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(57) Abstract: Techniques described herein relate to assemblies
with selective optical transmissivity. The assembly can include a
first layer and a second layer. The first layer can include a multiple
number of liquid lens units. The liquid lens units can be configured
to selectively focus incoming optical rays between a first focal
length and a second focal length. The second layer can be spaced
apart from the first layer and can include a multiple number of op-
tical waveguides. The optical waveguides can include one or more
waveguide inlets such that the second layer includes a multiple
number of waveguide inlets. Each of the waveguide inlets may be
associated with a respective one of the liquid lens units and may be
spaced apart from the respective one of the liquid lens units by a
distance within the focal range. Assemblies defined herein particu-
larly useful in modifying the natural lighting of an interior space.
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SHADING SYSTEM USING LIQUID LENS AND LIGHT WAVEGUIDE
BACKGROUND

[0001] Unless otherwise indicated herein, the materials described herein are not prior
art to the claims in the present application and are not admitted to be prior art by inclusion
in this section.

[0002] Natural lighting, e.g., light from the sun, is sometimes used for illuminating
rooms in buildings, houses, and other structures. Although natural lighting may
adequately illuminate a room, the natural lighting may interfere with use of the room due
to an incoming angle or intensity of the natural light. For example, the natural lighting
may create glare on a computer monitor in the room or may shine in a person’s eyes as a
result of its incoming angle and/or intensity.

[0003] As a result, light-control devices are often used to block natural lighting. Such
light-control devices may include window blinds and curtains, for instance, and may
include one or more non-transmissive portions that block natural lighting from entering a
room. The blocked lighting may be reflected or converted to heat but does not generally
illuminate the room, even if illumination is desired. Consequently, interior lights may be
used together with light-control devices to provide adequate illumination in a room when
natural lighting is blocked.

SUMMARY

[0004] Techniques described herein generally relate to assemblies with selective
optical transmissivity.

[0005] In some examples, an assembly with selective optical transmissivity is
described. The assembly can include a first layer and a second layer. The first layer can
include a multiple number of liquid lens units. Each of the liquid lens units can be
configured to selectively focus incoming optical rays within a focal range defined
between a first focal length and a second focal length. The second layer can be spaced
apart from the first layer and can include a multiple number of optical waveguides. Each
of the optical waveguides can include one or more waveguide inlets such that the second
layer includes a multiple number of waveguide inlets. Fach of the waveguide inlets may
be associated with a respective one of the liquid lens units and spaced apart from the
respective one of the liquid lens units by a distance within the focal range.

[0006] In some examples, an assembly with selective optical transmissivity is
described. The assembly can include a first layer, a second layer and a buffer layer. The

first layer can include an array of liquid lens units. The second layer can be spaced apart
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from the first layer and can include a multiple number of optical waveguides. Each of the
optical waveguides can include one or more waveguide inlets such that the second layer
includes a multiple number of waveguide inlets. Each of the waveguide inlets may be
associated with a respective liquid lens unit included in the array of liquid lens units. The
buffer layer can be positioned between the first and second layers.

[0007] In some examples, a method of operating an assembly with selective optical
transmissivity is described. The method can include receiving a multiple number of
incoming optical rays at the assembly. The method can also include transmitting a first
portion of the incoming optical rays received by a first portion of the assembly through
the first portion of the assembly to illuminate a first portion of an interior space. The
method can also include at least partially blocking a second portion of the incoming
optical rays received by a second portion of the assembly from illuminating a second
portion of the interior space. The method can also include redirecting the blocked second
portion of the incoming optical rays received by the second portion of the assembly to
illuminate a third portion of the interior space.

[0008] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference to

the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES
[0009] In the drawings:

Figure 1 is a block diagram of an example operating environment in which a
shading system can be implemented;

Figure 2A is a cross-sectional view of an assembly included in the shading system
of Figure 1;

Figure 2B is a front view of a first layer included in the assembly of Figure 2A;

Figure 3 is a perspective view of an illustrative embodiment of an XY stage
included in the assembly of Figure 2A;

Figures 4A-4B are a double-cross-sectional perspective view and a cross-sectional
side view of an illustrative embodiment of the first layer included in the assembly of
Figure 2A;

Figures SA-5D depict a principle of operation of an individual cell that may be

included in the first layer of Figures 4A-4B;
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Figures 6A-6B are cross-sectional side views of an alternative embodiment of the
first layer included in the assembly of Figure 2A;

Figure 7 is a cross-sectional side view of an illustrative embodiment of a second
layer included in the assembly of Figure 2A;

Figures 8A-8C illustrate some example operating modes of the assembly of Figure
2A; and

Figure 9 shows an example flow diagram of a method of operating an assembly
with selective optical transmissivity,

all arranged in accordance with at least some embodiments described herein.
DETAILED DESCRIPTION
[0010] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be utilized, and other changes may be made, without departing
from the spirit or scope of the subject matter presented herein. It will be readily
understood that the aspects of the present disclosure, as generally described herein, and
illustrated in the Figures, can be arranged, substituted, combined, separated, and designed
in a wide variety of different configurations, all of which are explicitly contemplated
herein.
[0011] Some embodiments disclosed herein generally relate to assemblies with
selective optical transmissivity that can be implemented to control lighting in a room or
other interior space. An example assembly can include a first layer and a second layer.
The first layer can include multiple liquid lens units that are each configured to
selectively focus incoming optical rays within a focal range defined between a first focal
length and a second focal length. The liquid lens units may be independently controlled.
[0012] The second layer can be spaced apart from the first layer and can include
multiple optical waveguides. Fach of the optical waveguides can include multiple
waveguide inlets. Fach of the waveguide inlets may be spaced apart from a respective
one of the liquid lens units by a distance within the focal range. Incoming light can be
blocked from entering the room by controlling one or more liquid lens units to focus
incoming optical rays on one or more corresponding waveguide inlets. For instance, the

assembly may include a control module configured to independently control the liquid
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lens units. The focused optical rays can be received through the one or more waveguide
inlets into one or more corresponding optical waveguides as redirected optical rays.
[0013] Each of the optical waveguides can include at least one waveguide outlet. The
waveguide outlets can be configured to output redirected optical rays into the room in
such a manner as to provide illumination without interfering with use of the room. For
example, the redirected optical rays may be output into the room from a particular
location and/or at a particular angle that does not interfere with use of the room.

[0014] The assembly can be implemented in a shading system that can additionally
include one or more optical ray output devices. The optical ray output devices may be
coupled to the optical waveguides of the second layer through one or more optical fibers
and/or fiber couplers. For instance, an optical ray output device may be positioned in a
ceiling of the room and may be configured to diffusely output redirected optical rays into
the room from the ceiling.

[0015]  One skilled in the art will appreciate, with the benefit of the present disclosure,
that some embodiments of the assembly and/or shading system disclosed herein permit
light to be controlled on a highly granular basis to create shade in specific regions of a
room or other interior space. Thus, incoming light may enter and provide lighting for
regions of the room where the incoming light does not interfere with use of the room,
while other regions of the room where incoming light might interfere with use of the
room can be shaded. Dor instance, if incoming light would create glare on a computer
monitor or other display, the computer monitor or other display can be shaded from the
incoming light while allowing the incoming light to illuminate other regions of the room.
Alternately or additionally, incoming light that is blocked from illuminating a particular
region of the room may be redirected to enter the room from another direction or location,
thereby illuminating the room without interfering with the use of the room.

[0016] Figure 1 shows a diagram of an example operating environment 100 in which a
shading system 102 can be implemented in accordance with at least some embodiments
described herein. In the illustrated embodiment, a portion of the shading system 102 may
be interposed between a light source 104, such as the sun, and an interior space 106 of the
operating environment 100. The operating environment 100 may include a room in a
house, a building, or other structure in some embodiments.

[0017]  The portion of the shading system 102 interposed between the light source 104
and the interior space 106 may include an assembly 108 set in a wall 110 and

implemented as a window. Generally, the assembly 108 may be configured, e.g., by a



10

15

20

25

30

WO 2012/121715 PCT/US2011/027654

-5-

control module or other computing device, to selectively transmit or block incoming
optical rays 112. In the illustrated embodiment of Figure 1, for instance, the assembly
108 may be configured to selectively transmit a first portion of the incoming optical rays
112 received by a first portion 108A of the assembly 108 into the interior space 106, and
to selectively block at least a second portion of incoming optical rays 112 received by a
second portion 108B of the assembly 108.

[0018]  Optionally, incoming optical rays 112 that are blocked from entering the
interior space 106 through the assembly 108 may be redirected and enter the interior
space 106 as redirected optical rays 114 from a different direction than the incoming
optical rays 112. For instance, some of the incoming optical rays 112 may be redirected
from the second portion 108B of the window 108 to enter the interior space 106 through a
frame 108C of the assembly 108 as redirected optical rays 114. Alternately or
additionally, some of the incoming optical rays 112 may be redirected through one or
more optical ray output devices 116 set in a ceiling (not shown) or wall 118 to enter the
interior space 106 as redirected optical rays 114.

[0019] In these and other embodiments, the shading system 102 may further include
one or more optical fibers 120 configured to optically couple the frame 108C and/or
optical ray output devices 114 to the assembly 108. Alternately or additionally, the
shading system 102 may further include one or more optical switches (not shown)
configured to control output of the redirected optical rays 114 through particular ones of
the optical ray output devices 116.

[0020] Each of the optical ray output devices 116 may include a light guide configured
to diffusely output the redirected optical rays 114. Such light guides may each include a
substantially planar structure and may be coated on one side by a reflective film including
gold, silver, or aluminum plating, for instance.

[0021] In some embodiments, the shading system 102 may further include or be
coupled to a control module 122. The control module 122 may generally be configured to
control optical transmissivity of the assembly 108. In some embodiments, for instance,
the control module 122 may be configured to independently control one or more liquid
lens units included in the assembly 108 by independently controlling a focal length of
each of the liquid lens units, as will be described in greater detail below.

[0022] Figure 2A shows a cross-sectional view of an illustrative embodiment of the
assembly 108 included in the shading system 102 of Figure 1 that is arranged in

accordance with at least some embodiments described herein. The assembly 108 may
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include, for instance a first layer 202, and a second layer 204 spaced apart from the first
layer. The first and second layers 202, 204 may be configured in a substantially parallel
orientation with respect to one another. Alternately or additionally, the assembly 108
may further include a buffer layer 206, an XY stage 208 and/or a seal member 209.

[0023] Figure 2B shows a front view of an illustrative embodiment of the first layer
202 included in the assembly 108 of Figure 2A that is arranged in accordance with at least
some embodiments described herein. With combined reference to Figure 2A and 2B, the
first layer 202 may include a multiple number of liquid lens units 210, including liquid
lens unit 210A and liquid lens unit 210B. The liquid lens units 210 may be arranged in an
array including a multiple number of columns 212 (only one column 212 is visible in
Figure 2A).

[0024] Each of the liquid lens units 210 may be configured, e.g., by control module
122 (Figure 1), to selectively focus incoming optical rays 112 within a focal range
defined between a minimum focal length f;, and a maximum focal length ... The
minimum focal length f,;, may be less than about 20 millimeters (*mm”), or less than
about 5 mm, or less than about 1 mm. The maximum focal length f;,.,x may be more than
about 40 mm, or more than about 100 mm, or about infinity. Alternately or additionally,
the maximum focal length f,,,x may be a negative focal length.

[0025] In the illustrated embodiment, the liquid lens unit 210A may be configured
with a focus at a first focal length f; within the focal range fyin-fiax such that a first set
217A of incoming optical rays 217 transmitted through the liquid lens unit 210A may be
focused on the second layer 204 as focused optical rays 218. The liquid lens unit 210B
may be configured with a focus at a second focal length f, of about infinity such that a
second set 217B of incoming optical rays 217 transmitted through the liquid lens unit
210B are substantially unaffected by transmission through the liquid lens unit 210B.
[0026] The second layer 204 may include a multiple number of optical waveguides
214 (only one optical waveguide 214 is visible in Figure 2A). Fach of the optical
waveguides 214 may include a multiple number of waveguide inlets 216, including
waveguide inlets 216A and 216B. Fach of the waveguide inlets 216 may be associated
with a respective liquid lens unit 210 and may be spaced apart from the respective liquid
lens unit 210 by a distance D within the focal range fii-fmax. For example, the
waveguide inlets 216A, 216B may be respectively spaced apart from liquid lens units

210A, 210B by the distance D. The distance D may be in a range from between about 10
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mm to about 20 mm, or between about 5 mm to about 40 mm or between about 1 mm to
about 100 mm.

[0027] Each of the optical waveguides 214 may be aligned with a respective column
212 of liquid lens units 210. In some embodiments, as explained in greater detail below,
each of the optical waveguides 214, except for waveguide inlets 216, may be coated with
a plating film. In these and other embodiments, a diameter of each of the optical
waveguides 214 may be less than about thirty percent, or less than about ten percent, or
less than about five percent, of a width of a corresponding column 212 of liquid lens units
210. Alternately or additionally, a diameter of each of the optical waveguides 214 may
be less than about 50 micrometers (“um”), or less than about 10 um, or less than about 5
um.

[0028] In other embodiments, a plating film may be omitted from coating the optical
waveguides 214. Accordingly, the waveguides 214 may be substantially transparent to
incoming optical rays 217 that are incident on the waveguides 214 other than at the
waveguide inlets 216. In these and other embodiments, a diameter of each of the optical
waveguides 214 may be as much as about 100% or more of the width of a corresponding
column 212 of liquid lens units 210.

[0029] Each of the waveguide inlets 216 may be configured to receive incoming
optical rays 112 focused by a respective one of the liquid lens units 210. For instance, the
waveguide inlet 216A may be adapted to receive the focused optical rays 218.
Alternately or additionally, the waveguide inlet 216A may be adapted to direct the
focused optical rays 218 into the optical waveguide 214.

[0030] In contrast, the second set 112B of optical rays 112 that are unfocused by the
liquid lens unit 210B may be substantially transmitted through the second layer 204. In
some embodiments, however, one or more optical rays 112 of the unfocused second set
112B may be incident on the waveguide inlet 216B such that they may be received by the
waveguide inlet 216B and directed into the optical waveguide 214.

[0031] More generally, it will be appreciated, with the benefit of the present
disclosure, that each of the waveguide inlets 216 may be adapted to receive and direct
into the optical waveguide 214 a relatively greater or lesser percentage of the optical rays
112 transmitted through respective liquid lens units 210 depending on the respective focal
lengths of the liquid lens units 210. For example, a waveguide inlet 216 may be
configured to receive substantially all of the optical rays 112 transmitted through a liquid

lens unit 210 with a focal length f; equal to about D. Alternately or additionally, a
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waveguide inlet 216 may be configured to receive substantially none of the optical rays
112 transmitted through a liquid lens unit 210 with a focal length f, equal to about
infinity. Alternately or additionally, a waveguide inlet 216 may be adapted to receive a
portion of the optical rays 112 transmitted through a liquid lens unit 210 with a focal
length f; greater than about D and less than about f,.

[0032] In the illustrated embodiment of Figure 2A, the buffer layer 206 may be
positioned between the first and second layer 202, 204. The buffer layer 206 may include
one or more of water, silicon oil, paraffin oil, hydrocarbon liquid, fluorinated
hydrocarbon, and/or the like. An index of refraction of the buffer layer 206 may be in a
range between about 1.25 and about 1.5, such as about 1.3, 1.4, or 1.48. Alternately or
additionally, the index of refraction of the buffer layer 206 may be in a range between
about 1.25 and about 1.3, about 1.4 or about 1.5.

[0033] More generally, the index of refraction of the buffer layer 206 may be
between an index of refraction of the liquid lens units 210 and an index of refraction of
the optical waveguides 214. In other embodiments, the index of refraction of the buffer
layer 206 may be less than about 10% higher than the index of refraction of the liquid
lens units 210, or the index of refraction of the optical waveguides 214, whichever is
higher. In yet other embodiments, the index of refraction of the buffer layer 206 may be
less than about 10% lower than the index of refraction of the liquid lens units 210, or the
index of refraction of the optical waveguides 214, whichever is lower.

[0034] Each optical waveguide 214 may include a waveguide outlet 220 configured to
output redirected optical rays 114 that have been directed through respective optical
waveguides 214. While the waveguide outlets 220 are illustrated in Figure 2A as being
positioned at the bottom of the assembly 108, in other embodiments the waveguide
outlets 220 may be positioned at the top, sides, or other areas of the assembly 108.

[0035] With combined reference to Figures 1-2A, the waveguide outlets 220 may be
configured to output the redirected optical rays 114 directly into the interior space 106.
Thus, the optical ray output devices 116 of Figure 1 may include the waveguide outlets
220. Alternately or additionally, the waveguide outlets 220 may be optically coupled to
one or more optical ray output devices 116 set in a ceiling or wall 118 or frame 108C of
the assembly 108. In these and other embodiments, each of the waveguide outlets 220
may be optically coupled to the one or more optical ray output devices 116 via an optical

fiber coupler 222 and an optical fiber 120.
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[0036] The XY stage 208 may be coupled between the first and second layers 202,
204. The XY stage 208 may be configured to maintain a predetermined spacing, e.g., the
distance D, between the first layer 202 and the second layer 204. Alternately or
additionally, the XY stage 208 may be configured to adjust an alignment of one of the
first layer 202 or the second layer 204 relative to the other of the second layer 204 or the
first layer 202. The relative alignment between the first and second layers 202, 204 may
be adjusted, e.g., periodically, to accommodate changes in an angle of incidence of
incoming optical rays 112 arising from relative movement between the source 104
(Figure 1) of the incoming optical rays 112 and the assembly 108.

[0037] Figure 3 shows a perspective view of an illustrative embodiment of the XY
stage 208 included in the assembly 108 of Figure 2A that is arranged in accordance with
at least some embodiments described herein. The XY stage 208 may include first and
second linear motion assemblies 302, 304 coupled together. Alternately or additionally,
the XY stage may be motorized.

[0038] The first linear motion assembly 302 may include a first plate 306 with a
dovetail ridge 306A formed thereon and a second plate 308 with a complementary
dovetail channel 308A formed therein. The dovetail ridge 306A may be configured to
slidably engage the dovetail channel 308A and may cooperate with the dovetail channel
308A to define a first degree of freedom in the arbitrarily-defined X direction.

[0039] The second linear motion assembly 302 may include a third plate 310 with a
dovetail ridge 310A formed thereon and a fourth plate 312 with a complementary dovetail
channel 312A formed therein. The dovetail ridge 310A may be configured to slidably
engage the dovetail channel 312A and may cooperate with the dovetail channel 312A to
define a second degree of freedom in the arbitrarily-defined Y direction. The first and
second linear motion assemblies 302, 304 may be coupled together such that the first and
second degrees of freedom, e.g., the X and Y directions, are orthogonal.

[0040] With combined reference to Figures 2-3, the first linear motion assembly 302
may be coupled to the first layer 202, while the second linear motion assembly 304 may
be coupled to the second layer 204. If a position of the first layer 202 is fixed, an
alignment of the second layer 204 can be adjusted relative to the first layer 202 by
moving the fourth plate 312 in the Y direction relative to the third plate 310 and/or by
moving the second plate 308 in the X direction relative to the first plate 306. Alternately,
the position of the second layer 204 may be fixed while the alignment of the first layer

202 may be adjustable relative to the second layer 204.
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[0041] The seal member 209 may be configured to span the gap between the first and
second layers 202, 204 and may be coupled to the first and second layers 202, 204.
Alternately or additionally, the seal member 209 may be configured to cooperate with the
first layer 202, second layer 204 and XY stage 208 to confine the buffer layer 206
between the first and second layers 202, 204. 'The seal member 209 may include a
flexible bellows-type seal or may have another suitable configuration to accommodate
alignment adjustments between the first and second layers 202, 204.

[0042] Figures 4A and 4B show a double cross-sectional perspective view and a cross-
sectional side view of an illustrative embodiment of the first layer 202 included in the
assembly 108 of Figure 2A that is arranged in accordance with at least some
embodiments described herein. With combined reference to Figures 4A-4B, the first
layer 202 may include a first film 402, a second film 404 spaced apart from the first film
402, a multiple number of barriers 406, a sealant 408, and/or a multiple number of
elongated electrodes 410A, 410B.

[0043] Each of the first and second films 402, 404 may be substantially transparent to
optical rays having wavelengths within one or more predetermined wavelength ranges.
For example, each of the first and second films 402, 404 may have an optical
transmittance of greater than about 85%, or greater than about 90%, or greater than about
95% with respect to at least the predetermined wavelength range. The predetermined
wavelength range may include the visible spectrum, e.g., about 380 nanometers (“nm™) to
about 750 nm. Alternately or additionally, the predetermined wavelength range may
include a subrange of the visible spectrum. Moreover, each of the first and second films
402, 404 may include one or more of glass, poly(methyl methacrylate), acrylic resin,
polycarbonate, fluorocarbon polymers, Cycloc Olefin Copolymer (“COC™), or other
suitable optically transparent material(s).

[0044]  The barriers 406 may be adapted to extend from the first film 402 into a region
between the first and second films 402, 404. Further, the barriers 406 may define a
multiple number of individual cells 412 corresponding to the liquid lens units 210
(Figures 2A-2B). In some embodiments, the barriers 406 may include one or more of
silicone rubber, polyurethane rubber, isobutylene-isoprene rubber, acrylic resin, epoxy
resin, polyurethane resin, or other suitable material(s).

[0045] The sealant 408 may be positioned to form a seal between the barriers 406 and
the second film 404. For example, the sealant 408 may be positioned in mutual contact

with the barriers 406 and the second film 404. Further, the sealant 408 may be configured
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to cooperate with the first and second films 402, 404 and barriers 406 to confine one or
more fluids within each of the individual cells 412. The sealant 408 may include one or
more of ultraviolet (“UV”) thermosetting epoxy resin, UV thermosetting acrylic resin,
thermosetting silicone resin, mixture-setting silicone resin, or other suitable sealant(s).
[0046] The elongated electrodes 410A, 410B may include a first subset of elongated
electrodes 410A positioned on the first film 402, and a second subset of elongated
electrodes 410B positioned on the second film 404. The second subset of elongated
electrodes 410B may be aligned orthogonally to the first subset of elongated electrodes
410A. Moreover, each of the elongated electrodes 410A, 410B may include one or more
of indium tin oxide, zinc oxide, aluminum zinc oxide, strontium oxide, silver, gold,
copper, aluminum, beryllium, magnesium, sodium, calcium, zinc, molybdenum, tungsten,
iridium, rhodium, potassium, nickel, chromium, cobalt, osmium, lithium, iron,
polyaniline, polythiophene, polyacetylene, polyphenylene, polypyrrole, carbon nanotubes,
fullerene, diamond-like carbon, or other suitable material(s). According to some
embodiments, a voltage can be applied across one or more of the first subset of elongated
electrodes 410A and one or more of the second subset of elongated electrodes 410B to
actuate one or more individual cells 212 that correspond to an intersection between the
respective ones of the electrodes 410A and 410B.

[0047] Optionally, the first layer 202 may further include one or more additional
components that have been omitted from Figure 4A to avoid obscuring aspects of some of
the components depicted in Figure 4A according to some embodiments. For example, as
illustrated in Figure 4B, the first layer 202 may further include, within each of the
individual cells 412, a liquid solution 414, oil 416, upper electrode 418, and lower
electrode 420.

[0048] The liquid solution 414 and oil 416 within each individual cell 412 may be
configured in cooperation to focus, at a given focal length within the focal range fiyi, to
fmax, Optical rays transmitted through a corresponding individual cell 412 depending on a
voltage applied across the corresponding individual cell 412. In some embodiments, the
liquid solution 414 may have an index of refraction that may be lower than an index of
refraction of the oil 416 and the liquid solution 414 and oil 416 may have substantially
equal densities. Alternately or additionally, the liquid solution 414 may be electrically

conducting, while the oil 416 may be electrically insulating.
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[0049]  The liquid solution 414 may include an aqueous salt solution. The salt may
include, but is not limited to, LiCl, Na,SO,4, Li,SO4, NaCl, CaCl,, CaSO,4, MgCl,,
MgSOQy, or other suitable salt(s).

[0050] The oil 416 may include, but is not limited to, phenylmethylsiloxanes, carbon
tetrabromide, 1-bromo-dodecane, chloro-naphtalene, bromo-naphtalene, silicon oil, or
other suitable oil(s). Optionally, the oil 416 may include one or more nano particles
dissolved therein to configure the oil 416 with an index of refraction that is higher than an
index of refraction of the liquid solution 414. The nano particles dissolved in the oil 416
may include, but are not limited to, TiO,, ZO,, Al,O3, Nb,Os, SnO», Sb,0s5, Zn0O, Si0O,,
ITO, Lay0s, CeO,, HfO,, Au, or Ag. Alternately, a stable non-oil solution, such as a
glycerol solution, with a refractive index higher than that of the liquid solution 414, may
be used in place of the oil 416.

[0051] One or more surfaces within each individual cell 414 may be treated with water
repellant to substantially confine the liquid solution 414 within the individual cell 414 to a
particular region of the individual cell 414. For example, surfaces of each individual cell
414 in region(s) occupied by oil 416 may be treated with water repellant to repel the
liquid solution 414 therefrom. Accordingly, the liquid solution 414 may be substantially
confined to one region of each individual cell 414 while the oil 416 may be substantially
confined to another region.

[0052]  The liquid solution 414 and oil 416 within each individual cell 414 may meet at
a surface boundary 422. In some embodiments, a shape of each surface boundary 422
may be adjusted at least between a substantially planar surface boundary (not shown)
corresponding to an infinite focal length and a substantially light-converging surface
boundary 422 as shown in Figure 4B, depending on a voltage applied across the
corresponding individual cell 414. The substantially light-converging surface boundary
422 depicted in Figure 4B may correspond to a finite focal length, a magnitude of which
depends on a degree of curvature of the surface boundary 422, and thus may depend on
the voltage applied across the corresponding individual cell 414.

[0053] The upper electrode 418 within each individual cell 412 may be positioned on
the second film 404 along a perimeter of each individual cell 412. The upper electrode
418 within each individual cell 412 may be arranged in electrical contact with the
corresponding elongated electrode 410A passing through the individual cell 412.
Analogously, the lower electrode 420 within each individual cell 412 may be positioned

on the first film 402 along a perimeter of each individual cell 412. The lower electrode
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420 within each individual cell 412 may be in electrical contact with the corresponding
elongated electrode 410B passing through the individual cell 412. Each of the upper and
lower electrodes 418, 420 may include one or more of indium tin oxide, zinc oxide,
aluminum zinc oxide, strontium oxide, silver, gold, copper, aluminum, beryllium,
magnesium, sodium, calcium, zinc, molybdenum, tungsten, iridium, rhodium, potassium,
nickel, chromium, cobalt, osmium, lithium, iron, polyaniline, polythiophene,
polyacetylene, polyphenylene, polypyrrole, carbon nanotubes, fullerene, diamond-like
carbon, or other suitable material(s).

[0054] Figures SA-5D depict a principle of operation of an illustrative embodiment of
an individual cell 500 that may be included in the first layer 202 of Figures 4A-4B and
that is arranged in accordance with at least some embodiments described herein. The
individual cell 500 may correspond to the individual cells 412 of Figures 4A-4B. The
individual cell 500 may include a first layer 502, second layer 504, barrier 506, sealant
508, elongated electrodes 510A, 510B, liquid solution 512, oil 514, upper electrode 516
and lower electrode 518 which may correspond to the first layer 402, second layer 404,
barrier 406, sealant 408, elongated electrodes 410A, 410B, liquid solution 414, oil 416,
upper electrode 418 and lower electrode 420 of Figures 4A-4B.

[0055] Figure 5A may illustrate a configuration of the individual cell 500 that may
exist in the absence of an applied voltage across the individual cell 500. In particular, a
surface boundary 520 between the liquid solution 512 and oil 514 may be substantially
planar such that incoming optical rays 522 transmitted through individual cell 500 are
focused at infinity.

[0056]  Alternately or additionally, Figure 5B may illustrate a configuration of the
individual cell 500 that may exist in the presence of an applied voltage across the
individual cell 500. In particular, a surface boundary 524 between the liquid solution 512
and oil 514 may be curved such that incoming optical rays 522 transmitted through
individual cell 500 are focused at focal length f;.

[0057] Figures 5C and 5D may illustrate blowup views corresponding to reference
circles 5C and 5D of Figures 5A and 5B, respectively. According to some embodiments,
three interfacial tensions may occur inside the individual cell 500, including tension 7.
between the liquid solution 512 and the lower electrode 518, tension v, between the oil
514 and the lower electrode 518, and tension ), between the liquid solution 512 and the

oil 514.
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[0058] Based on the Young-Laplace equation, the following relationship may exist
between tensions 7., Ve and v, and a contact angle &; formed between the lower
electrode 518 and the oil 514 when no voltage is applied: cos; = (Yie - Vo) / V1o (S€€
Figure 5C).

[0059] If a voltage is applied, the boundary surface may be subjected to a pressure I1
caused by electric charges 526. 'The pressure Il can be expressed as ¥2 (¢ - €0) / e V2,
where ¢ is the permittivity of the barrier 506, €0 is the dielectric constant, e is a thickness
of the barrier 506, and V is a magnitude of the applied voltage. When a voltage is applied
across the individual cell as depicted in Figure 5D, the following relationship may exist
between tensions 7., Yo and 7y, and a contact angle &, formed between the lower
electrode 518 and the oil 514: c0s6; = (Yic - Yoe) / Vo - V2 (- €0) / e v?

[0060] In the embodiments of Figures 4A-5D, the liquid lens units 210 of the first
layer 202 of Figures 2A-2B may be electrically-actuated. Alternately or additionally, the
liquid lens units 210 may be pneumatically-actuated as described with respect to Figures
6A-6B.

[0061] Figures 6A and 6B show cross-sectional side views of an alternative
embodiment of the first layer 202 included in the assembly 108 of Figure 2A that is
arranged in accordance with at least some embodiments described herein. With
combined reference to Figures 6A-6B, the first layer 202 may include a substrate 602, a
membrane 604 bonded to the substrate 602, a liquid 606 and a pressure source 608.

[0062] Each of the substrate 602 and membrane 604 may be substantially transparent
to optical rays having wavelengths within one or more predetermined wavelength ranges.
For example, each of the substrate 602 and membrane 604 may have an optical
transmittance of greater than about 85%, or greater than about 90%, or greater than about
95% with respect to at least the predetermined wavelength range. The predetermined
wavelength range may include the visible spectrum. Alternately or additionally, the
predetermined wavelength range may include a subrange of the visible spectrum.
Moreover, the substrate 602 may include one or more of glass, poly(methyl
methacrylate), acrylic resin, polycarbonate, fluorocarbon polymers, Cycloc Olefin
Copolymer (“COC”), or other suitable optically transparent material(s). Alternately or
additionally, the membrane 604 may include polydimethyl-siloxane (“PDMS”) elastomer,
or other suitable flexible optically transparent material(s).

[0063] The membrane 604 may be adapted to define a multiple number of micro-

fluidic channels 610 and a multiple number of deformable cells 612. The deformable
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cells 612 may correspond to the liquid lens units 210. Each of the micro-fluidic channels
610 may be configured in fluid communication with one or more of the deformable cells
612.

[0064] The liquid 606 may be contained within each of the deformable cells 612
and/or the micro-fluidic channels 610. The liquid 606 may be any liquid whose index of
refraction is greater than or equal to an index of refraction of the membrane 604. The
liquid 606 may include, for instance, water, silicon oil, paraffin oil, hydrocarbon liquid,
fluorinated hydrocarbon, or the like.

[0065] The pressure source 608 may be arranged in fluid communication with the
micro-fluidic channels 610. The pressure source 608 may be configured to selectively
pressurize one or more of the deformable cells 612 using the liquid 606 to adjust a focal
length of the corresponding one or more of the deformable cells 612 between the focal
range fii, to fiax.

[0066] In the embodiment of Figure 6A, a pressure of the liquid 606 within the
deformable cells 612 may be selected such that the deformable cells 612 are configured to
focus incoming optical rays at infinity. Alternately or additionally, in the embodiment of
Figure 6B, a pressure of the liquid 606 within the deformable cells 612 may be greater
than a pressure of the liquid 606 in Figure 6A such that the deformable cells 612 may be
configured to focus incoming optical rays at a finite focal length.

[0067] Figure 7 show a cross-sectional side view of an illustrative embodiment of the
second layer 204 included in the assembly 108 of Fligure 2A that is arranged in
accordance with at least some embodiments described herein. As previously noted, the
second layer 204 may include multiple optical waveguides 214 and each waveguide may
include multiple waveguide inlets 216 and one or more waveguide outlets 220 (Figure
2A). The optical waveguides 214 may include one or more of glass, quartz, poly(methyl
methacrylate), fluorinated polyimide, epoxy resin, COC, polycarbonate, or other suitable
material(s).

[0068] The second layer 204 may further include an optically transmissive substrate
702. The optically transmissive substrate 702 may be overmolded over a portion of the
optical waveguides 214 excluding the waveguide inlets 216, the waveguide outlets 220,
or both. In some embodiments, the optically transmissive substrate 702 may be
configured to transmit incoming optical rays transmitted through the first layer 202

(Figure 2A) that may be incident on the optically transmissive substrate 702.
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[0069] Accordingly, the optically transmissive substrate 702 may be substantially
transparent to optical rays having wavelengths within one or more predetermined
wavelength ranges. Tor example, the optically transmissive substrate 702 may have an
optical transmittance of greater than about 85%, or greater than about 90%, or greater
than about 95% with respect to at least the predetermined wavelength range. The
predetermined wavelength range may include the visible spectrum. Alternately or
additionally, the predetermined wavelength range may include a subrange of the visible
spectrum. The optically transmissive substrate 702 may include one or more of glass,
quartz, poly(methyl methacrylate), fluorinated polyimide, epoxy resin, COC, or
polycarbonate.

[0070] The optically transmissive substrate 702 may have an index of refraction that is
lower than an index of refraction of the optical waveguides 214 such that optical rays 704
received into the optical waveguides 214 by waveguide inlets 216 may be substantially
confined within the optical waveguides 214 by total internal reflection.

[0071] Optionally, the second layer 204 may further include a plating film 706
between the optical waveguides 214 and the optically transmissive substrate 702. The
plating film 706 may be configured to substantially prevent the optical rays 704 from
leaking out of the optical waveguides 214. The plating film 706 may include one or more
of nickel, silver, gold, copper or other suitable material(s).

[0072] In some embodiments, the second layer 204 may be formed by first forming
the optical waveguides 214 including waveguide inlets 216 and waveguide outlets 220,
electro-plating the optical waveguides 214 with the plating film 214, and overmolding the
optically transmissive substrate 702 over the plating film 706 on the optical waveguides
214 excluding the waveguide inlets 216 and waveguide outlets 220). Alternately or
additionally, the plating film 706 may be removed from the waveguide inlets 216 and
waveguide outlets 220 before overmolding the optically transmissive substrate 702.
[0073] The waveguide inlets 216 may have any configuration suitable for receiving
optical rays incident thereon into the corresponding optical waveguide 214. For instance,
the waveguide inlets 216 may have a substantially convex shape as illustrated in Figure 7.
Japanese Unexamined Patent Application Publication 2005-164631, filed November 28,
2003, discloses aspects of photo-detection portions 102 coupled to a branch-shaped light
guide portion 103, which may also be applied to the waveguide inlets 216 disclosed in the
present application. The foregoing reference is incorporated herein by reference in its

entirety for all purposes.
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[0074] In some embodiments disclosed herein, the optical waveguides 214 have a
branch structure including multiple branches coupling each waveguide inlet 216 to the
corresponding optical waveguide 214. To substantially reduce loss in the optical
waveguides 214 that might otherwise arise due to the branching structure of the optical
waveguides 214, the optical waveguides 214 may have any suitable configuration.
Japanese Patent No. 4171565, filed December 16, 1999, discloses aspects of a branched
waveguide which may also be applied to the optical waveguides 214 disclosed in the
present application. The foregoing reference is incorporated herein by reference in its
entirety for all purposes.

[0075] Figures 8A-8C illustrate some example operating modes of the assembly 108
of Figure 2A, arranged in accordance with at least some embodiments described herein.
In the embodiment of Figure 8A, incoming optical rays 802 may be received at the
assembly 108. A first portion 802A of the incoming optical rays 802 may be received by
a first portion of the assembly 108 corresponding to liquid lens unit 210C. The liquid
lens unit 210C may be configured with a focus at infinity such that the first portion 802A
of the incoming optical rays 802 transmitted through the liquid lens unit 210C may be
further transmitted through the second layer 204 to illuminate a first portion 804 of an
interior space 806.

[0076] A second portion 802B of the incoming optical rays 802 may be received by a
second portion of the assembly 108 corresponding to liquid lens units 210A and 210B.
Each of the liquid lens units 210A, 210B may be configured with a focus at the first focal
length f; which may be at the waveguide inlets 216A, 216B. Accordingly, the second
portion 802B of incoming optical rays 802 transmitted through the first layer 202 may be
focused onto waveguide inlets 216A, 216B as focused optical rays 808. The focused
optical rays 808 may be received by waveguide inlets 216A, 216B into the optical
waveguide 214 as redirected optical rays 810 and blocked from illuminating a second
portion 812 of the interior space 806. Optionally, the redirected optical rays 810 may be
output by the waveguide outlet 220 to illuminate a third portion 814 of the interior space
806.

[0077] Figure 8B may be similar in some respects to Figure 8A. For instance, the first
portion 802A of the incoming optical rays 802 may be received by the first portion of the
assembly 108 corresponding to liquid lens unit 210C. The liquid lens unit 210C may be

configured with a focus at infinity such that the first portion 802A of the incoming optical



10

15

20

25

30

WO 2012/121715 PCT/US2011/027654

-18 -

rays 802 transmitted through the liquid lens unit 210C may be further transmitted through
the assembly 108 to illuminate a first portion 804 of an interior space 806.

[0078]  The second portion 802B of the incoming optical rays 802 may be received by
the second portion of the assembly 108 corresponding to liquid lens units 210A and
210B. Each of the liquid lens units 210A, 210B may be configured with a focus at the
third focal length f; which may be beyond the waveguide inlets 216A, 216B.
Accordingly, a first part 802B-1 of the second portion 802B of incoming optical rays 802
transmitted through the first layer 202 may be focused onto waveguide inlets 216A, 216B
as first defocused optical rays 816A, while a second part 802B-2 of the second portion
802B of incoming optical rays 802 transmitted through the first layer 202 may be further
transmitted through the second layer 204 as second defocused optical rays 816B.

[0079] In the illustrative embodiment of Figure 8B, the first defocused optical rays
816A may be blocked from illuminating the second portion 812 of interior space 806,
while the second defocused optical rays 816B may illuminate the second portion 812 of
the interior space 806. Thus, the configuration of the assembly 108 of Figure 8B may
partially block incoming optical rays 802B from illuminating the second portion 812 of
interior space 806.

[0080] The first defocused optical rays 816A may be received by waveguide inlets
216A, 216B into the optical waveguide 214 as redirected optical rays 810. Optionally,
the redirected optical rays 810 may be output by the waveguide outlet 220 to illuminate
the third portion 814 of the interior space 806.

[0081]  Although the third portion 814 of the interior space 806 in Figures 8A and 8B
is illustrated as being separate from the first portion 804 and second portion 812 of the
interior space 806, in other embodiments the first and third portions 804, 814 of the
interior space 806 may overlap in some manner. For instance, the first portion 804 may
include all or a part of the third portion 814, or the third portion 814 may include all or a
part of the first portion 804.

[0082]  Alternately or additionally, the second and third portions 812, 814 may overlap
in some manner. In embodiments where the third portion 8§14 illuminated by redirected
optical rays 810 overlaps the second portion 8§12 in some manner, the redirected optical
rays 810 may be output to the interior space 806 in such a manner that the redirected
optical rays 810 may be incident on the second portion 812 of the interior space at a
different angle than optical rays that are transmitted through the assembly 108 without

being redirected by the assembly 108. For instance, the second portion 812 of the interior
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space 806 may include a user workstation where any incoming optical rays 802
transmitted through the assembly 108 without being redirected might create glare on the
user workstation due to the incidence angle of the incoming optical rays 802. While the
third portion 814 of interior space 806 may also include the user workstation, the
waveguide outlet 220 may be configured to output redirected optical rays 810 from above
the user workstation to provide illumination on the user workstation without creating
glare on the user workstation.

[0083] Figure 8B illustrates an example configuration of the assembly 108 adapted to
partially block incoming optical rays 802 by defocusing one or more of the liquid lens
units 210. Alternately or additionally, incoming optical rays 802 may be partially
blocked by reducing an actuation frequency of the liquid lens units 210 within a given
portion of the assembly 108 as illustrated in Figure 8C.

[0084] In the illustrative embodiment of Figure 8C, a first portion (not labeled) of
incoming optical rays 802 may be received by a first portion 818 of the assembly 108.
The liquid lens units (not shown in Figure 8C) of the first portion 818 of the assembly
108 may be configured with a focus at infinity such that the first portion of the incoming
optical rays 802 may be transmitted through the assembly 108 to illuminate a first portion
820 of an interior space 822.

[0085] A second portion (not labeled) of incoming optical rays 802 may be received
by a second portion 824 of the assembly 108. Some of the liquid lens units (not shown in
Figure 8C) of the second portion 824 of the assembly 108 may be configured with a focus
at infinity, while others of the liquid lens units of the second portion 824 may be
configured with a focus at the first focal length f; which may be at the waveguide inlets
(not shown in Figure 8C). As illustrated in Figure 8C, the liquid lens units in the second
portion 824 configured with a focus at infinity may, for instance, alternate in a
checkerboard pattern with the liquid lens units in the second portion 824 configured with
a focus at the first focal length f;.

[0086]  Accordingly, a first part of the second portion of incoming optical rays 802
transmitted through the liquid lens units of the second portion 824 that are configured
with a focus at infinity may also be transmitted through the second layer (not shown in
Figure 8C) of the assembly 108 to a second portion 826 of the interior space 822. In
contrast, a second part of the second portion of incoming optical rays 802 transmitted
through the liquid lens units of the second portion 824 that are configured with a focus at

the first focal length f; may be focused onto corresponding waveguide inlets (not shown
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in Figure 8C), received into corresponding waveguides and redirected to a different
portion of the interior space 822. Thus, the configuration of the assembly 108 described
with respect to Figure 8C may partially block incoming optical rays 802 from
illuminating the second portion 826 of the interior space 822.

[0087] Figure 9 shows an example flow diagram of a method 900 of operating an
assembly with selective optical transmissivity, arranged in accordance with at least some
embodiments described herein. The assembly may correspond to the assembly 108
described herein. Accordingly, the assembly may include a first layer including an array
of liquid lens units, and a second layer spaced apart from the first layer. The second layer
may include a multiple number of optical waveguides. Fach of the optical waveguides
may include a multiple number of waveguide inlets. Each of the waveguide inlets may
correspond to a different liquid lens unit included in the array of liquid lens units. The
method 900 includes various operations, functions or actions as illustrated by one or more
of blocks 902, 904, 906 and/or 908. The method 900 may begin at block 902.

[0088] In block 902, [“Receive Incoming Optical Rays At The Assembly”], incoming
optical rays may be received at the assembly. The incoming optical rays may be received
directly from a source such as the sun or a streetlight, or the incoming optical rays may be
received indirectly from a source via reflection off of a reflective surface on a
neighboring building, house, or other structure, or body of water, or the like. Block 902
may be followed by block 904.

[0089] In block 904, [“Transmit A First Portion Of The Incoming Optical Rays
Received By A First Portion Of The Assembly Through The First Portion Of The
Assembly To Illuminate A First Portion Of the Interior Space”], a first portion of the
incoming optical rays received by a first portion of the assembly may be transmitted
through the first portion of the assembly to illuminate a first portion of the interior space.
The first portion of the assembly may include liquid lens units in a corresponding first
layer of the assembly that are configured with a focus at a focal length beyond a
corresponding second layer of the assembly, such as a focal length of infinity.
Accordingly, at least some of the first portion of the incoming optical rays received by the
first portion of the assembly may be transmitted through both the first and second layers
of the assembly to illuminate the first portion of the interior space. Block 904 may be
followed by block 906.

[0090] In block 906, [“At Least Partially Block A Second Portion Of The Incoming
Optical Rays Received By A Second Portion Of The Assembly From Illuminating A
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Second Portion Of The Interior Space”], a second portion of the incoming optical rays
received by a second portion of the assembly may be at least partially blocked from
illuminating a second portion of the interior space.

[0091] In some embodiments, at least partially blocking 906 the second portion of the
plurality of incoming optical rays may include focusing a subset of the array of liquid lens
units that corresponds to the second portion of the assembly such that incoming optical
rays received by the second portion of the assembly are focused on and received by
respective ones of the waveguide inlets and thereby blocked from illuminating the second
portion of the interior space. The foregoing configuration of the assembly may
correspond to the configuration of Figure 8A in which liquid lens units 210A, 210B may
be configured with a focus at the first focal length f; so as to focus the second portion
802B of incoming optical rays 802 on waveguide inlets 216A, 216B.

[0092]  Alternately or additionally, at least partially blocking 906 the second portion of
the plurality of incoming optical rays may include focusing a subset of the array of liquid
lens units corresponding to the second portion of the assembly such that a first part of the
second portion of the incoming optical rays may be directed onto and received by
respective ones of the waveguide inlets, while a second part of the second portion of the
incoming optical rays may be directed around the respective ones of the waveguide inlets
and transmitted through the second layer. The foregoing configuration of the assembly
may correspond to the configuration of Figure 8B in which liquid lens units 210A, 210B
may be configured with a focus at the third focal length {3 such that the first part 802B-1
of the second portion 802B of incoming optical rays 802 may be transmitted through the
second layer 204 as defocused optical rays 8168, while the second part 802B-2 of the
second portion 802B of incoming optical rays 802 may be directed onto and received by
waveguide inlets 216A, 216B as defocused optical rays 816A.

[0093]  Alternately or additionally, at least partially blocking 906 the second portion of
the plurality of incoming optical rays may include focusing some, but not all, of a subset
of liquid lens units corresponding to the second portion of the assembly such that some of
the second portion of incoming optical rays are focused on and received by corresponding
waveguide inlets while others of the second portion of incoming optical rays are
transmitted through the assembly into the interior space. The foregoing configuration of
the assembly may correspond to the configuration of Figure 8C in which liquid lens units

in the second portion 824 of the assembly 108 configured with a focus at infinity may
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alternate in a checkerboard pattern with liquid lens units in the second portion 824 of the
assembly 108 configured with a focus at the first focal length f;.

[0094] According to some embodiments, focusing a subset of liquid lens units or
some, but not all, of a subset of liquid lens units may include pressurizing a multiple
number of liquid-filled deformable cells corresponding to the subset of liquid lens units,
or the some, but not all, of the subset of liquid lens units. Alternately or additionally,
focusing a subset of liquid lens units or some, but not all, of a subset of liquid lens units
may include applying an electric field across a multiple number of individual cells to
modify a surface boundary between liquid and oil contained with each of the individual
cells, where the individual cells may correspond to the subset of liquid lens units, or the
some, but not all, of the subset of liquid lens units.

[0095] Returning to Figure 9, block 906 may be followed by block 908. In block 908,
[“Redirect The Blocked Second Portion Of The Incoming Optical Rays Received By The
Second Portion Of The Assembly To [lluminate A Third Portion Of The Interior Space™],
the blocked second portion of incoming optical rays received by the second portion of the
assembly may be redirected to illuminate a third portion of the interior space. For
instance, Figure 1 illustrates an example of redirected optical rays 114, and Figures 8A
and 8B illustrate examples of redirected optical rays 810.

[0096] In some embodiments, redirecting 908 the blocked second portion of the
incoming optical rays may include directing incoming optical rays focused onto and
received by corresponding waveguide inlets through one or more corresponding optical
waveguides to one or more optical ray output devices in the interior space.

[0097] In light of the present disclosure, it will be appreciated that, for the processes
and methods disclosed herein, the functions performed in the processes and methods may
be implemented in differing order. Furthermore, the outlined steps and operations are
only provided as examples, and some of the steps and operations may be optional,
combined into fewer steps and operations, or expanded into additional steps and
operations without detracting from the essence of the disclosed embodiments.

[0098] For instance, other functions and operations not shown in Figure 9 or described
above can be included in the method 900. As an example, the method 900 may further
include adjusting a relative alignment between the first and second layer of the assembly
to accommodate a change in an incidence angle of the incoming optical rays arising from
relative movement between a source of the incoming optical rays and the assembly. The

relative alignment may be adjusted periodically in some embodiments. The adjustments
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may be pre-programmed and controlled by a control module, such as the control module
122 of the assembly 108 of Figure 1, where the control module may adjust relative
alignment through an XY stage, such as the XY stage 208 of Figure 2A.

[0099] The present disclosure is not to be limited in terms of the particular
embodiments described herein, which are intended as illustrations of various aspects.
Many modifications and variations can be made without departing from its spirit and
scope, as will be apparent to those skilled in the art. Functionally equivalent methods and
apparatuses within the scope of the disclosure, in addition to those enumerated herein,
will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of the appended claims, along
with the full scope of equivalents to which such claims are entitled. It is to be understood
that the present disclosure is not limited to particular methods, reagents, compounds
compositions or biological systems, which can, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting.

[00100] With respect to the use of substantially any plural and/or singular terms herein,
those having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[00101] It will be understood by those within the art that, in general, terms used herein,
and especially in the appended claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should be interpreted as “including
but not limited to,” the term “having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not limited to,” etc.). It will be
further understood by those within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain usage of the introductory
phrases "at least one" and "one or more" to introduce claim recitations. However, the use
of such phrases should not be construed to imply that the introduction of a claim
recitation by the indefinite articles "a" or "an" limits any particular claim containing such
introduced claim recitation to embodiments containing only one such recitation, even

when the same claim includes the introductory phrases "one or more" or "at least one"
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and indefinite articles such as “a” or “an” (e.g., “a” and/or “an” should be interpreted to
mean “at least one” or “one or more”); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, even if a specific number of an
introduced claim recitation is explicitly recited, those skilled in the art will recognize that
such recitation should be interpreted to mean at least the recited number (e.g., the bare
recitation of “two recitations,” without other modifiers, means at least two recitations, or
two or more recitations). Furthermore, in those instances where a convention analogous
to “at least one of A, B, and C, etc.” is used, in general such a construction is intended in
the sense one having skill in the art would understand the convention (e.g., “a system
having at least one of A, B, and C” would include but not be limited to systems that have
A alone, B alone, C alone, A and B together, A and C together, B and C together, and/or
A, B, and C together, etc.). In those instances where a convention analogous to “at least
one of A, B, or C, etc.” is used, in general such a construction is intended in the sense one
having skill in the art would understand the convention (e.g., “ a system having at least
one of A, B, or C” would include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.). It will be further understood by those within the art that virtually any
disjunctive word and/or phrase presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms. For example, the phrase “A
or B” will be understood to include the possibilities of “A” or “B” or “A and B.”

[00102] In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[00103] As will be understood by one skilled in the art, for any and all purposes, such
as in terms of providing a written description, all ranges disclosed herein also encompass
any and all possible sub ranges and combinations of sub ranges thereof. Any listed range
can be easily recognized as sufficiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-
limiting example, each range discussed herein can be readily broken down into a lower
third, middle third and upper third, etc. As will also be understood by one skilled in the

LYY

art all language such as “up to,” “at least,” and the like include the number recited and

refer to ranges which can be subsequently broken down into sub ranges as discussed
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above. Finally, as will be understood by one skilled in the art, a range includes each
individual member. Thus, for example, a group having 1-3 cells refers to groups having
1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5
cells, and so forth.

[00104] From the foregoing, it will be appreciated that various embodiments of the
present disclosure have been described herein for purposes of illustration, and that various
modifications may be made without departing from the scope and spirit of the present
disclosure. Accordingly, the various embodiments disclosed herein are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.
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CLAIMS
1. An assembly with selective optical transmissivity, the assembly
comprising:

a first layer including a plurality of liquid lens units, wherein each of the
plurality of liquid lens units is configured to selectively focus incoming optical
rays within a focal range defined between a first focal length and a second focal
length; and

a second layer spaced apart from the first layer, wherein:

the second layer includes a plurality of optical waveguides;

each of the plurality of optical waveguides includes one or more
waveguide inlets such that the second layer includes a plurality of
waveguide inlets; and

each of the plurality of waveguides inlets is associated with a
respective one of the plurality of liquid lens units and is spaced apart from
the respective one of the plurality of liquid lens units by a distance within

the focal range.

2. The assembly of claim 1, wherein each of the plurality of waveguide inlets
is configured to receive incoming optical rays focused by the respective one of the
plurality of liquid lens units at a third focal length within the focal range and to direct the

received optical rays into a respective one of the plurality of optical waveguides.

3. The assembly of claim 2, wherein each of the plurality of waveguide inlets
is configured to receive a portion of incoming optical rays focused by the respective one
of the plurality of liquid lens units at a fourth focal length within the focal range and also
configured to direct the received portion of incoming optical rays into the respective one
of the plurality of optical waveguides, wherein the fourth focal length is greater than the

third focal length.

4. The assembly of any one of claims 1-3, wherein the second layer further
includes an optically transmissive substrate overmolded over a portion of the plurality of
optical waveguides excluding the plurality of waveguide inlets such that incoming optical
rays transmitted through the first layer and incident on the optically transmissive substrate

can be transmitted through the assembly.
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5. The assembly of claim 4, wherein the optically transmissive substrate
includes one or more of glass, quartz, poly(methyl methacrylate), fluorinated polyimide,

epoxy resin, Cyclic Olefin Copolymer, or polycarbonate.

6. The assembly of any one of claims 4-5, wherein the second layer further
includes an electro-plated film positioned between the plurality of optical waveguides and

the optically transmissive substrate.

7. The assembly of any one of claims 1-6, wherein the first layer comprises:

a first film;

a second film spaced apart from the first film;

a plurality of barriers extending from the first film into a region between
the first and second films, the plurality of barriers defining a plurality of
individual cells corresponding to respective ones of the plurality of liquid lens
units;

a liquid solution and oil positioned within each of the plurality of
individual cells;

a sealant positioned to form a seal between the plurality of barriers and the
second film; and

a plurality of elongated electrodes including a first subset positioned on the
first film and a second subset positioned on the second film and aligned

orthogonally to the first subset.

8. The assembly of claim 7, wherein each of the plurality of elongated
electrodes includes one or more of indium tin oxide, zinc oxide, aluminum zinc oxide,
strontium oxide, silver, gold, copper, aluminum, beryllium, magnesium, sodium, calcium,
zinc, molybdenum, tungsten, iridium, rhodium, potassium, nickel, chromium, cobalt,
osmium, lithium, iron, polyaniline, polythiophene, polyacetylene, polyphenylene,

polypyrrole, carbon nanotubes, fullerene, or diamond-like carbon.

0. The assembly of any one of claims 7-8, wherein the sealant includes one or
more of an ultraviolet (“UV”) thermosetting epoxy resin, a UV thermosetting acrylic

resin, a thermosetting silicone resin, or a mixture-setting silicone resin.
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10. The assembly of any one of claims 7-9, wherein the plurality of barriers
include silicone rubber, polyurethane rubber, isobutylene-isoprene rubber, acrylic resin,

epoxy resin, or polyurethane resin.

11. The assembly of any one of claims 7-10, wherein each of the first and
second films includes one or more of glass, poly(methyl methacrylate), acrylic resin,

polycarbonate, fluorocarbon polymers, or Cyclic Olefin Copolymer.

12. The assembly of any one of claims 7-11, wherein the liquid solution

includes one or more of LiCl, NaySQOy, Li,SO4, NaCl, CaCl,, CaSOq4, MgCl,, or MgSO,.

13. The assembly of any one of claims 7-12, wherein the oil includes one or
more of phenylmethylsiloxanes, carbon tetrabromide, 1-bromo-dodecane, chloro-

naphtalene, bromo-naphtalene, or silicon oil.

14. The assembly of any one of claims 1-6, wherein the first layer comprises:

a glass substrate;

a membrane bonded to the glass substrate, the membrane defining a
plurality of micro-fluidic channels and a plurality of deformable cells
corresponding to respective ones of the plurality of liquid lens units, wherein each
of the plurality of micro-fluidic channels is in fluid communication with one or
more of the plurality of deformable cells;

a liquid contained within each of the plurality of deformable cells; and

a pressure source adapted in fluid communication with the plurality of
micro-fluidic channels, wherein the pressure source is configured to selectively
pressurize one or more of the plurality of deformable cells using the liquid to

adjust a focal length of the corresponding one or more liquid lens units.

15. The assembly of claim 1, further comprising a control module configured

to independently control a focal length of each of the plurality of liquid lens units.
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An assembly with selective optical transmissivity, the assembly

a first layer including an array of liquid lens units;
a second layer spaced apart from the first layer, wherein:

the second layer includes a plurality of optical waveguides;

each of the plurality of optical waveguides includes one or more
waveguide inlets such that the second layer includes a plurality of
waveguide inlets; and

each of the plurality of waveguide inlets is associated with a
respective liquid lens unit included in the array of liquid lens units; and

a buffer layer positioned between the first and second layers.

The assembly of claim 16, wherein the buffer layer comprises one or more

of silicon oil, water, paraffin oil, hydrocarbon liquid, or fluorinated hydrocarbon.

18.

The assembly of any one of claims 16-17, wherein:

the buffer layer has an index of refraction between an index of refraction

of the array of liquid lens units and an index of refraction of the plurality of

optical waveguides;

the buffer layer has an index of refraction that is no more than about 10%

higher than an index of refraction of the array of liquid lens units or an index of

refraction of the plurality of optical waveguides, whichever is higher; or

the buffer layer has an index of refraction that is no more than about 10%

lower than an index of refraction of the array of liquid lens units or an index of

refraction of the plurality of optical waveguides, whichever is lower.

19.

The assembly of any one of claims 16-18, wherein the array of liquid lens

units includes columns of liquid lens units and each of the plurality of optical waveguides

is aligned with a respective column of liquid lens units, further wherein a diameter of

each of the plurality of optical waveguides is less than about 10 percent of a width of a

corresponding column of liquid lens units.

20.

The assembly of any one of claims 16-19, wherein the assembly comprises

a window set in a wall of a room.
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21. The assembly of claim 20, wherein each of the plurality of optical
waveguides includes a waveguide outlet configured to output optical rays received by one
or more waveguide inlets and directed through a respective optical waveguide to a

respective waveguide outlet.

22. The assembly of claim 21, further comprising a light guide set in a ceiling
or wall of the room, wherein the light guide is coupled to one or more of the waveguide
outlets and wherein the light guide is configured to diffusely output optical rays received

from the one or more of the waveguide outlets into the room.

23. The assembly of claim 20, further comprising:

a plurality of optical ray output devices respectively positioned in a
plurality of locations of the room; and

an optical switch coupled between the plurality of optical waveguides and
the plurality of optical ray output devices, wherein the optical switch is configured
to selectively direct optical rays received from the plurality of optical waveguides

to the plurality of optical ray output devices.

24. The assembly of any one of claims 16-23, wherein each of the plurality of
waveguides includes one or more of glass, quartz, poly(methyl methacrylate), fluorinated

polyimide, epoxy resin, Cylcic Olefin Copolymer, or polycarbonate.

25. The assembly of any one of claims 16-24, further comprising an XY stage

coupled between the first layer and the second layer.

26. The assembly of claim 25, wherein the XY stage is configured to maintain
a predetermined spacing between the first layer and the second layer and is configured to
adjust an alignment of one of the first layer or the second layer relative to the other of the

second layer or the first layer.
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27. A method of operating an assembly with selective optical transmissivity,
the method comprising:

receiving a plurality of incoming optical rays at the assembly;

transmitting a first portion of the plurality of incoming optical rays
received by a first portion of the assembly through the first portion of the
assembly to illuminate a first portion of an interior space;

at least partially blocking a second portion of the plurality of incoming
optical rays received by a second portion of the assembly from illuminating a
second portion of the interior space; and

redirecting the blocked second portion of the plurality of incoming optical
rays received by the second portion of the assembly to illuminate a third portion of

the interior space.

28. The method of claim 27, wherein the assembly includes:

a first layer including an array of liquid lens units; and

a second layer spaced apart from the first layer, wherein the second layer
includes a plurality of optical waveguides, wherein each of the plurality of optical
waveguides includes a plurality of waveguide inlets, and wherein each of the
plurality of waveguide inlets corresponds to a different liquid lens unit included in

the array of liquid lens units.

29. The method of claim 28, wherein at least partially blocking the second
portion of the plurality of incoming optical rays includes focusing a subset of the array of
liquid lens units corresponding to the second portion of the assembly such that incoming
optical rays received by the second portion of the assembly are focused on and received

by respective ones of the plurality of waveguide inlets.

30. The method of claim 29, wherein redirecting the blocked second portion of
the plurality of incoming optical rays includes directing the incoming optical rays
received by the respective ones of the plurality of waveguide inlets through one or more
of the plurality of optical waveguides having the respective ones of the plurality of

waveguide inlets to one or more optical ray output devices in the interior space.
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31. The method of any one of claims 29-30, wherein focusing a subset of the
array of liquid lens units includes:
pressurizing a plurality of liquid-filled deformable cells corresponding to
the subset of the array of liquid lens units; or
applying an electric field across a plurality of individual cells to modify a
surface boundary between liquid and oil contained within each of the plurality of
individual cells, the plurality of individual cells corresponding to the subset of the

array of liquid lens units.

32. The method of claim 28, wherein at least partially blocking the second
portion of the plurality of incoming optical rays includes focusing a subset of the array of
liquid lens units corresponding to the second portion of the assembly such that:

a first part of the second portion of the plurality of incoming optical rays
are directed onto and received by respective ones of the plurality of waveguide
inlets; and

a second part of the second portion of the plurality of incoming optical
rays are directed around the respective ones of the plurality of waveguide inlets

and transmitted through the second layer.

33. The method of claim 28, wherein at least partially blocking the second
portion of the plurality of incoming optical rays includes focusing some, but not all, of a
subset of the array of liquid lens units corresponding to the second portion of the
assembly such that some of the second portion of the plurality of incoming optical rays
are focused on and received by some of the plurality of waveguide inlets while others of
the second portion of the plurality of incoming optical rays are transmitted through the

assembly into the interior space.

34. The method of any one of claims 28-33, further comprising periodically
adjusting a relative alignment between the first layer and the second layer to
accommodate a change in an incidence angle of the plurality of incoming optical rays
arising from relative movement between a source of the plurality of incoming optical rays

and the assembly.



WO 2012/121715 PCT/US2011/027654

100

118

114
FiG. 1
08 108
512 202 204 ,5
22 N 2
zzaA\l\ XX N
217 A\ //2\
2105 “‘{- X X1 -2;-@—2;
5178 1 s 8 LX 3
216- 2ol
210““‘/:
A::::A:A; F;GR 28
209 114 320

FiG. 2A



WO 2012/121715 PCT/US2011/027654

2/9

308 .

3064

FiG. 3



WO 2012/121715

PCT/US2011/027654

3/9
f{/;az
4104 408 408 408
£ 406
404 £
l’i“f“ ‘i
4104 ;: 417
i 4108
ra & ~2 !
A4 \§;f 412
A \’\\.\ \\\\ \\\\N\\\\\\\\\ \\\\ \.\\\ 4 1 0 A
jj 4108° 406
402
FiG. 44
202
, 414 414 ;f”/
4104 414 4104 42 q104%12
oot g LTy 271
L AN VAN V) )
n:“ /m - £ ; S ;nq mf rd m;; v ;n‘& ms“m;; fﬁgg
414 e o - - o —
Y 7 W /7 S 422
422K o o . 7 N~
R é Reml R EE %/ ) ‘g-"” 436
AN
/4, % [N
R “ N CYECN NN NI
402N \f R
i 7 4207 4207
420f/¥05 / 422 40§j 420 4@5j
420

FiG. 4B



WO 2012/121715 PCT/US2011/027654

4/9

ég‘ 506 5i&

K LA
\\u\ o } :&? \
522 N T
A 514
L N L N
- 519’_4,‘“::&;:@ - i . \\\\‘ o o —p
Y/ RN
e nm.,_,m..§\<-: b Rhon nw owon Bou o [ _/‘2.\_’__9
\\\ /""Mﬂ \\\\
\\/" 29 ~
A M
520/"/\ \ SN 502
512/; % N \\
AP AN NS 518
s16- DN /f’/z’?’:fﬁ”/\
508 506
FiG. 54
516
5&0\55"8 \\ 5D 505/ 518
504 \
523 »;:’:§ \\::
\?\mwﬁ}? ><¢ 514
5104 —=% Y i
: \,:m::;,«««g‘%"sf::% >
T 2 >
JUL,...M.}}é \ 5108
524//// ‘ NN 502
Nl




WO 2012/121715 PCT/US2011/027654

5/9

FiG. 5C

FiG. 5D



WO 2012/121715 PCT/US2011/027654

6/9 608

PRESSURE SOURCE

610~

Q/ 7 N >

T \ T -..\
\\\ \\
\ x\ . x\ Nt
NN .
O
\x \\ \ \
\.\
S

604

N m
N 602
FiG, 6A 606
- 608
PRESSURE SOURCE
610 612 610
A QX AR [ 604
) / mmmmm mm - mmmmm u%

\\\\\ \ \x‘;\ \\ ‘i\

FIG. 68 o0

216 214

216-

216~

3602



WO 2012/121715

PCT/US2011/027654

108
806

214
810

}812

QQQ@Q&&&NNQK&QxQﬁ\\\
——

804

&

§

o it al

$168 / }
M“M_M:gﬁm y
“““““ _,:Z%jy
y
810 }mz
nnnnn -/
i it 3
] 3% a1
2168

206

FiG. 8B




PCT/US2011/027654

WO 2012/121715

8/9

8§22

e 108

{

FiG. 8C



WO 2012/121715 PCT/US2011/027654

9/9

900

/\/

Receive Incoming Optical Rays At The Assembly ¢ 202

¥

Transmit A First Portion Of The Incoming Optical
Rays Received By A First Portion Of The Assembly

Through The First Portion Of The Assembly To
HHuminate A First Portion Of The Interior Space
¥
At Least Partially Block A Second Portion Of The
Incoming Optical Rays Received By A Second 906

Portion Of The Assembly From tHuminating A
Second Portion Of The Interior Space

¥

Redirect The Blocked Second Portion Of The
Incoming Optical Rays Received By The Second L\ gpg
Portion Of The Assembly To HHuminate A Third

Portion Of The Interior Space

FIG. 9



" INTERNATIONAL SEARCH REPORT International application No.

PCT/US2011/027654
A CLASSIFICATION OF SUBJECT MATTER
Int. CL.
GO2F 1/29 (2006.01) GO02B 1/06 (2006.01) GO02B 26/00 (2006.01)
F21S 2/00 (2006.01) GO2B 6/04 (2006.01)
F21S 11/00 (2006.01) _ GO2B 7/04 (2006.01)

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)

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

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

EPODOC, WPI, GOOGLE PATENTS, PATENTLENS, GOOGLE SCHOLAR: liquid, fluid, solution, oil, water, lens, focus, foci,
electrowetting, waveguide, optic fibre, array, plurality, daylight, sunlight, interior, bend, deflect, control, block, absorb, transparent,
transmissive, microfludic and similar terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

US 2010/0014173 A1 (MOYER) 21 January 2010.

Y The abstract, paragraphs [0054] to [0056], [0069] [0071] [0076] and [0077] and 1-3, 7-16, 19,
figures la, 1b, 2a and 2b. 24.
: US 2009/0296408 A1 (HENDRIKS ET AL) 3 December 2009.
Y The abstract, paragraphs [0028], [0029] figures 1a and 1b. 1-3,7-13, 16,
‘ 19, 24.
US 2008/0202703 A1 (EDMONDS) 28 August 2008.
X Paragraphs [0005], [0011] and [0016] and figures 3 and 5. 27.
Further documents are listed in the continuation of BoxC See patent family annex
* Spcclal categories of cited documents:
"A"  document defining the general state of the art whlch is *T"  later document published after the intemational filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
’ underlying the invention
"E" carlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
*L*  document which may throw doubts on priority claim(s) "y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

*"O"  document referring to an oral disclosure, use, exhibition
or other means

"P*  document published prior to the intenational filing date
but later than the priority date claimed

"&"  document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report 1 B APR 20"
13 April 2011 ;

Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFICE ‘ WILLIAM GUINEA

PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE

E-mail address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)

Facsimile No. +61 2 6283 7999 Telephone No: +612 6283 2234

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT _ International application No.

PCT/US2011/027654
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* ~ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
’ claim No.

WO 2003/069380 A1 (KONIN-KLIUKE PHILIPS ELECTRONICS N.V.) 21 August
2003.

This document is incorporated by reference into US 2009/0296408 A 1. Page 5, line 9
to page 6, line 11; page 6, lines 28 to 33; page 8, lines 21 to 25 and page 4, lines 3 to 10
and figures 1 to 3

US 2007/0247724 A1 (JUNG) 25 October 2007.

Figures 1 and 2.

US 2005/0100270 A1 (O’CONNOR ET AL) 12 May 2005.

The abstract, paragraphs [0012] and [0059] and figures 5A to 5D.

1-3, 7-13, 16,
19, 24.

7-13.

1-3, 14-16,
19, 24,

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




~ INTERNATIONAL SEARCH REPORT International application No.
PCT/US2011/027654

Box No. Il  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) fbr the following
reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

‘____l Claims Nos

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III' Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

"This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Sheet 1.

As all required additional search fees were tunely paid by the appllcant this international search report covers all
searchable claims.

As all searchable claims.could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

HREINE

As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Cor{sequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest ‘ D The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

D The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation. '

D No protest accompanied the payment of additional search fees.

- Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2011/027654

Supplemental Box 1 of 1

(To be used when the space in any of Boxes I to IV is not sufficient)

Continuation of Box No: III

This International Application does not comply with the requirements of unity of invention because it does not relate
to one invention or to a group of inventions so linked as to form a single general inventive concept. In assessing
whether there is more than one invention claimed, I have given consideration to those features which can be
considered to potentially distinguish the claimed combination of features from the prior art.

This International Searching Authority has found that there are different inventions as follows:

e Claims 1 to 26 are directed to an assembly with selective optical transmissivity, the assembly comprising an
array or plurality of liquid lens units wherein a plurality of waveguides are associated with each of the
respective liquid lens units. It is considered that the assembly comprising an array or plurality of liquid lens
units wherein a plurality of waveguides are associated with each of the respective liquid lens units define a
first invention.

e Claims 27 to 34 are directed to a method of operating an assembly with selective optical transmissivity,
wherein a first portion of a plurality of optical rays are transmitted through a first portion of the assembly to
illuminate a first portion of an interior space; a second portion of the assembly blocks a second portion of the
optical rays such that the second portion of the optical rays are prevented from illuminating a second portion
of the interior space and redirecting the blocked second portion of rays so as to illuminate a third portion of the
interior space. It is considered that the method of operating an assembly with selective optical transmissivity,

" wherein a first portion of a plurality of optical rays are transmitted through a first portion of the assembly to
illuminate a first portion of an interior space; a second portion of the assembly blocks a second portion of the
optical rays such that the second portion of the optical rays are prevented from illuminating a second portion
of the interior space and redirecting the blocked second portion of rays so as to illuminate a third portion of the
interior space deﬁne a second invention.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship
among the claimed inventions involving one or more of the same or corresponding special technical features. PCT
Rule 13.2, second sentence, defines a special technical feature as a feature which makes a contribution over the prior
art.

None of the abovementioned groups of claims share any special technical feature. Because there is no common special
technical feature it follows that there is no technical relationship between the identified inventions. Therefore the
claims do not satisfy the requirement of unity of invention a priori. '

Form PCT/ISA/210(extra sheet)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2011/027654

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Doc¢ument Cited in

Patent Family Member

Search Report
US 2010014173 NONE
US 2009296408 CN 101438096 EP 1851579 KR 20070089243
_ WO 2006067653 ’
us 2008202703 AU 2008200367
WO 03069380 AU 2003201481 CN 101002115 EP 1478951
US 2005113912 uUS 7126903
US 2007247724 JP 2007293349
UsS 2005100270 AU  86511/01 uUsS 7027683 WO 0214926

Due to data intégratioh issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX |

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report

