e.g., rectangle
transitioning into a semi-circle). When first pane 14 and second pane 16 are implemented
using a polygonal shape, each side of the polygon can define a peripheral edge surface in
which first notch 64 and second notch 66, respectively, can be formed. In some examples,
the first notch 64 and second notch 66 are positioned on the same side of the polygonal shape
of first pane 14 and second pane 16, respectively. This can be useful to provide a common
side of privacy glazing structure 12 for making electrical connections and routing wiring. In
other configurations, however, the first notch 64 and second notch 66 may be positioned on
different sides of first pane 14 and second pane 16, respectively.

[0066] In the example of FIG. 3, which is a partial perspective view of first pane 14 and
second pane 16, the panes each define a rectangular shape that includes a first side 90 and a
second side 92. The two sides intersect at a corner 94. As shown in this example, first notch
64 and second notch 66 are both positioned on the first side 90 of the panes.

[0067] Positioning first notch 64 and second notch 66 in close proximity can be useful to
facilitate routing and positioning of wiring and electrical contact hardware. In some
configurations, first notch 64 and second notch 66 are positioned side-by-side to each other
in either overlapping or non-overlapping configuration. In an overlapping configuration
discussed in greater detail with respect to FIG. 6, adjacent terminal edges of the first and

second notches may be crossed over each other. By contrast, in a non-overlapping
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configuration, adjacent terminal edges of the first and second notches may be offset from
each other.

[0068] In the example illustrated in FIG. 3, first notch 64 defines a first terminal edge 96A
and a second terminal edge 96B. Similarly, second notch 66 defines a first terminal edge
98A and a second terminal edge 98B. The terminal edges of the notches may be the location
where peripheral edges 60 and 62 intersect the boundaries of first and second notch 64, 66,
respectively. A lateral separation distance 100 between adjacent first terminal edge 96A and
of first notch 64 and first terminal edge 98A of second notch 66 may be less than 100 mm,
such as less than 50 mm, or less than 25 mm. For example, lateral separation distance 100
may range from 1 mm to 25 mm, such as from 5 mm to 15 mm.

[0069] Independent of the positioning of the notches relative to each other, in some example,
the terminal edge of each notch is separated from a nearest corner or parallel peripheral edge
surface by a minimum distance. For example, in the configuration of FIG. 3, second terminal
notch 98B may be separated from corner 94 by the minimum distance. The minimum
distance may be at 50 millimeters, such as at least 75 millimeters. Separating the terminal
edges of the notches a threshold distance from adjacent corner(s) can be helpful to prevent
fractures or cracking.

[0070] As mentioned above, first notch 64 and second notch 66 may be positioned side-by-
side to each other in an overlapping configuration. When arranged to overlap each other, a
conduit or opening can be formed through the thickness of privacy glazing structure 12
where the notches overlap. FIG. 6 is a top view illustration showing an example
configuration in which first notch 64 and second notch 66 overlap to form a conduit 102
through the region of overlap. The size of the conduit 102 may vary, e.g., depending on the
size of first and second notches 64, 66 and the extent to which the notches overlap. In some
examples where privacy glazing structure 12 includes a conduit 102, however, the size of the
conduit may range from 1 square millimeter to 100 square millimeters, such as from 2 square
millimeter to 25 square millimeter, or from 5 square millimeter to 20 square millimeter. For
example, a ratio of the area of first notch 64 and/or second notch 66 (including the area
occupied by the conduit) divided by the area of the conduit may range from 5:1 to 20:1, such
10:1to 15:1.
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[0071] FIG 7 is a side view illustrating an example arrangement of features where first notch
64 overlaps with second notch 66. As shown, first notch 64 in privacy glazing structure 12
extends through the thicknesses of the first pane of transparent material 14, the first electrode
layer 20, and the electrically controllable optically active material 18. As a result, access to
the second electrode layer 22 on the inner face 26A of the second pane of transparent
material 16 is provided from the outer face 24B of the first pane 14 via first notch 64.
Similarly, the second notch 66 extends through the thicknesses of the second pane of
transparent material 16, the second electrode layer 22, and the electrically controllable
optically active material 18. As a result, access to the first electrode layer 20 on the inner
face 24A of the first pane of transparent material 14 is provided from the outer face 26B of
the second pane 16.

[0072] Access to the first electrode layer 20 and second electrode layer 22 can be provided
by routing an electrical conductor through the outer face and inner face of the opposite pane
via a respective notch, thereby electrically connecting the electrical conductor to the
electrode layer on the inner face of the pane carrying the layer. In other examples, an
electrical conductor used to electrically connect the first electrode layer 20 and/or second
electrode layer 22 may be routed at least partially through conduit 102 to connect the
electrical conductor to the electrode layer.

[0073] The example of FIG. 7 illustrates wiring positioned in conduit 102 and electrically
connected to first electrode layer 20 and second electrode layer 22. The wiring may be
further connected to a power source, such as a driver or controller that provides power and/or
control signals to control optical active material 18. In the illustrated example, the wiring is
illustrated as including a first wire 104A connected to the first electrode layer 20 and a
second wire 104B connected to the second electrode layer 22. In general, the term wiring
refers to any flexible electrical conductor, such as a thread of metal optionally covered with
an insulative coating, a flexible printed circuit, a bus bar, or other electrical connector
extending from outside the perimeter of first and second panes 14, 16 to the electrode layers
carried by the panes via first and second notches 64, 66. It should be appreciated that wiring
may be used to connect first and second electrode layers 20, 22 to a power source in
configurations where privacy glazing structure 12 does not include conduit 102 and this

discussion is not limited to the example configuration of FIG. 7
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[0074] In configurations where privacy glazing structure 12 includes overlapping notches to
form conduit 102, the conduit can extend at least partially, and in the illustrated configuration
fully, through the thickness of the first and second panes. Accordingly, conduit may define a
first open end 106A through the outer face 24B of the first pane 14 and a second open end
106B through the outer face 26B of the second pane 16. In some examples, wiring is routed
through both ends of the conduit to connect to first electrode layer 20 and second electrode
layer 22. In other examples, wiring is routing only through a single open end of the conduit.
For example, in the example of FIG. 7, first wire 104A and second wire 104B both enter
conduit 102 through the first open end 106A of the conduit. First wire 104A bends
approximately 90 degrees to transition from conduit 102 to first electrode layer 20. Second
wire 104B bends approximately 180 degrees to transition from conduit 102 to second
electrode layer 22. This arrangement may allow wiring to be run on one side of the structure
(e.g., the side having the conduit opening through which the wiring enters) but not the other
side, making wiring routing easier and less space intensive. When wiring is routed to enter
through only a single opening of conduit 102, the conduit may not extend through the
structure to define a second opening and/or the second opening may be filled.

[0075] The wiring used to electrically connect the first and second electrode layers 20, 22 to
a power source can be mechanically affixed to the electrode layers. In general, any type of
mechanical fixation feature can be used to secure the wiring to the electrode layers. As one
example, each wire 104A, 104B may include a conductive clip (e.g., alligator clip) that grabs
the edge of pane within the notch. As another example, each wire 104A, 104B may be
bonded to a respective electrode layer using a bonding agent. For example, each wire may be
bonded using ultrasonic solder, an anisotrope conductive film (ACF), a conductive epoxy, a
pressure sensitive conductive transfer tape, or yet other electrically conductive bonding
agent.

[0076] In different examples, the wiring may be attached directly to the electrode layer, or
the wiring may terminate in an electrode which, in turn, is attached to the electrode layer
using any of the techniques discussed above. In the example of FIG. 7, first wire 104A is
illustrated as having a first electrode 108A attached at its terminal end, and second wire 104B

is illustrated as having a second electrode 108B attached at its terminal end. Each electrode
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may be formed of an electrically conductive material (e.g., metal) and may have a cross-
sectional area greater than that of the wire to which the electrode is attached.

[0077] After suitably connecting the wiring to the electrode layers, first notch 64, second
notch 66, and conduit 102 (when included) may be left open or may be filled. Filling the
openings can provide additional mechanical support for the electrical connections within the
openings, electrical shielding, and/or protection from external elements such as moisture. To
fill the first and second notches 64, 66, a cover filling material may be introduced into the
notches. In the example of FIG. 7, a first cover material filling 110A is illustrated as filling
first notch 64 and a second cover material 110B is illustrated as filling second notch 66. First
cover filling material 110A and second cover filling material 110B may be the same material
or different materials. Further, although no illustrated in FIG. 7, conduit 102 may also be
filled with a cover filling material which, again, may be the same material as first cover
filling material 110A and/or second cover filling material 110B or may be a different
material.

[0078] In some examples, the first cover filling material 110A and/or second cover filling
material 110B is or includes a polymeric sealant, such as a conformal coating or a potting /
encapsulant material that is flowably filled into the notch(es) and set within the notches.
Example polymeric materials that may be used include silicone-based materials, epoxy-based
materials, acrylate-based materials, and urethane-based materials.

[0079] Additionally or alternatively, a cover plate may be installed to function as the first
cover filling material 110A and/or second cover filling material 110B. The cover plate may
be rigid (e.g., substantially unbendable under hand pressure) or flexible. The cover plate may
have a footprint (e.g., size and/or shape) mirroring the notch into which the cover plate is to
be inserted. In some examples, a polymeric sealant is deposited in the notch to be filled and
a cover plate inserted into the notch over the sealant. The cover plate may have a thickness
effective so that, once installed into the notch, the cover plate is substantially flush with the
outer surface of the pane into which the cover plate is inserted (e.g., +/- 0.2 mm). Further,
the cover plate may have a length and width effective so the peripheral edge of the cover
plate is flush with the reminder of the peripheral edge of the privacy structure.

[0080] In some examples, the cover plate may have a thickness less than or equal to the

thickness of the pane defining the notch into which the cover plate is to be inserted. For
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example, the cover plate may have a thickness that falls within a range from being 0.1 mm
thinner than the pane defining the notch into which the cover plate is to be inserted to 0.5 mm
thinner. In some examples, first pane 14 and second pane 16 may have a thickness ranging
from 2 mm to 6 mm. Accordingly, in these examples, the cover plate may have a thickness
less than 6 mm, such as less than 3 mm, or less than 2 mm.

[0081] Example materials that may be used to form a rigid cover plate include ceramic
materials and glass materials. For example, the cover plate may be fabricated from soda lime
silica glass, sodium borosilicate glass, aluminosilicate glass, or fused silica. In one example,
the cover plate is formed of the same material (and thereby has substantially the same optical
characteristics) as the pane defining the notch into which the cover plate is to be inserted.
Example materials that may be used to form a flexible cover plate include polymeric films,
such as polyethylene terephthalate (PET), polyvinyl chloride (PVC), and polyurethane.
[0082] When used, the first cover filling material 110A and/or second cover filling material
110B may electrically isolate the underlying electrical connection(s) and protect the
connections against moisture ingress. Accordingly, the cover filling material may have a
surface electrical conductivity of less than 1 Mohm and/or have a moisture transmission of
less than 1 g/square meter/day at 95% relative humidity and 20 degrees Celsius.

[0083] To help hold the cover plate in the notch into which the cover plate is inserted, the
wall surfaces of the notch may be sloped from the outer face to the inner face. That is, rather
than forming the wall surfaces bounding the notch to extend perpendicularly (zero degree
angle) from the outer face to the inner face, the wall surfaces may extend at a non-zero
degree angle with respect to normal. When so configured, the non-zero degree angle may
range from 15 to 75 degrees relative to normal. Sloping the wall surfaces may help form a
tongue-and-groove structure with corresponding sloped wall surfaces of the cover plate,
helping the cover plate to nest and be secured in the notch. FIGS. 8A and 8B illustrate
example sloped notch wall surfaces that may be used on a notch according to the disclosure.
The examples show the wall surfaces of first notch 64 sloping at an angle 112 relative to
normal from the outer face 24B to the inner face 24A.

[0084] To bond and/or seal the first pane of transparent material 14 to the second pane of
transparent material 16 with optically active material 18 between the two panes, a seal may

be positioned between the two panes. The seal may be implemented using one or more
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polymeric sealants that are positioned to extend around the perimeter of the first pane of
transparent material 14 and the second pane of transparent material 16, e.g., adjacent to
and/or in contact with the peripheral edge surface 68. The sealant(s) may bond the first pane
of transparent material 14 to the second pane of transparent material 16 about their perimeter,
e.g., to prevent ingress or egress of liquid from the region bounded by the sealant(s). For
example, the sealants may hold liquid optically active material 18 between the panes within
the region bounded by the sealant(s) and/or inhibit external moisture from reaching the
optically active material.

[0085] Without wishing to be bound by any particular theory, it is has been found in some
applications that positioning the sealant over the electrode layers of the optical structure such
that electricity is conveyed through the seal during operation of the structure has a tendency
to accelerate degradation of the sealant. Accordingly, in some configurations, the electrode
layers are offset from the peripheral edge of the transparent panes about which the sealant
extends. For example, the electrode layers may be removed (e.g. via grinding or laser
ablation) such that the perimeter region over which the sealant extends is devoid of one or
both electrode layers and/or the electrode layers are otherwise deactivated in the region.
Alternatively, the electrode layers may be deposited on the panes so that the electrode layers
do not extend over the surface where the sealants are to be deposited.

[0086] FIGS. 9A and 9B are views of the inner surface 24A and 26A of the first and second
panes of transparent material 14 and 16, respectively, showing example electrode layer
arrangements. As shown in FIG. 9A, first electrode layer 20 is offset from the perimeter
around the pane over which the seal is to be deposited. In particular, in the illustrated
example, first electrode layer 20 is offset a distance 120A from the peripheral edge 60 of the
first pane. Similarly, as shown in FIG. 9B, second electrode layer 22 is offset from the
perimeter around the pane over which the seal is to be deposited. In the illustrated example,
second electrode layer 22 is offset a distance 120B from the peripheral edge 62 of the second
pane. Because electricity will not pass between the first and second pane 14, 16 in the region
where the first electrode layer 20 and/or second electrode layer 22 is offset (e.g., missing,
devoid), electricity will not transfer through sealant positioned in this region during operation

of the device. While the offset distances 120A and 120B may vary, e.g., depending on the
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width of sealant to be deposited, in some examples, one or both distances may range from 1
mm to 25 mm, such as from 5 mm to 15 mm.

[0087] While offsetting one or both electrode layers may be useful to help prevent electricity
from flowing through a perimeter seal during operation, the electrode layers may
nevertheless extend under the region accessible by an overlying notch in order to make
electrical connections. To facilitate these electrical connections where an electrode layer is
offset from the peripheral edge, the electrode layer may have a contact portion that extends
towards and/or to the peripheral edge from a remainder of the offset electrode layer. The
contact portion can be sized and shaped to underlay the region of the pane exposed by an
overlying notch for making electrical connections.

[0088] In the example of FIG. 9A, first electrode layer 20 includes a first contact portion
122 A extending from peripheral edge 60 of first pane 14 to a remainder of the first electrode
layer that is offset from the peripheral edge distance 120A. First contact portion 122A is
configured to underlie second notch 66, when the first and second panes are assembled
together with optically active material 18 positioned between the panes. As also shown in
the example of FIG. 9B, second electrode layer 22 includes a second contact portion 122B
extending from peripheral edge 62 of the second pane 16 to a remainder of the second
electrode layer that is offset from the peripheral edge distance 120B. Second contact portion
122B is configured to underlie first notch 64, when the first and second panes are assembled
together with optically active material 18 positioned between the panes.

[0089] In general, first contact portion 122A and second contact portion 122B can define any
polygonal (e.g., square, rectangular, hexagonal) or arcuate (e.g., circular, elliptical) shape.
The size of the contact portions may vary, e.g., depending on the size of the notches. In
some examples, each contact portion may have a size greater than 10 square millimeters,
such as greater than 25 square millimeters, greater than 50 square millimeters, or greater than
100 square millimeters. Additionally or alternatively, the size of each contact portion may be
less than 1000 square millimeters, such as less than 750 square millimeters, or less than 500
square millimeters. For example, the size of each contact portion may range from may range
from 5 square millimeters to 1000 square millimeters, such as from 100 square millimeters to

800 square millimeters, from 250 square millimeters to 600 square millimeters. The first
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contact portion 122A may be the same size and/or shape as the second contact portion 122B
or may have a different size and/or shape.

[0090] Electrical connection configurations according to the disclosure can be used to
provide electrical control over an electrically controllable optically active layer 18. While
the foregoing description has generally described a privacy structure having one pair of
notches (one on each pane), a structure according to the disclosure may have multiple pairs
of notches. In different configurations, privacy structure 12 can be configured as a
controllable monopixel structure or a multi-pixel structure. In a monopixel configuration, the
entire active area over which optically active material 18 is positioned transitions from one
visibility state to another visibility state. Accordingly, a single pair of notches may be
sufficient to control the single pixel, although multiple pairs of notches with independent
electrical connections can be provided for design redundancy. In a multi-pixel configuration,
the active area over which optically active material 18 is positioned may be broken into
different independently controllable regions, e.g., with the electrode layer being scribed or
broken to separate different controllable regions. Each controllable region may have at least
one pair of notches to provide independent electrical connection and control to each
controllable region, or pixel, of the privacy structure.

[0091] In still other examples, an electrical connection configuration according to the
disclosure may be provided by a single notch rather than using multiple notches. In a single
notch arrangement, two electrode pads or contact portions may be provided within the notch.
The electrical contact portions within the single notch may be electrically isolated from each
other and connected to different electrode layers. FIGS. 10A and 10B are top and side views,
respectively, showing an example single notch electrical configuration.

[0092] As shown in the illustrated example, the first pane of transparent material 14 defines a
peripheral edge 62 and a notch 64. Notch 64 provides access to an underlying second pane
of transparent material 16 that does not include a second electrical connection notch
associated with notch 64 in the first pane. First pane of transparent material 14 carries first
electrode layer 20, while second pane of transparent material 16 carries second electrode
layer 22. Two electrode layers or contact pads 150 and 152 are provided on second pane of
transparent material 16 and accessible via notch 62. The two electrode layers or contact pads

may be electrically isolated from each other, e.g., by scribing second electrode layer 22 to
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form one pad 150 that is electrically isolated from the remainder of the layer and a second
pad 152 that is electrically coupled to the remainder of the layer. Accordingly, an electrically
isolated perimeter 154 may be established around the contact pad 150 that is electrically
isolated from the reminder of the electrode layer carried by second pane of transparent
material 16. An insulating layer, such as an insulating adhesive 158 can be positioned
between first electrode layer 20 and second electrode layer 22 in the region adjacent notch 64
to electrically isolate the two layers from each other.

[0093] To electrically connect first electrode layer 20 using notch 64, a connective crossover
member 156 can be provided to electrically couple contact pad 150 to the electrode layer.
The conductive crossover member 156 may be any electrically conductive structure, such as
an electrically conductive layer (e.g., electrical pad), wire, conductive conduit, or other
electrically conductive structure. Conductive crossover member 156 is electrically coupled
to first electrode layer 20. In operation, electricity delivered to contact pad 150 is conveyed
through conductive cross-over member 156 to first electrode layer 20. While conductive
crossover 154 is illustrated as being a physically separate structure than contact pad 150 and
first electrode layer 20, it should be appreciated that the conductive crossover may be an
extension of or integrally formed with one or both structures.

[0094] To deliver electricity to first electrode layer 20 and second electrode layer 22 via
single notch 64, wiring may extend from outside of the privacy structure and electrically
connect to the first and second electrode layers in the notch. In the illustrated example, the
wiring is illustrated as including a first wire 104A connected to the first electrode layer 20
and a second wire 104B connected to the second electrode layer 22. The wiring may be
further connected to a power source, such as a driver that provides power and/or control
signals to control optical active material 18.

[0095] Notches according to the disclosure have generally been illustrated as defining a
cutout extending from an outer surface of a pane of transparent material to an inner surface of
the pane, such as from outer surfaces 24B and 26B to inner surfaces 24A and 26A of the first
and second panes of transparent material, respectively. A notch according to the disclosure
may be formed from an edge of a pane of material inwardly toward a center of the pane of

transparent material without extending through an entire thickness of the material.
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[0096] FIGS. 11A-11C illustrate example assembly steps for forming a notch in an edge of a
pane of transparent material that does not extend through the entire thickness of the material.
As shown in the illustrated example, a notch 64 is formed in a first pane of transparent
material that does not extend through the entire thickness of the material. Rather, notch 64
cuts into the inner surface 24 A of the first pane of transparent material without extending all
the way through to the pane to the outer surface 24B. For example, notch 64 can extend from
an outer facing edge of the pane of transparent material to a terminal wall inside of the pane
of transparent material that bounds the notch.

[0097] As shown in FIG. 11C, an electrode 160 can be positioned in notch 64 from the side
edge of the pane of transparent material rather than through the outer face of the pane of
transparent material. Electrode 160 can provide electrical communication with an electrode
layer on second pane of transparent material 16. Electrode 160 can extend out from the side
edge of the pane of transparent material for connection to a power source.

[0098] Notch 64 in the example of FIGS. 11B and 11C can have a depth and dimensions as
discussed above with respect to other notch configurations described herein. The thickness
of notch 64 in embodiments where the notch does not extend through the entire thickness of
the pane may be less than or equal to one half the thickness of the pane in which the notch is
formed, such as a thickness ranging from 1/10 to 1/3 the thickness of the pane in which the
notch is formed.

[0099] In some configurations, electrode 160 is configured to wrap around the second pane
of transparent material in a generally U- or C-shaped configuration. When so configured,
second pane of transparent material 16 may or may not include a relief notch in which a
portion of the electrode wrapping about outer surface 26B of the pane is positioned.

[00100] For example, FIGS. 12A—12C illustrate example assembly steps for forming a notch
and a relief notch in an edge of a pane of transparent material that does not extend through
the entire thickness of the material. The assembly steps illustrated in FIGS. 12A-12C are the
same as those illustrated in FIGS. 11A—-11C except that the second pane of transparent
material 16 also includes a relief notch 162. As shown, relief notch 162 can be formed in the
outer surface 26B extending toward the inner surface 26A of the second pane of transparent
material 16. Relief notch 162 may have the same size and/or shape as notch 64 or may have

a different size and/or shape. Relieve notch 162 can provide a cavity for receiving a portion
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of electrode 160 extending over and/or conforming to the side edge of the pane in which the
notch is formed. In some examples, the edge itself is grooved in the region of electrode 160
relative to a remainder of the edge such that the top edge of the electrode is substantially
flush (or even recessed) relative to the reminder of the edge.

[00101] Although not illustrated in FIGS. 11A-11C and 12A-12C, first pane of transparent
material 14 and second pane of transparent material 16 may a notch 64 and/or relief notch
162 on opposite surfaces from the surfaces in which the notches are illustrated as being
formed. These opposite facing notch(es) can be used to electrically connected the electrode
layer on the first pane of transparent material 14 with an electrode 160 similar to the
configuration illustrated for electrically connecting the electrode layer on the second pane of
transparent material. Additionally or alternatively, one or both electrode layers may be
electrically addressed through multiple notches (e.g., two, three, or more notches) arranged in
series with multiple electrically connected electrodes. An example of such a configuration is
illustrated in FIGS. 13A-13C. Providing multiple electrical connection notches can be useful
to provide redundant electrical connections in the event one electrical connection fails during
the service life of the device.

[00102] Various examples have been described. These and other examples are within the

scope of the following claims.
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CLAIMS:

1. A privacy glazing structure comprising:

a first pane of transparent material having an inner face, an outer face, and a
peripheral edge;

a second pane of transparent material having an inner face, an outer face, and a
peripheral edge;

a first electrode layer on the inner face of the first pane of transparent material;

a second electrode layer on the inner face of the second pane of transparent material;

an electrically controllable optically active material positioned between the first
electrode layer on the inner face of the first pane of transparent material and the second
electrode layer on the inner face of the second pane of transparent material;

wherein the first pane of transparent material is generally parallel to the second pane
of transparent material to form a cavity therebetween containing the electrically controllable
optically active material, and the peripheral edge of the first pane of transparent material is
aligned with the peripheral edge of the second pane of transparent material to provide a flush
edge surface,

the first pane of transparent material defines a first notch providing access to the
second electrode layer on the inner face of the second pane of transparent material,

the second pane of transparent material defines a second notch providing access to the
first electrode layer on the inner face of the first pane of transparent material, and

the first notch overlaps the second notch to define a conduit extending through the

first pane and the second pane.

2. The structure of claim 1, wherein the first notch extends from the peripheral edge of
the first pane toward a center of the first pane a distance less than 12 mm, and the second
notch extends from the peripheral edge of the second pane toward a center of the second pane

a distance less than 12 mm.

3. The structure of claims 1 or 2, wherein the first notch and the second notch each have

a size within a range from 50 square millimeters to 400 square millimeters.
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4. The structure of any one of the foregoing claims, wherein the first notch and second
notch have a length along the peripheral edge of the first pane and the peripheral edge of the
second pane, respectively, greater than a width extending toward a center of the first pane

and the second pane, respectively.

5. The structure of any one of the foregoing claims, wherein:

the first notch extends through thicknesses of the first pane of transparent material,
the first electrode layer, and the electrically controllable optically active material to provide
access to the second electrode layer on the inner face of the second pane of transparent
material from the outer face of the first pane; and

the second notch extends through thicknesses of the second pane of transparent
material, the second electrode layer, and the electrically controllable optically active material
to provide access to the first electrode layer on the inner face of the first pane of transparent

material from the outer face of the second pane.

6. The structure of any one of the foregoing claims, wherein the first pane of transparent
material and the second pane of transparent material each have a polygonal shape having a
plurality of sides, and the first notch and the second notch are on a same side of the plurality

of sides.

7. The structure of any one of the foregoing claims, wherein adjacent terminal edges of
the first notch and the second notch are laterally offset from each other a distance ranging
from 1 mm to 25 mm.

8. The structure of any one of the foregoing claims, further comprising wiring
positioned in the conduit connecting the first electrode layer and the second electrode layer to

a pOwWeEr source.

9. The structure of claim 8, wherein:
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the wiring comprises a first wire connected to the first electrode layer and a second
wire connected to the second electrode layer,

the conduit has a first open end through the outer face of the first pane and a second
open end through the outer face of the second pane, and

the first wire and the second wire both enter the conduit through the first open end of

the conduit.

10. The structure of claim 9, further comprising a first electrode attached to the first wire

and a second electrode attached to the second wire.

11. The structure of claim 10, wherein the first electrode is bonded to the first electrode

layer and the second electrode is bonded to the second electrode layer.

12. The structure of any one of the foregoing claims, wherein the conduit has a size

ranging from 2 square millimeters to 25 square millimeters.

13. The structure of any one of the foregoing claims, wherein the first notch and the
second notch each have a curved shape extending from the peripheral edge of the first pane
and the peripheral edge of the second pane, respectively, toward a center of the first pane and

the second pane, respectively.

14.  The structure of claim 13, wherein the curved shape comprises a semi-circle having a

radius of curvature less than 3 mm.

15. The structure of any one of the foregoing claims, wherein the first pane of transparent
material and the second pane of transparent material each have a polygonal shape having a
plurality of sides joined at corners, and a distance between a terminal edge of the first notch
adjacent a nearest corner and a terminal edge of the second notch adjacent a nearest corner is

at least 75 millimeters.
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16. The structure of any one of the foregoing claims, wherein the first notch and the
second notch are defined by wall surfaces of the first pane and second pane, respectively, that

slope at a non-zero degree angle from the outer face to the inner face.

17. The structure of any one of the foregoing claims, further comprising a first cover

material filling the first notch and a second cover material filling the second notch.

18. The structure of claim 17, wherein the first cover material and the second cover
material are each elected from the group consisting of a polymeric sealant, a polymeric film a

rigid plate, and combinations thereof.

19. The structure of claim 18, wherein the first cover material and the second cover
material each comprise a rigid plate formed for glass having a footprint mirroring the first

notch and the second notch, respectively.

20. The structure of claim 19, wherein the rigid plate forming the first cover material has
a thickness less than a thickness of the first pane, and the rigid plate forming the second

cover material has a thickness less than a thickness of the second pane.

21. The structure of any one of the foregoing claims, wherein the first pane and the
second pane are each fabricated from float glass and have a thickness ranging from 2 mm to

6 mm.

22. The structure of any one of the foregoing claims, further comprising a sealant
extending around a perimeter of the first pane of transparent material and the second pane of
transparent material and bonding the first pane of transparent material to the second pane of

transparent material.

23. The structure of claim 22, wherein:

34



WO 2019/014613 PCT/US2018/042120

the first electrode layer if offset from the perimeter around the first pane of
transparent material over which the seal is in contact such that electricity does not transfer
from the first electrode layer through the seal, and

the second electrode layer if offset from the perimeter around the second pane of
transparent material over which the seal is in contact such that electricity does not transfer

from the second electrode layer through the seal.

24, The structure of claim 23, wherein the first electrode layer is offset a distance ranging
from 5 mm to 15 mm from the peripheral edge of the first pane, and the second electrode
layer is offset a distance ranging from 5 mm to 15 mm from the peripheral edge of the second

pane.

25. The structure of claim 24, wherein:

the first electrode layer includes a first contact portion extending from the peripheral
edge of the first pane to a remainder of the first electrode layer that is offset from the
peripheral edge, the first contact portion underlying the second notch, and

the second electrode layer includes a second contact portion extending from the
peripheral edge of the second pane to a remainder of the second electrode layer that is offset

from the peripheral edge, the second contact portion underlying the first notch.

26. The structure of any one of the foregoing claims, wherein the electrically controllable
optically active material is a liquid crystal material having a light transmittance that varies in

response to application of an electrical field.

27. The structure of any one of the foregoing claims, further comprising:

a third pane of transparent material generally parallel to the first pane of transparent
material and the second pane of transparent material, and

a spacer positioned between the third pane of transparent material and the first pane
of transparent material to define a between-pane space, the spacer sealing the between-pane
space from gas exchange with a surrounding environment and holding the first pane of

transparent material a separation distance from the third pane of transparent material.
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28. A privacy glazing structure comprising:

a first pane of transparent material having an inner face and an outer face;

a second pane of transparent material having an inner face and an outer face;

a first electrode layer on the inner face of the first pane of transparent material;

a second electrode layer on the inner face of the second pane of transparent material;

an electrically controllable optically active material positioned between the first
electrode layer on the inner face of the first pane of transparent material and the second
electrode layer on the inner face of the second pane of transparent material;

a sealant extending around a perimeter of the first pane of transparent material and the
second pane of transparent material and bonding the first pane of transparent material to the
second pane of transparent material,

wherein the first electrode layer if offset from the perimeter around the first pane of
transparent material over which the seal is in contact such that electricity does not transfer
from the first electrode layer through the seal, and

the second electrode layer if offset from the perimeter around the second pane of
transparent material over which the seal is in contact such that electricity does not transfer

from the second electrode layer through the seal.

29. The structure of claim 28, wherein:

the first pane of transparent material has a peripheral edge;

the second pane of transparent material has a peripheral edge;

the first electrode layer is offset a distance ranging from 5 mm to 15 mm from the
peripheral edge of the first pane, and

the second electrode layer is offset a distance ranging from 5 mm to 15 mm from the

peripheral edge of the second pane.
30. The structure of any one of claims 28 or 29, wherein:

the first pane of transparent material has a peripheral edge;

the second pane of transparent material has a peripheral edge;
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the first electrode layer includes a first contact portion extending from the peripheral
edge of the first pane to a remainder of the first electrode layer that is offset from the
peripheral edge, and

the second electrode layer includes a second contact portion extending from the
peripheral edge of the second pane to a remainder of the second electrode layer that is offset

from the peripheral edge.
31.  The structure of any one of claims 28-30, wherein the electrically controllable

optically active material is a liquid crystal material having a light transmittance that varies in

response to application of an electrical field.
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