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ELECTRO-OPTIC ASSEMBLY WITH A MICRO-PHOTODIODE LIGHT SENSOR

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to an electro-optic assembly, and
more particularly to an electro-optic assembly including a micro-photodiode light

sensor.

SUMMARY OF THE DISCLOSURE

[0002] According to one aspect of the present disclosure, an electro-optic assembly
includes a first substrate having a first surface and a second surface that is opposite
the first surface. A second substrate has a third surface and a fourth surface that is
opposite the third surface. The first and second substrates are disposed in a parallel
and spaced apart relationship so as to define a cavity therebetween. The second and
third surfaces face each other. An electro-optic medium is located in the cavity and is
configured to change a degree of transmissiveness as a result of an applied electrical
potential. A first electrode layer is located on the second surface, and a second
electrode layer is located on the third surface. Areflective elementis disposed behind
the electro-optic medium, opposite the first substrate. A photodiode light sensor is
configured to detect a glare from a light, and a control system is configured to adjust
the applied electrical potential to the electro-optic medium by the first and second
electrodes as a result of the detected glare.

[0003] According to another aspect of the present disclosure, an electro-optic
assembly includes a first substrate having a first surface and a second surface that is
opposite the first surface. A second substrate has a third surface and a fourth surface
that is opposite the third surface. The first and second substrates are disposed in a
parallel and spaced apart relationship so as to define a cavity therebetween. The
second and third surfaces face each other. An electro-optic medium is located in the
cavity and is configured to change a degree of transmissiveness as a result of an
applied electrical potential. A first electrode layer is located on the second surface and
a second electrode layer is located on the third surface. A photodiode light sensor is

configured to detect a glare from a light, and a control system is configured to adjust
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the applied electrical potential to the electro-optic medium by the first and second
electrodes as a result of the detected glare.

[0004] According to yet another aspect of the present disclosure, an electro-optic
assembly includes a first substrate having a first surface and a second surface that is
opposite the first surface. A second substrate has a third surface and a fourth surface
that is opposite the third surface. The first and second substrates are disposed in a
parallel and spaced apart relationship so as to define a cavity therebetween. The
second and third surfaces face each other. An electro-optic medium is located in the
cavity and is configured to change a degree of transmissiveness as a result of an
applied electrical potential. A first electrode layer is located on the second surface and
a second electrode layer is located on the third surface. An array of photodiodes are
located within a conductive medium configured to detect a glare from a light. The
conductive medium is electrically isolated from the first and second electrodes. A
control system is configured to adjust the applied electrical potential to the electro-
optic medium by the first and second electrodes as a result of the detected glare.

[0005] These and other features, advantages, and objects of the present invention
will be further understood and appreciated by those skilled in the art by reference to

the following specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the drawings:

[0007] FIG. 1 is a cross-sectional view of an electro-optic assembly, according to one
aspect of the present disclosure;

[0008] FIG. 2 is a top view of a vehicle incorporating an electro-optic assembly,
according to one aspect of the present disclosure;

[0009] FIG. 3 is a front view of a rearview mirror incorporating an electro-optic
assembly, according to one aspect of the present disclosure;

[0010] FIG. 4 is a perspective view of a photodiode light sensor, according to one
aspect of the present disclosure;

[0011] FIG. 5 is a cross-sectional view of an electro-optic assembly in a disassembled

condition, according to one aspect of the present disclosure; and



[0012]

[0013]

[0014]

[0015]
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FIG. 6 is a schematic view of a control system of the mirror assembly, according

to one aspect of the present disclosure.

DETAILED DESCRIPTION

The present illustrated embodiments reside primarily in combinations of
method steps and apparatus components related to an electro-optic assembly
including a micro-photodiode light sensor. Accordingly, the apparatus components
and method steps have been represented, where appropriate, by conventional
symbols in the drawings, showing only those specific details that are pertinent to
understanding the embodiments of the present disclosure so as not to obscure the
disclosure with details that will be readily apparent to those of ordinary skill in the art
having the benefit of the description herein. Further, like numerals in the description
and drawings represent like elements.

For purposes of description herein, the terms "upper," "lower," "right," "left,"

nn

"rear,"” "front," "vertical," "horizontal," and derivatives thereof shall relate to the
disclosure as oriented in FIG. 1. Unless stated otherwise, the term "front" shall refer
to a surface of the device closest to an intended viewer, and the term "rear" or
“behind” shall refer to a surface of the device furthest from the intended viewer.
However, it is to be understood that the disclosure may assume various alternative
orientations, except where expressly specified to the contrary. It is also to be
understood that the specific devices and processes illustrated in the attached
drawings, and described in the following specification are simply exemplary
embodiments of the inventive concepts defined in the appended claims. Hence,
specific dimensions and other physical characteristics relating to the embodiments

disclosed herein are not to be considered as limiting, unless the claims expressly state

otherwise.

nn nn

The terms "including," "comprises," "comprising," or any other variation

thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such

n

process, method, article, or apparatus. An element preceded by "comprises a . . .
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does not, without more constraints, preclude the existence of additional identical
elements in the process, method, article, or apparatus that comprises the element.

[0016] With initial reference to FIG. 1, reference numeral 12 generally designates an
electro-optic assembly. The electro-optic assembly 12 includes a first substrate 14
defining a first surface 16 that is oriented towards a front of the electro-optic assembly
12, a second surface 18, and a first peripheral edge 20. The first substrate 14 may be
substantially transparent. The electro-optic assembly 12 also includes a second
substrate 22 defining a third surface 24 that is oriented towards the front of the
electro-optic assembly 12, a fourth surface 26, and a second peripheral edge 28. The
second substrate 22 may be substantially transparent. The first and second substrates
14, 22 are disposed in a parallel and spaced apart relationship and define a cavity 30
therebetween. An electro-optic medium 32 at least partially fills the cavity 30 and is
configured to change a degree of transmissiveness as a result of an applied electrical
potential. The electro-optic medium 32 may be a solution-phase or solid state, electro-
chromic medium. A first electrode layer 34 may be disposed on the second surface 18
of the first substrate 14 and a second electrode layer 36 may be disposed on the third
surface 24 of the second substrate 22. In other words, the first electrode layer 34 and
the second electrode layer 36 may be located on internal surfaces of the first and
second substrates 14, 22 to at least partially delimit the cavity 30 and interface with
the electro-optic medium 32. A reflective element 37 is disposed behind the electro-
optic medium 32, opposite the first substrate 14 (e.g., on the third surface 24). A
photodiode light sensor 38 is configured to detect a glare from a light, and a control
system 100 (e.g., a processor 104) is configured to adjust the applied electrical
potential to the electro-optic medium 32 by the first and second electrodes 34, 36 as
a result of the detected glare.

[0017] The first electrode layer 34 and the second electrode layer 36 may be formed
by electrically conductive transparent materials, including, but not limited to, a
transparent conducting film (e.g., indium tin oxide (ITO), F:Sn02, ZnO,
IZO), insulator/metal/insulator stack “IMI Structures”, carbon (graphene and/or
graphite), and/or a conductive metal mesh (e.g., nanowires). In various examples,
the electro-optic medium 32 may include at least one solvent, at least one anodic
material, and at least one cathodic material. Typically, both of the anodic and cathodic

4
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materials are electroactive and at least one of them may be electrochromic. It will be
understood that regardless of its ordinary meaning, the term “electroactive” may
mean a material that undergoes a modification in its oxidation state upon exposure to
a particular electrical potential difference. Additionally, it will be understood that the
term “electrochromic” may mean, regardless of its ordinary meaning, a material that
exhibits a change in its extinction coefficient at one or more wavelengths upon
exposure to a particular electrical potential difference.

[0018] An electric bus 39 may at least partially travel along a peripheral edge of the
cavity 30. For example, the electric bus 39 may include a conductive adhesive, tape,
and/or the like, that may include a higher electric conductivity than one of or both of
the first electrode layer 34 and the second electrode layer 36. The electric bus 39 may
be placed on an internal surface (e.g., a surface that faces towards the cavity 30) of
the first electrode layer 34 and/or the second electrode layer 36 or the electric bus 39
may be placed on an outer surface (e.g., a surface that faces away from the cavity 30)
of the first electrode layer 34 and/or the second electrode layer 36. In some instances,
the electric bus 39 may transverse an entire perimeter of the cavity 30 or may be
localized to one or more discrete locations.

[0019] With continued reference to FIG. 1, the electro-optic assembly 12 may include
a third substrate 40 defining a fifth surface 42, a sixth surface 44 opposite the fifth
surface 42, and a third peripheral edge 46. The third substrate 40 may be substantially
transparent. The electro-optic assembly 12 may also include a fourth substrate 48
defining a seventh surface 50, an eighth surface 52 opposite the seventh surface 50,
and a fourth peripheral edge 54. The fourth substrate 48 may be substantially
transparent. In some instances, a first laminate layer 56 may be located between the
third substrate 40 and the first substrate 14 and a second laminate layer 58 may be
located between the fourth substrate 48 and the second substrate 22. The first and
second laminate layers 56, 58 may comprise an elastic polymer (“EVA”) including, but
not limited to, at least one of thermoplastic polyurethane (“TPU”), polyvinyl butyral
(“PVB”), and/or the like. The third substrate 40 may be located outwardly from the
first substrate 14 (e.g., away from the cavity 30 and facing towards the first surface
16), and the fourth substrate 48 may be located outwardly from the second substrate
22 (e.g., away from the cavity 30 and facing towards the third surface 24). One or

5
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more of the substrates 14, 22, 40, 48 may comprise glass (e.g., soda-lime glass or
borosilicate glass), plastics, and/or the like.

[0020] The electro-optic assembly 12 includes a primary seal 60. The primary seal 60
may include a substantially continuous line outlining a periphery of the cavity 30 to
retain the electro-optic medium 32 between the first substrate 14 and the second
substrate 22 in an inboard direction. The primary seal 60, therefore, may define a
transmission perimeter of the electro-optic medium 32. In other words, the
transmission perimeter delimits the shape of the electro-optic assembly 12 that can
change transmissibility. The primary seal 60 may have a seal medium, such as an
epoxy, and a plurality of first spacer elements 64 may be coupled to (e.g.,
encapsulated, semi-encapsulated, adhered to, or combinations thereof) the seal
medium. In some embodiments, the primary seal 60 may substantially cover and/or
be aligned with the electric bus 39. In some embodiments, the electro-optic assembly
12 may include a display 61, for example, the electro-optic assembly 12 may be
configured as a full display mirror.

[0021] A concealment layer 62 may be located on one or more of the substrates 14,
22, 40, 48 to cover the primary seal 60 from end-consumer view (e.g., in a direction of
the front surface). The concealment layer 62 is illustrated as being raised from the
substrates 14, 22, however, it should be appreciated that the concealment layer 62
may be formed into or integral with any of the substrates 14, 22, 40, 48 so as to remain
substantially flush therewith. The concealment layer 62 covers visibility of the primary
seal 60 in a direction from the second surface 18 opposite the cavity 30 and in a
direction from the third surface 24 opposite the cavity 30. In other words, the
concealment layer 62 may be located on the first substrate 14 or third substrate 40
and the second substrate 22 or fourth substrate 48, with the primary seal 60
sandwiched therebetween. The concealment layer 62 may be a glass frit that is
integral with one or more of the substrates 14, 22, 40, 48. In other embodiments, the
concealment layer 62 may be non-integral. In some embodiments, the concealment
layer 62 may be reflective (e.g., a chrome ring), opaque, and/or the like. The
concealment layer 62 may cover the entirety or part of the primary seal 60.

[0022] With continued reference to FIG. 1, the photodiode light sensor 38 includes an
array of photodiodes 66 or micro-photodiodes 66. The micro-photodiodes 66 may be

6
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sized and arranged to be substantially transparent (e.g., non-detectable) to a user.
The micro-photodiodes 66 receive power via a conductive intermediary 68. The
conductive intermediary 68 may include a conductive film (e.g., indium tin oxide (ITO),
F:Sn02, ZnO, I1Z0), IMI Structures, carbon (graphene and/or graphite), a conductive
metal mesh, and/or nanowires) or a non-conductive film and a series of a conductive
traces. The conductive intermediary 68 will generally be electrically isolated from the
electrode layer 34, 36 and the electro-optic medium 32. It should be appreciated that,
in some embodiments, the electro-optic assembly 12 may not include the third and
fourth substrates 40, 48. As will be described in greater detail below, the array of
micro-photodiodes 66 may extend across substantially the entirety of a viewable area
67 (e.g., the transmission perimeter) or may, alternatively, be confined within discrete
localized regions of the viewable area 67. The array of micro-photodiodes 66 may
further be located in various locations relative to a direction between the front (first
surface 16 or sixth surface 44) and the rear (fourth surface 26 or eighth surface 52) of
the electro-optic assembly 12.

[0023] With reference now to FIGS. 2 and 3, the electro-optic assembly 12 may be
incorporated into a variety of structures. For example, the electro-optic assembly 12
may be incorporated into a transportation vessel such as a vehicle 70, an airplane (e.g.,
front window or passenger windows), a water vessel (e.g., a cruise liner, a ship, boat,
and/or the like), a building (e.g., windows within the building), a hybrid virtual reality
headset (e.g., in a goggle portion), and/or the like. More particularly, the electro-optic
assembly 12 may be incorporated into a rearview mirror 72 (e.g., a full display mirror
or a more traditional mirror containing the electro-optic assembly 12, for example,
without the display 61) or a side mirror 74. The rearview mirror 72 may include a
rearview housing 76 that supports the electro-optic assembly 12 and a rearview
mounting member 78 that is configured to mount the rearview housing 76 to an
interior cabin of the vehicle 70 (FIG. 3). The side mirror 74, on the other hand, may
include a side mirror housing 80 that supports the electro-optic assembly 12 and a
side mirror mounting member 82 that is configured to mount the side mirror housing
80 to an exterior surface of the vehicle 70. In other embodiments, the electro-optic
assembly 12 may be implemented in a window, such as a sunroof 83 or any other
window. In such embodiments, it is contemplated that the electro-optic assembly 12

7
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may not include the reflective element 37. The array of micro-photodiodes 66 may be
located in various locations within the viewable area 67 (e.g., the transmission
perimeter). For example, the array of micro-photodiodes 66 may cover substantially
the entire viewable area 67 as defined by a bezel 84 of the rearview housing 76.

[0024] In still further embodiments, the electro-optic assembly 12 may be
implemented in a visor assembly 85, such as a sun visor. In such embodiments, it is
contemplated that at least one sensor 86 (e.g., the photodiode light sensor 38) may
be connected to an exterior of the visor assembly and the array of micro-photodiodes
66 may be located within the visor assembly 85 (e.g., with a line of vision between a
user and the environment) to selectively darken. The at least one sensor 86 (e.g., the
photodiode light sensor 38) may include a sensor coupled to a front surface of the
visor assembly and a sensor coupled to a rear surface of the visor assembly. In this
manner, the at least sensor 86 (e.g., the photodiode light sensor 38) is oriented
towards the environment when it is articulated towards the windshield and side
windows. However, it should be appreciated that the at least one sensor 86 (e.g., the
photodiode light sensor 38) may be located in and/or on other locations of the visor
assembly 85 in addition or alternatively to the front and rear surfaces.

[0025] With reference to FIG. 3, various locations of the photodiodes 66 (e.g., the
micro-photodiodes 66) are depicted in reference to the rearview mirror 72, however,
it should be appreciated that the regions of the photodiodes 66 (e.g., the micro-
photodiodes 66) may also apply to the other structures. For example, the same
regions may apply to the side mirror 74, the window, such as the sunroof 83, any other
window, other types of transportation vessels, buildings, hybrid virtual reality
headsets, the visor assembly 85, and/or the like. In some embodiments, the array of
micro-photodiodes 66 may be located and confined within an upper region (“U.R.”) of
the viewable area 67. In other embodiments, the array of micro-photodiodes 66 may
be located and confined within a bottom region (“B.R.”) of the viewable area 67. In
some embodiments, the array of micro-photodiodes 66 may be located and confined
within a left region (“L.R.”) or a right region (“R.R.”). In other embodiments, the array
of micro-photodiodes 66 may be located in a central region (“C.R”). In still other
embodiments, the array of micro-photodiodes 66 may be located in two or more of
the regions U.R,, B.R., L.R., and C.R. In some embodiments, the array of micro-

8
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photodiodes 66 may cover substantially the entire viewable area 67 except for the
display 61. In some embodiments, photodiodes 66 cover substantially the entire
viewable area 67 except for the display 61 and micro-photodiodes 66 cover
substantially the entire display 61.

[0026] With reference to FIGS. 4 and 5, the micro-photodiodes 66 may be located in
a pattern with spacing “S” along a length “X” and a height “Y” of the viewable area 67
and/or region U.R,, B.R,, L.R,, and/or C.R. The spacing S may be uniform or non-
uniform and the pattern may likewise be uniform or non-uniform. For example, the
pattern may include uniform rows and columns, may be a hexagonal array, a non-
uniform pattern and/or the like. In some embodiments, the C.R. may include a higher
density (e.g., smaller spacing S) of micro-photodiodes 66 than one, more, or each of
outer regions U.R., B.R., and L.R. Alternatively, the C.R. may include a lower density
(e.g., greater spacing S) of micro-photodiodes 66 than one, more, or each of outer
regions U.R,, B.R., and L.R. In some embodiments, the display 61 may include a lower
density (e.g., greater spacing S) of micro-photodiodes 66 than one, more, or each of
the other regions U.R., B.R,, L.R., and C.R.

[0027] As best illustrated in FIG. 5, the photodiode light sensor 38 and the reflective
element 37 may be located in various levels with respect to the substrates 14, 22, 40,
48. For example, the reflective element 37 may be located behind the electro-optic
medium 32 and may be located in the regions indicated by dashed lines (e.g., the third
surface 24, the fourth surface 26, or the eighth surface 52). As it relates to the
photodiode light sensor 38, it may be located on any surface relative to the substrates
14, 22, 40, 48 as generally indicated by references L.A.-L.l. In embodiments where the
photodiode light sensor 38 is located on the second surface 18 or the third surface 24,
an isolation layer (not shown) may be located between the photodiode light sensor
38 and the electrode layers 34, 36 to electrically isolate the photodiode light sensor
38 (e.g., the conductive intermediary 68) from the electrode layers 34, 36.

[0028] With reference now to FIG. 6, the control system 100 of the electro-optic
assembly 12 is illustrated. The control system 100 may include an electronic control
unit (ECU) 102 configured to perform the functions and method steps as described
herein. The ECU 102 may include the processor 104 and a memory 106. The processor
104 may include any suitable processor 104. Additionally, or alternatively, the ECU 102

9
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may include any suitable number of processors, in addition to or other than the
processor 104. The memory 106 may comprise a single disk or a plurality of disks (e.g.,
hard drives), and includes a storage management module that manages one or more
partitions within the memory 106. In some embodiments, the memory 106 may
include a non-transitory memory, flash memory, semiconductor (solid state) memory,
and/or the like. The memory 106 may include Random Access Memory (RAM), a Read-
Only Memory (ROM), or a combination thereof. The memory 106 may include
instructions that, when executed by the processor 104, cause the processor 104 to, at
least, perform the functions and method steps as described herein. The electro-optic
medium 32, the photodiode light sensor 38, and the display 61 may, therefore, be
controlled, receive inputs and power, and/or transmit inputs to and from the ECU 102.
The ECU 102 may receive and/or the memory 106 may save light threshold profile
data 108 and electro-optic transmission data 110. In this manner, the control system
100 (e.g., the processor 104) may be configured to receive inputs from the photodiode
light sensor 38 that relate to an amount of detected light (e.g., glare), compare the
amount of detected light (e.g., glare) with the light threshold profile data 108, and
electro-activate the electro-optic medium 32 if the detected light is above a threshold.
In some embodiments, the light threshold profile data 108 may include a single
threshold corresponding to electro-activating the electro-optic medium 32 to reduce
glare. In other embodiments, the light threshold profile data 108 may include a
plurality of thresholds corresponding to electro-activating the electro-optic medium
32 to different degrees of transmissiveness to reduce glare optimally relative to the
amount of detected lighting. In such embodiments, the electro-optic transmission
data 110 may include a plurality of applied voltages corresponding to the amount of
detected light, wherein each applied voltage increases as a result of an increase of
detected light above a subsequent (i.e., higher) threshold. In some embodiments, the
control system 100 may in addition or alternatively include application-specific
integrated circuits (ASIC), or other circuitry configured to perform instructions,
computations, and control various input/output signals to control the control system

100.
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[0029] The disclosure herein is further summarized in the following paragraphs and is
further characterized by combinations of any and all of the various aspects described
therein.

[0030] According to one aspect of the present disclosure, an electro-optic assembly
includes a first substrate having a first surface and a second surface that is opposite
the first surface. A second substrate has a third surface and a fourth surface that is
opposite the third surface. The first and second substrates are disposed in a parallel
and spaced apart relationship so as to define a cavity therebetween. The second and
third surfaces face each other. An electro-optic medium is located in the cavity and is
configured to change a degree of transmissiveness as a result of an applied electrical
potential. A first electrode layer is located on the second surface and a second
electrode layer is located on the third surface. Areflective elementis disposed behind
the electro-optic medium, opposite the first substrate. A photodiode light sensor is
configured to detect a glare from a light, and a control system is configured to adjust
the applied electrical potential to the electro-optic medium by the first and second
electrodes as a result of the detected glare.

[0031] According to another aspect, a photodiode light sensor includes an array of

micro-photodiodes.

[0032] According to yet another aspect, an array of micro-photodiodes is substantially
transparent.
[0033] According to still yet another aspect, an array of micro-photodiodes are

electrically insulated from the first electrode layer, the second electrode layer, and
the electro-optic medium.

[0034] According to another aspect, an array of micro-photodiodes is located on a
conductive film.

[0035] According to yet another aspect, a photodiode light sensor is located in front
of a reflective element in a direction towards a first surface.

[0036] According to still yet another aspect, a photodiode light sensor is located
behind a reflective element in a direction away from the first substrate.

[0037] According to another aspect, a rearview mirror includes the electro-optic

device.
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[0038] According to yet another aspect, a display located behind a photodiode light
sensor in a direction away from a first substrate.

[0039] According to still yet another aspect, a seal defines a viewable area and a
photodiode light sensor substantially covers the entire viewable area.

[0040] According to another aspect of the present disclosure, an electro-optic
assembly includes a first substrate having a first surface and a second surface that is
opposite the first surface. A second substrate has a third surface and a fourth surface
that is opposite the third surface. The first and second substrates are disposed in a
parallel and spaced apart relationship so as to define a cavity therebetween. The
second and third surfaces face each other. An electro-optic medium is located in the
cavity and is configured to change a degree of transmissiveness as a result of an
applied electrical potential. A first electrode layer is located on the second surface and
a second electrode layer is located on the third surface. A photodiode light sensor is
configured to detect a glare from a light, and a control system is configured to adjust
the applied electrical potential to the electro-optic medium by the first and second
electrodes as a result of the detected glare.

[0041] According to another aspect, a photodiode light sensor includes an array of
micro-photodiodes.

[0042] According to yet another aspect, an array of micro-photodiodes is substantially
transparent.

[0043] According to still yet another aspect, a window includes the electro-optic
device.

[0044] According to another aspect, a sunroof of a vehicle includes the electro-optic
device.

[0045] According to yet another aspect, micro-photodiodes are located in a uniform
pattern.

[0046] According to still yet another aspect, the uniform pattern includes equal
spacing between the micro-photodiodes.

[0047] According to yet another aspect of the present disclosure, an electro-optic
assembly includes a first substrate having a first surface and a second surface that is
opposite the first surface. A second substrate has a third surface and a fourth surface

that is opposite the third surface. The first and second substrates are disposed in a
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parallel and spaced apart relationship so as to define a cavity therebetween. The
second and third surfaces face each other. An electro-optic medium is located in the
cavity and is configured to change a degree of transmissiveness as a result of an
applied electrical potential. A first electrode layer is located on the second surface and
a second electrode layer is located on the third surface. An array of photodiodes are
located within a conductive medium configured to detect a glare from a light. The
conductive medium is electrically isolated from the first and second electrodes. A
control system is configured to adjust the applied electrical potential to the electro-
optic medium by the first and second electrodes as a result of the detected glare.

[0048] According to another aspect, a conductive medium is selected from a group
comprising at least one of a conductive film, an IMI Structure, a conductive metal
mesh, and a non-conductive film with a series of conductive traces.

[0049] According to yet another aspect, photodiodes are micro-photodiodes and an
array of micro-photodiodes is substantially transparent.

[0050] For purposes of this disclosure, the term "coupled"” (in all of its forms, couple,
coupling, coupled, etc.) generally means the joining of two components (electrical or
mechanical) directly or indirectly to one another. Such joining may be stationary in
nature or movable in nature. Such joining may be achieved with the two components
(electrical or mechanical) and any additional intermediate members being integrally
formed as a single unitary body with one another or with the two components. Such
joining may be permanent in nature or may be removable or releasable in nature
unless otherwise stated.

[0051] As used herein, the term “about” means that amounts, sizes, formulations,
parameters, and other quantities and characteristics are not and need not be exact,
but may be approximate and/or larger or smaller, as desired, reflecting tolerances,
conversion factors, rounding off, measurement error and the like, and other factors
known to those of skill in the art. When the term “about” is used in describing a value
or an end-point of a range, the disclosure should be understood to include the specific
value or end-point referred to. Whether or not a numerical value or end-point of a
range in the specification recites “about,” the numerical value or end-point of a range
is intended to include two embodiments: one modified by “about,” and one not
modified by “about.” It will be further understood that the end-points of each of the
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ranges are significant both in relation to the other end-point, and independently of
the other end-point.

[0052] The terms “substantial,” “substantially,” and variations thereof as used herein
are intended to note that a described feature is equal or approximately equal to a
value or description. For example, a “substantially planar” surface is intended to
denote a surface that is planar or approximately planar. Moreover, “substantially” is
intended to denote that two values are equal or approximately equal. In some
embodiments, “substantially” may denote values within about 10% of each other,
such as within about 5% of each other, or within about 2% of each other.

[0053] It is also important to note that the construction and arrangement of the
elements of the disclosure, as shown in the exemplary embodiments, is illustrative
only. Although only a few embodiments of the present innovations have been
described in detail in this disclosure, those skilled in the art who review this disclosure
will readily appreciate that many modifications are possible (e.g., variations in sizes,
dimensions, structures, shapes and proportions of the various elements, values of
parameters, mounting arrangements, use of materials, colors, orientations, etc.)
without materially departing from the novel teachings and advantages of the subject
matter recited. For example, elements shown as integrally formed may be constructed
of multiple parts, or elements shown as multiple parts may be integrally formed, the
operation of the interfaces may be reversed or otherwise varied, the length or width
of the structures and/or members or connector or other elements of the system may
be varied, and the nature or number of adjustment positions provided between the
elements may be varied. It should be noted that the elements and/or assemblies of
the system may be constructed from any of a wide variety of materials that provide
sufficient strength or durability, in any of a wide variety of colors, textures, and
combinations. Accordingly, all such modifications are intended to be included within
the scope of the present innovations. Other substitutions, modifications, changes, and
omissions may be made in the design, operating conditions, and arrangement of the
desired and other exemplary embodiments without departing from the spirit of the
present innovations.

[0054] It will be understood that any described processes or steps within described
processes may be combined with other disclosed processes or steps to form structures
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within the scope of the present disclosure. The exemplary structures and processes

disclosed herein are for illustrative purposes and are not to be construed as limiting.
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What is claimed is:

1. An electro-optic assembly comprising:

a first substrate having a first surface and a second surface opposite the first
surface;

a second substrate having a third surface and a fourth surface opposite the
third surface, the first and second substrates disposed in a parallel and spaced apart
relationship so as to define a cavity therebetween, the second and third surfaces
facing each other;

an electro-optic medium located in the cavity and configured to change a
degree of transmissiveness as a result of an applied electrical potential;

a first electrode layer located on the second surface and a second electrode
layer located on the third surface;

a reflective element disposed behind the electro-optic medium, opposite the
first substrate;

a photodiode light sensor configured to detect a glare from a light; and

a control system configured to adjust the applied electrical potential to the
electro-optic medium by the first and second electrodes as a result of the detected

glare.

2. The electro-optic assembly of claim 1, wherein the photodiode light sensor

includes an array of micro-photodiodes.

3. The electro-optic assembly of claim 2, wherein the array of micro-

photodiodes is substantially transparent.

4, The electro-optic assembly of claim 2 or claim 3, wherein the array of micro-
photodiodes are electrically insulated from the first electrode layer, the second

electrode layer, and the electro-optic medium.

5. The electro-optic assembly of claim 2 or claim 3, wherein the array of micro-

photodiodes is located on a conductive film.
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6. The electro-optic assembly of claim 1, wherein the photodiode light sensor is

located in front of the reflective element in a direction towards the first surface.

7. The electro-optic assembly of any one of claims 1-3, wherein the photodiode

light sensor is located behind the reflective element in a direction away from the first

substrate.
8. A rearview mirror comprising the electro-optic device of claim 1.
9. The electro-optic assembly of claim 8, further including a display located

behind the photodiode light sensor in a direction away from the first substrate.

10. The electro-optic assembly of claim 9, further including a seal defining a
viewable area and the photodiode light sensor substantially covers the entire

viewable area.

11. An electro-optic assembly comprising:

a first substrate having a first surface and a second surface opposite the first
surface;

a second substrate having a third surface and a fourth surface opposite the
third surface, the first and second substrates disposed in a parallel and spaced apart
relationship so as to define a cavity therebetween, the second and third surfaces
facing each other;

an electro-optic medium located in the cavity and configured to change a
degree of transmissiveness as a result of an applied electrical potential;

a first electrode layer located on the second surface and a second electrode
layer located on the third surface;

a photodiode light sensor configured to detect a glare from a light; and

a control system configured to adjust the applied electrical potential to the
electro-optic medium by the first and second electrodes as a result of the detected

glare.
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12. The electro-optic assembly of claim 11, wherein the photodiode light sensor

includes an array of micro-photodiodes.

13. The electro-optic assembly of claim 12, wherein the array of micro-

photodiodes is substantially transparent.

14. A window comprising the electro-optic device of claim 13.

15. The electro-optic assembly of claim 14, wherein the window is a sunroof of a
vehicle.

16. The electro-optic assembly of any one of claims 12-15, wherein the micro-

photodiodes are located in a uniform pattern.

17. The electro-optic assembly of claim 16, wherein the uniform pattern includes

equal spacing between the micro-photodiodes.

18. An electro-optic assembly comprising:

a first substrate having a first surface and a second surface opposite the first
surface;

a second substrate having a third surface and a fourth surface opposite the
third surface, the first and second substrates disposed in a parallel and spaced apart
relationship so as to define a cavity therebetween, the second and third surfaces
facing each other;

an electro-optic medium located in the cavity and configured to change a
degree of transmissiveness as a result of an applied electrical potential;

a first electrode layer located on the second surface and a second electrode
layer located on the third surface;

an array of photodiodes within a conductive medium configured to detect a
glare from a light, wherein the conductive medium is electrically isolated from the
first and second electrodes; and
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a control system configured to adjust the applied electrical potential to the
electro-optic medium by the first and second electrodes as a result of the detected

glare.

19. The electro-optic assembly of claim 18, wherein the conductive medium is
selected from a group comprising at least one of a conductive film, an IMI Structure,
a conductive metal mesh, and a non-conductive film with a series of conductive

traces.
20. The electro-optic assembly of claim 18 or claim 19, wherein the photodiodes

are micro-photodiodes and the array of micro-photodiodes is substantially

transparent.

19



PCT/1B2024/055460

WO 2024/252283

1/6

«\«W\ g5
8t
R &7
9%
£ N S @m
o P o,
o P
o - 0T
z9
ey /H,/I/,, o
vy o



PCT/1B2024/055460

WO 2024/252283

2/6




WO 2024/252283 PCT/1B2024/055460

3/6

R.R.

T




PCT/1B2024/055460

WO 2024/252283

4/6

< <2 > < o2 <=2 <>
< <z

< 22

Lo B s |
Loo B s |

<

<2

Lo o 2 o T v S v 2 s

Lo o N o A o B s S o v S s )

>

< <> <> < <> 2

vaﬁmvggeﬂv

8%

$ ]



PCT/1B2024/055460

WO 2024/252283

5/6

£i

oy



PCT/1B2024/055460

WO 2024/252283

6/6

{10} Avidsig e

{nLi} eieq {801} 2100y
LOISSHRUSURIL PIOUSadLLL
ondg-ons9i3 (Hily
{2} Josuag Wb
B s 8
BPOIPOIoU ST AIGUET

{ze} wnpaw
200810013

{p0L) 108582044

\\\\ Zonog




INTERNATIONAL SEARCH REPORT International application No.
PCT/1B2024/055460

A. CLASSIFICATION OF SUBJECT MATTER
GO2F 1/157(2006.01)i; GO2F 1/155(2006.01)i; GO2F 1/163(2006.01)i; HO1L 31/12(2006.01)i; B60J 7/043(2006.01)i

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)

GOZF 1/157(2006.01); B60R 1/08(2006.01); GO2B 17/00(2006.01); GO2B 27/01(2006.01); GO2B 5/08(2006.01);
GOZF 1/015(2006.01); GO2F 1/1335(2006.01); GO2F 1/1516(2019.01); GO2F 1/163(2006.01); G09G 3/38(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in 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)

eKOMPASS(KIPO internal) & Keywords: electro-optic assembly, substrate, electro-optic medium, electrode, reflective element,
micro-photodiode, rearview mirror, light sensor, window, glare

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2021-0323476 Al (GENTEX CORPORATION) 21 October 2021 (2021-10-21)
Y paragraphs [0032]-[0036], [0045], [0059]-[0062]; claim 1; and figures 1a-3b 1,6-11

A 2-5,12-20

US 2006-0268416 A1 (ROBERT H. NIXON et al.) 30 November 2006 (2006-11-30)
Y paragraph [0017] 1,6-11

US 2019-0163013 Al (GENTEX CORPORATION) 30 May 2019 (2019-05-30)
Y paragraphs [0025]-[0026]; and figures 1A-2B 9-10

CN 218273018 U (GOERTEK TECHNOLOGY CO., LTD.) 10 January 2023 (2023-01-10)
A paragraphs [0028], [0033]; and figure 4 1-20

US 2022-0277706 Al (FURCIFER INC.) 01 September 2022 (2022-09-01)

A paragraphs [0035]-[0065], [0078]-[0102]; and figures 1-3, 12A-18 1-20

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
20 September 2024 23 September 2024
Name and mailing address of the [SA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon YANG, Jeong Rok
35208, Republic of Korea
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-5709

Form PCT/ISA/210 (second sheet) (July 2022)



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

PCT/1B2024/055460
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
us 2021-0323476 Al 21 October 2021 CN 115398327 A 25 November 2022
EP 4136503 Al 22 February 2023
EP 4136503 A4 04 October 2023
Jp 2023-521868 A 25 May 2023
KR 10-2023-0002408 A 05 January 2023
us 11794652 B2 24 QOctober 2023
WO 2021-211951 Al 21 October 2021
uUs 2006-0268416 Al 30 November 2006 CN 100198121 C 20 April 2005
CN 100338042 A 27 February 2002
CN 100545597 C 30 September 2009
CN 100654934 A 17 August 2005
us 2002-0100865 Al 01 August 2002
us 2003-0122060 Al 03 July 2003
us 2004-0222359 Al 11 November 2004
us 6359274 Bl 19 March 2002
us 6504142 B2 07 January 2003
us 6737629 B2 18 May 2004
us 7087878 B2 08 August 2006
uUsS 7378633 B2 27 May 2008
WO 00-43741 Al 27 July 2000
us 2019-0163013 Al 30 May 2019 CN 111316160 A 19 June 2020
EP 3692413 Al 12 August 2020
EP 3692413 A4 12 August 2020
EP 3692413 Bl 15 September 2021
UsS 10824004 B2 03 November 2020
us 11586066 B2 21 February 2023
us 2021-0048709 Al 18 February 2021
WO 2019-102283 Al 31 May 2019
CN 218273018 U 10 January 2023 None
us 2022-0277706 Al 01 September 2022 uUsS 11386865 B2 12 July 2022
us 11694649 B2 04 July 2023
us 2020-0226999 Al 16 July 2020

Form PCT/ISA/210 (patent family annex) (July 2022)



	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 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

